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Abstract
Introduction. In order to enhance our understanding of bat vision, we investigated tyrosine hydroxylase (TH)-im-
munoreactive (IR) fibers in the visual cortex of the microbat.
Material and methods. The study was conducted on 12 freshly-caught adult bats (Rhinolophus ferrumequinum, 
both sexes, weighing 15–20 g). We used standard immunocytochemistry and confocal microscopy. 
Results. TH-IR fibers were distributed throughout all layers of the visual cortex, with the highest density in 
layer I. Two types of TH-IR fibers were observed: small and large varicose fibers. TH-IR cells were not found 
in the microbat visual cortex. The microbat substantia nigra and ventral tegmental areas, previously identified 
sources of TH-IR fibers in the mammalian visual cortex, all contained strongly labeled TH-IR cells. The average 
diameters of TH-IR cells in the substantia nigra and the ventral tegmental areas were 14.39 ± 0.13 μm (mean 
± SEM) and 11.85 ± 0.13 μm, respectively. 
Conclusions. Our results suggest that the microbat has a well-constructed neurochemical organization of TH-
IR fibers. This observation should provide fundamental insights into a better understanding of the nocturnal, 
echolocating bat visual system. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 2, 61–72)

Key words: visual cortex; tyrosine hydroxylase; microbat; immunocytochemistry

Introduction

Bats are the only true flying mammals in the order 
Chiroptera and they help to maintain the healthy 
ecosystem with their pollination activities [1–4]. There 
are about 1,000 species of bats which are generally 
divided into two suborders: Megachiroptera (megab-
ats, approximately 200 species), and Microchiroptera 
(microbats, approximately 800 species). Megabats, 
also called fruit bats, have large eyes with visual ability, 
while microbats have been known to have degenerated 

eyes with poor eyesight. Microbats primarily rely on 
sophisticated laryngeal echolocation, making high-fre-
quency noises and listening to the returning echoes 
for navigation or prey detection [5–9]. 

It has been recognized, however, that many micro-
bats also depend on vision. Thus, many functional el-
ements of the retina have been found in the microbat 
including cone [10, 11] and rod photoreceptors [12], 
ultraviolet-sensitive cone photoreceptors [13, 14], and 
the functional opsin genes [15, 16], suggesting the 
possibility for photopic and scotopic vision. A recent 
study also described the distribution of the third class 
of mammalian photoreceptors, intrinsically photosen-
sitive retinal ganglion cells (ipRGCs), in the microbat 
retina. The microbat has a much higher density of 
ipRGCs than diurnal animals, demonstrating the high 
species diversity between nocturnal and diurnal ani-
mals [17]. The AII [11, 12] and starburst [18] amacrine 
cells, which are the most well-understood amacrine 
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cells in many other mammalian species, have also 
been found in the microbat retina. Bipolar cells [12, 
19] and ganglion cells [20] have also been identified 
in the microbat. In addition to the retina, various 
neuronal cells and fibers containing neurochemical 
components such as acetylcholine, nitric oxide, and 
calcium-binding proteins have been localized to the 
visual system of the microbat visual cortex [21–23] and 
in the superior colliculus [24], indicating the potential 
for visual perception and visuomotor integration. 

Dopamine (DA), an important neurotransmitter 
in the nervous system, plays a widespread role in at-
tention, arousal, learning, motivation, motor control, 
reinforcement, and reward [25–30]. Dopaminergic 
fibers and cells have been commonly found in the 
visual cortex of various mammals including rats 
[31–33], rabbits [34], whales [35], monkeys [31, 36], 
and humans [37]. Layer I contains the highest density 
of dopaminergic fibers [31, 35]. The visual cortex is 
known to receive inputs from dopaminergic neurons 
in the midbrain. The substantia nigra and ventral teg-
mental areas are also sources of dopaminergic fibers 
in the visual cortex [26, 27, 30, 38–40].

The greater horseshoe bat, Rhinolophus ferrum-
equinum, is an insectivorous microbat that mainly 
lives in caves. This species has a wide range in the 
Palearctic ecozone, occurring from North Africa 
and Southern Europe through South-west Asia, the 
Caucasus, Iran, Afghanistan, Pakistan, and the Hima-
layas, and all the way to South-eastern China, Korea, 
and Japan [41]. Our laboratory previously described 
the organization of the dopaminergic system in the 
microbat central visual system, and we have identified 
at least four types of TH-IR cells in the retina [18]. 
Thus, although echolocation is the primary method 
of navigation for microbat flight, it is also of interest 
to explore the functional organization of the central 
visual system to find possible implications for the role 
of vision in flight navigation [11, 17, 18, 23, 24, 42–44]. 
In the superior colliculus, TH-IR immunoreactivity 
was found within the fibers but not within the cells 
[24]. However, the distribution and morphology of 
dopaminergic fibers in the microbat visual cortex has 
not yet been investigated. As part of a larger effort to 
localize dopaminergic cells and fibers in the entire bat 
visual system, in this study we aimed to investigate the 
organization of dopaminergic systems in the microbat 
visual cortex and to compare the organization of the 
microbat visual cortex with that of other mammals. 
Our results provide some basic information about the 
neurochemical organization of TH-IRs immunore-
activities in relation to the functional role of visual 
ability in the nocturnal echolocating bat.

Materials and methods

Animal and tissue preparation. For this study, a total of 
12 freshly-caught adult bats (Rhinolophus ferrumequinum, 
both sexes, weighing 15–20 g) were examined. All of the bats 
were captured in a cave in the district of Gimcheon, South 
Korea. After 5–6 h to transport and stabilize the bats, they 
were anesthetized with a mixture of ketamine hydrochloride  
(30–40 mg/kg; Yuhan, Seoul, Korea) and xylazine (3–6 mg/kg;  
Bayer, Leverkusen, Germany) prior to perfusion. The bats 
were then perfused intracardially with 4% paraformalde-
hyde (Sigma-Aldrich, St. Louis, MO, USA) and 0.3–0.5% 
glutaraldehyde (Sigma-Aldrich) in 0.1M sodium phosphate 
buffer (pH 7.4) containing 0.002% calcium chloride (Yakuri 
Pure Chemicals, Kyoto, Japan). Following a pre-rinse with 
approximately 30 ml of phosphate-buffered saline (PBS, 
pH 7.4) over a period of 3–5 min, each bat was perfused 
with 30–50 ml of fixative for 20–30 min via a syringe needle 
inserted through the left ventricle and aorta. The animal was 
decapitated and the head was placed in fixative for 2–3 h.  
The brain was then removed from the skull, stored for  
2–3 h in the same fixative, and then left overnight in 0.1 M  
phosphate buffer (pH 7.4) containing 8% sucrose and 
0.002% calcium chloride. The brain was then mounted onto 
a chuck and cut into 50 μm thick coronal sections using  
a Vibratome 3000 Plus Sectioning System (Vibratome,  
St. Louis, MO, USA). All animal experiments were approved 
by the Animal Care and Use Committee of Kyungpook 
National University (permission No. 2016-0151). The 
“Principles of laboratory animal care” (NIH publication No. 
85-23, revised 1985) were followed throughout the research 
protocol period.

Horseradish peroxidase staining. The primary antibody 
used in this study was rabbit anti-tyrosine hydroxylase (TH; 
Pel-Freez, Rogers, AR, USA) [18, 24, 45]. Tissues were 
processed free floating in small vials at room temperature 
with gentle agitation. For immunocytochemistry, tissues 
were incubated in 1% sodium borohydride (NaBH4; Sig-
ma-Aldrich) for 30 min. Afterwards, the tissues were rinsed 
for 3 x 10 min in PBS, then incubated for 2 h in PBS with 
4% normal goat serum (Vector Laboratories, Burlingame, 
CA, USA) with 0.5% Triton X-100 (Yakuri Pure Chemicals) 
added. Tissues were next incubated for 24 h in the primary 
antiserum (diluted 1:200) in PBS with 4% normal serum 
with 0.5% Triton X-100 added. Following three 10 min 
rinses in PBS, the tissues were incubated in a 1:200 dilution 
of biotinylated secondary IgG in a blocking solution. The 
secondary antibody used was biotinylated goat anti-rabbit 
(Vector Laboratories). The tissues were then rinsed three 
times for 10 min each in PBS and incubated for 2 h in  
a 1:50 dilution of avidin-biotinylated horseradish peroxidase 
complex (Vector Laboratories) in PBS. The tissues were 
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then rinsed in 0.25 M Tris buffer for 3 × 10 min. Finally, 
staining was visualized by reaction with 1,3’-diaminobenzi-
dine tetrahydrochloride (DAB) and hydrogen peroxide in 
0.25 M Tris buffer for 3–10 min using a DAB reagent set 
(Kirkegaard & Perry, Gaithersburg, MD, USA). All tissues 
were then rinsed in 0.25 M Tris buffer before mounting. As 
a negative control, some sections were incubated in the same 
solution without the addition of the primary antibody, and 
these control tissues showed no TH-IR immunoreactivity. 
Negative control and preabsorption tests for the specificity 
of this antibody conducted in the microbat central nervous 
system have been described in previous reports [24, 46]. 
Following the immunocytochemical procedures, the tissues 
were mounted on Superfrost Plus slides (Fisher, Pittsburgh, 
PA, USA) and dried overnight in a 37°C oven. The mounted 
sections were dehydrated, cleared, and coverslipped with 
Permount (Fisher).

Quantitative analysis. TH-IR fibers in the bat visual cortex 
were examined and photographed with a Zeiss Axioplan 
microscope (Carl Zeiss Meditec, Inc., Dublin, CA, USA). 
Among the 12 bats, we chose three animals and analyzed 
the quantitative data from nine best-labeled tissue sections 
(three tissue sections from each of three animals). Con-
ventional or differential interference contrast (DIC) optic 
images were obtained using Zeiss AxioCam HRc digital 
camera with Zeiss Plan-Apochromat objectives and Zeiss 
AxioVision 4 software (Carl Zeiss Meditec, Inc.). 

To quantify the density of IR fibers, we sampled sequen-
tial 210 × 210 μm fields and analyzed from nine sections in 
three bats (three tissue sections from each of three animals) 
across the superficial and deeper layers of the visual cortex. 
Line drawings showing the IR fibers were generated to 
clearly distinguish the distribution of the TH-IR fibers in 
the representative bat visual cortical section using Adobe 
Photoshop CS software (Adobe Systems Inc., San Jose, 
CA, USA). 

In three animals, the morphological types and the aver-
age diameter and area of TH-IR neurons were analyzed. The 
morphological types were determined for 273 (SN) and 316 
(VTA) neurons analyzed from nine sections in three bats 
and the average diameter and area of TH-IR neurons were 
determined for 210 (SN) and 236 (VTA) neurons analyzed 
from nine sections in three bats (three tissue sections from 
each of three animals). All analyses were performed using 
a 40× Zeiss Plan-Apochromat objective. To obtain the best 
images, we analyzed the cells under DIC optics. Only cell 
profiles containing a nucleus and at least one faintly visible 
nucleolus were included in the analysis. Since our goal was 
to obtain an estimate of each morphological cell type, no 
attempt was made to assess the total number of cells in each 
neuronal subpopulation. The average diameter and area of 
labeled neurons were computed using a digital camera (Carl 
Zeiss Meditec, Inc.). A cursor was moved manually around 

the outer contour of each cell using Zeiss AxioVison system. 
Images were adjusted with respect to brightness and contrast 
using Adobe Photoshop CS software (Adobe Systems Inc.). 

Results

The distribution of TH-IR fibers in the microbat 
visual cortex
The laminar structure of the microbat visual cortex and 
the TH-IR immunoreactivity are shown in Figures 1A  
and 1B, respectively. These images demonstrate 
that the microbat visual cortex has well-developed 
dopaminergic fibers. TH-IR fibers were distributed 
throughout all layers of the microbat visual cortex. 
Figures 1C and 1D show highly magnified sections 
of the square regions in Figure 1B. Figure 1B is  
a dark-field photomicrograph, captured using 20× ob-
jective. Figure 1C, including the TH-IR fibers located 
within layers I–III, and Figure 1D, showing the TH-IR 
fibers located within layers IV–VI, are bright-field 
photomicrographs, captured using a 40× objective.  
A representation of the density of the TH-IR fibers is 
shown in Figure 1E. The dopaminergic fibers in the 
microbat visual cortex form a plexus of labeled fibers 
with differential densities in the different layers. Quan-
titative maps of fiber distribution indicate the density 
of the TH-IR fibers in each layer (Fig. 2). Figure 2  
shows the laminar distribution pattern of the TH-IR 
fibers in the microbat visual cortex, which were ana-
lyzed using an image processing program developed 
at the National Institutes of Health. Three different 
sections each from three individual animals (total  
9 sections, each represented by a different color in 
Fig. 2B) were analyzed in this study. Figure 2C shows 
a histogram of the density of the TH-IR fibers in the 
microbat visual cortex. The frequency of labeled fibers 
varies in each layer: 20.78 ± 0.70% (mean ± SEM) 
of the labeled fibers appear in layer I, 13.65 ± 0.42% 
in layer II, 15.89 ± 0.74% in layer III, 16.14 ± 0.63% 
in layer IV, 16.45 ± 0.66% in layer V, and 17.07 ± 
± 0.74% in layer VI. Layer I had the highest density 
of TH-IR fibers, while layer II had the lowest TH-IR 
fiber density (Figs. 2B, 2C).

The morphology of TH-IR fibers in the microbat 
visual cortex
We identified at least two types of TH-IR varicose 
fibers in the microbat visual cortex: small varicose 
fibers (arrowheads in Figs. 3B, 3C and 3D) and large 
varicose fibers (arrows in Figs. 3A, 3B, 3D and 3E). 
Varicose fibers were distributed throughout the 
rostrocaudal section of the microbat visual cortex 
and numerous TH-IR varicosities were distributed 
irregularly along the fibers. The TH-IR fibers in the 
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Figure 1. Distribution of TH-IR fibers in the microbat visual cortex. A. The approximate limits of the layers are indicated in 
the thionin-stained section. B. Low-magnification dark-field photomicrograph of TH-IR fibers in the microbat visual cor-
tex. C, D. Medium magnification bright-field photomicrograph of TH-IR fibers showing the areas marked in (B). Varicose 
dopaminergic fibers generally observed in the microbat visual cortex. E. Drawing of the TH-IR fibers in the microbat visual 
cortex. Bar = 50 μm.

Figure 2. Intensity profile of TH-IR fibers in the visual cortex of the microbat. A plot of the intensity of the TH-IR fibers in 
different coronal sections of the microbat visual cortex, characterized using the image processing program Image J (NIH, 
Bethesda, MD, USA). A. Low-magnification dark-field photomicrograph of the microbat visual cortex shows well-labeled 
TH-IR fibers. B. Results of intensity graph analyses from nine coronal sections of the microbat visual cortex are shown.  
C. Density histogram of TH-IR fibers in the microbat visual cortex. Highest density was found in layer I. Bar = 50 μm.
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microbat visual cortex exhibited various orientations, 
including vertical, horizontal, and oblique orienta-
tions. The microbat visual cortex does not appear to 
have dopaminergic neurons; no labeled neurons were 
found in this study.

Source of dopaminergic inputs  
to the microbat visual cortex
There are several subdivisions of dopaminergic neu-
ron groups. The main groups of dopaminergic neu-
rons are located in the following areas in the brain: 
A8 (retrorubral), A9 (substantia nigra), A10 (ventral 
tegmental area), A11 (caudal diencephalic group), 
A12 (tuberal cell group), A13 (zona incerta), A14 
(hypothalamic nuclei), A15 (anterior hypothalamic 
group), and A16 (olfactory bulb) [46–48]. Among 
these, the substantia nigra and ventral tegmental 
areas are known to project dopaminergic fibers into 
the visual cortex [26, 27, 30, 38–40].

Substantia nigra
TH-IR neurons were distributed in the substantia 
nigra of the bat brain. Figure 4A represents an im-
munostained section containing the substantia nigra. 
Figure 4B, which is the magnified image of the area 
marked by a square in Figure 4A, shows intense la-
beling in various types of neurons in the substantia 
nigra. The large majority of the TH-IR neurons were 
round or oval cells, although other cell types were 
also observed, including stellate, horizontal fusiform, 

and vertical fusiform. Figure 5A shows representa-
tive multipolar round or oval cells. Figure 5B shows  
a small-sized stellate neuron. The stellate cells had pol-
ygon-shaped cell bodies with many dendrites coursing 
in all directions. Figure 5C shows a pyriform neuron 
with a pear-shaped cell body and a thick proximal den-
drite directed toward the pial surface. The ascending 
process has many small branches, forming a dendritic 
bouquet. Figure 5D shows a vertical fusiform cell that 
displays a vertical fusiform cell body with a main, long 
process ascending towards the pial surface and a long 
descending process. Figure 5E shows a horizontal cell 
that displays a horizontally oriented small, fusiform cell 
body and horizontally oriented processes. 

Quantitatively, 52.01 ± 3.06% (142 of 273 cells) of 
TH-IR neurons were round or oval, 15.82 ± 1.06% 
(51 of 273 cells) were vertical fusiform, 16.12 ± 0.74% 
(44 of 273 cells) were stellate, 11.72 ± 1.16% (32 of 
273 cells) were horizontal cells, and 1.47 ± 0.12%  
(4 of 273 cells) were pyriform cells (Fig. 7). The 
average diameter of the 210 TH-IR neurons in the 
substantia nigra ranged from 8.41 to 20.13 μm, with a 
mean diameter of 14.39 ± 0.13 μm. The area of these 
cells ranged from 55.51 to 318.26 μm2, with a mean 
area of 165.90 ± 3.23 μm2 (Fig. 8). 

Ventral tegmental area
Figure 4C presents an immunostained section contain-
ing the ventral tegmental area. Figure 4D is the magni-
fied image of the area marked by square in Figure 4C  

Figure 3. High-power differential interference contrast (DIC) photomicrographs of TH-IR fibers in the microbat visual 
cortex. A, E. Arrows indicate large varicosities in the microbat visual cortex. C. Arrowheads indicate small varicosities in 
the microbat visual cortex. B, D. TH-IR fibers with small (arrowheads) and large (arrows) varicosities in the microbat visual 
cortex. Bar = 10 μm.
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and shows intense labeling in various types of neurons in 
the ventral tegmental area. The majority of TH-IR neu-
rons in the microbat ventral tegmental area were round 
or oval cells. Figure 6A shows several representative 
round or oval cells, and Figure 6B shows a large-sized 
stellate neuron with a polygon-shaped cell body and 
numerous dendrites coursing in all directions. Figure 6C  
shows a vertical fusiform cell that displays a vertical 
fusiform cell body with a main, long process ascending 
towards the pial surface and a long descending process. 
Figure 6D shows a horizontal cell that displays a hori-
zontally oriented fusiform cell body and horizontally 
oriented processes. The pyriform cells (Fig. 6E) have 
pear-shaped cell bodies with a thick, proximal dendritic 
stump directed superficially towards the pial surface. 
Pyriform and horizontal cell types, however, were rare. 

Quantitatively, 60.76 ± 3.47% (192 of 316 cells) 
of the TH-IR neurons were round or oval, 15.82 ± 
0.82% (50 of 316 cells) were vertical fusiform, 8.23 ± 
0.11% (26 of 316 cells) were stellate, 13.61 ± 1.55% 
(43 of 316 cells) were horizontal cells, and 1.58 ± 
0.11% (5 of 316 cells) were pyriform cells (Fig. 7). 
The average diameter of the 236 TH-IR neurons in 
the ventral tegmental area ranged from 8.18 to 17.55 
μm, with a mean diameter of 11.85 ± 0.13 μm. The 
area of these cells ranged from 52.61 to 242.04 μm2, 
with a mean area of 113.62 ± 2.54 μm2 (Fig. 8).

Discussion

This study demonstrates that TH–IR fibers are dis-
tributed in the microbat visual cortex. We identified 
at least two types of TH–IR varicose fibers, and the 
TH–IR cells identified in the substantia nigra and 
ventral tegmental area are thought to be the sources 
of these TH-IR fibers. 

The purpose of this study was to investigate if 
TH-IR fibers are distributed in the microbat visual 
cortex as previously observed in the visual cortex of 
other animals [31–37]. The results show that TH-IR 
fibers with varicosities are present throughout all 
layers of the microbat visual cortex. A dopaminergic 
fiber density gradient was observed in the microbat 
visual cortex: layer I had the most densely innervat-
ed lamina, while layer II was the least innervated 
lamina. Dopaminergic fibers have been found in the 
visual cortex of many other mammals including rats 
[31–33], rabbits [34], whales [35], monkeys [31, 36], 
and humans [37]. In the rat visual cortex, dopaminer-
gic fibers were located in layers I–III and in layer VI 
[31]. In the rabbit visual cortex, layers I–II and layer 
IV are the most heavily innervated [34]. In the whale 
visual cortex, most of the dopaminergic fibers were 
primarily located in layer I [35], and a similar pattern 
was found in the monkey visual cortex [31]. Thus, 

Figure 4. Photomicrographs show presumed sources of TH-IR fibers in the microbat visual cortex. A. Low-magnification 
photomicrograph of coronal sections showing the substantia nigra. B. High-magnification photomicrograph of the image in 
the square marked in (A). C. Low magnification photomicrograph of a coronal section showing the ventral tegmental area. 
D. High magnification photomicrograph of the image in the square marked in (C). RN — red nucleus; SN — substantia 
nigra; VTA — ventral tegmental area. Bars: C = 200 μm, D = 50 μm.
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although the pattern of dopaminergic innervation 
has not been studied extensively across diverse animal 
species, the distribution pattern of the TH-IR fibers 
in the microbat visual cortex is similar to that of most 
of the mammals studied to date. 

We found TH-IR varicosities throughout the 
microbat visual cortex, and identified at least two 
different types: small and large varicose TH-IR fibers. 
Varicose dopaminergic fibers are common in several 
brain regions in mammals [24, 31, 32, 35], including 
the visual cortex of rats [31, 32], whales [35], and mon-
keys [36]. In our previous study on the distribution 
of TH in microbats, we also identified two types of 
varicose dopaminergic fibers in the superior colliculus 

[24]. As differences in shape, diameter, and synaptic 
microstructure of varicosities are thought to affect 
synaptic profiles [49], we propose that the dopamin-
ergic output may be influenced by the morphology of 
the varicose dopaminergic fibers. However, electron 
microscopy studies will be required to confirm the 
synaptic profiles of the TH-IR fibers in the microbat 
visual cortex. 

We did not find TH-IR neurons in the microbat 
visual cortex, and our results are similar to those of 
previously studies of mammals such as monkeys [35] 
and rabbits [34]. However, the TH-IR neurons were 
found in rat, whale, and human visual cortex [32, 37]. 
In rat visual cortex, the TH-IR neurons are located 

Figure 5. High-power differential interference contrast (DIC) photomicrographs of TH-IR cell types in the microbat sub-
stantia nigra. A. Round cells. At least three processes in various directions are seen (right side). The majority of TH-IR 
neurons were round or oval cells with many dendrites coursing in all directions. B. A multipolar stellate cell. Stellate neu-
rons had polygon-shaped cell bodies with many dendrites coursing in all directions. C. A pyriform cell with a thick primary 
dendrite oriented toward the pial surface. This ascending process has many small branches, forming a dendritic bouquet. 
D. A vertical fusiform cell with a vertical fusiform cell body and vertically oriented processes. E. A horizontal fusiform cell 
with a horizontal fusiform cell body and horizontally oriented processes. Bar = 20 μm.
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in layers I–VI. Most of these TH-IR neurons have 
bipolar or multipolar morphology and either fusiform 
or oval-shaped cell bodies [32]. In the whale visual 
cortex, TH-IR neurons are mainly observed in layer 
I [35]. TH-IR neurons in the visual cortex are mainly 
considered to be interneurons, and have been found 
to coexpress GABA or its biosynthetic enzyme glu-
tamic acid decarboxylase (GAD) [50]. The functional 
significance of these inter-species differences in the 
presence of dopaminergic neurons in the visual cortex 
has not yet been understood. However, these patterns 
may reflect variations in the connections and synaptic 
loops of the dopaminergic system in the animal visual 
cortex. Another study demonstrated that dopamine 
modulates GABA release from interneurons via the 
D2-like dopamine receptors in the prefrontal cortex 
[51]. Thus, dopaminergic fibers may synapse with 
GABAergic interneurons and modulate GABA levels 
in the microbat visual cortex. 

In the midbrain, TH-IR neurons found in the sub-
stantia nigra and ventral tegmental area form several 
dopaminergic pathways, such as the nigrostriatal, 
mesolimbic, and mesocortical pathways, that are 

Figure 6. High-power differential interference contrast (DIC) photomicrographs of TH-IR cell types in the microbat ventral 
tegmental area. A. Several round or oval cells can be identified in this Figure. The majority of TH-IR cells were round or oval 
cells. B. A multipolar stellate cell. Stellate neurons had polygon-shaped cell bodies with many dendrites coursing in all direc-
tions. C. A vertical fusiform cell with a vertical fusiform cell body and vertically oriented processes. D. A horizontal fusiform 
cell with a horizontal fusiform cell body and horizontally oriented processes. E. Pyriform cells with a thick primary dendrite 
oriented toward the pial surface. This ascending process had small branches, forming a dendritic bouquet. Bar = 20 μm.
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Figure 7. Histogram of the distribution of TH-IR neurons 
in the microbat substantia nigra and ventral tegmental area. 
In both areas, round or oval neurons presented the highest 
concentration of TH-IR cells, whereas the pyriform neurons 
comprised the smallest proportion. SN — substantia nigra; 
VTA — ventral tegmental area.
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known to project to the visual cortex. These pathways 
are associated with emotion-based behaviors and the 
control of voluntary motor movements. In previous 
studies identifying dopaminergic nuclei in megabats 

and microbats, TH-IR nuclei were found in the sub-
stantia nigra and ventral tegmental areas [24, 46–48, 
52]. Morphometric analysis of the TH-IR cells in the 
substantia nigra showed a medium-large cellular area 

Table 1. Quantitative data of tyrosine hydroxylase-immunoreactive cells in microbat substantia nigra and ventral tegmental area

Animal number Number of TH cells Diameter ± SEM

(μm) Area ± SEM (μm2)

Substantia Nigra 1 72 14.76 ± 0.23 174.41 ± 5.65

2 64 14.05 ± 0.21 157.47 ± 5.06

3 74 14.32 ± 0.25 164.91 ± 5.81

Average 70 14.39 ± 0.13 165.90 ± 3.23

Ventral Tegmental Area 1 77 11.00 ± 0.18 097.06 ± 3.27

2 78 12.45 ± 0.23 125.18 ± 4.69

3 81 12.09 ± 0.23 118.22 ± 4.50

Average 78.66 11.85 ± 0.13 113.62 ± 2.54

Figure 8. Histogram of TH-IR cell area and diameter in the microbat brain. The diameter of 210 TH-IR neurons in the sub-
stantia nigra ranged from 8.41 to 20.13 μm, with a mean of 14.39 ± 2.01 μm (mean ± SD). The area of these cells ranged from 
55.51 to 318.26 μm2, with a mean of 165.90 ± 46.86 μm2. The diameter of 236 TH-IR neurons in the ventral tegmental area 
ranged from 8.18 to 17.55 μm, with a mean of 11.85 ± 2.03 μm. The area of these cells ranged from 52.61 to 242.04 μm2, with 
a mean of 113.62 ± 39.11 μm2. The best-stained cells were measured. SN — substantia nigra; VTA — ventral tegmental area.
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(range 151.26–255.29 μm2), while the TH-IR cells 
in the ventral tegmental area had a small-medium 
cellular area (range 92.70–187.67 μm2) [52]. These 
results are similar to those observed in other mam-
mals [53]. Our results also show that the TH-IR cells 
in the substantia nigra are larger than in the ventral 
tegmental area. In the present study we identified 
various cell types including round or oval, stellate, 
vertical fusiform, and horizontal cells. Although the 
presence of dopaminergic circuits need to be verified 
by retrograde trace injection, our current results and 
pervious findings [26, 27, 30, 38–40] suggest that 
dopaminergic cells found within the midbrain may 
be the source of the dopaminergic innervation in the 
microbat visual cortex. In addition, dopaminergic 
neurons of different soma sizes that originate in the 
midbrain are presumed to project varying sizes of 
dopaminergic fibers into the microbat visual cortex.

Dopaminergic neurons from the substantia nigra 
target layer I in the rat brain, while neurons originat-
ing in the ventral tegmental area and midline nuclei 
target layers V–VI [31]. Assuming that the central 
dopaminergic system in the microbat visual cortex 
is similar to that of the rat, it is possible that the 
pattern of TH-IR fiber distribution in the bat visual 
cortex represents region-specific laminar localization 
of dopaminergic afferents. The high density of TH-
IR fibers in layer I of the bat visual cortex suggests 
that the bat visual cortex may receive much denser 
dopaminergic projections from the substantia nigra 
compared to the ventral tegmental area. However, 
the functional significance of the higher density of 
dopaminergic fibers in layer I of the visual cortex is 
not completely understood.

The functional role of TH-IR fibers in the visual 
cortex has not been fully elucidated yet. The dopa-
minergic system in the visual cortex may be involved 
in predicting reward information [54, 55]. Dopamine 
enhances the visual information content of oscillatory 
activity in the visual cortex [56]. In the bat, the striatal 
dopamine receptor-mediated pathway is an important 
factor in the production of bat echolocation pulses 
[57]. However, physiological studies of the role of 
dopamine in the visual cortex of bats have not been 
conducted. Our results demonstrate a well-organized 
dopaminergic system in the microbat visual cortex, 
which suggests that dopaminergic fibers in the visual 
cortex may play important roles such as predicting 
reward information and promoting the visual sen-
sory information, as previously described in other 
mammals [54–56]. However, defining how dopamine 
modulates various brain functions in the microbat 
visual cortex requires further studies focusing on 
electrophysiological approaches.

In conclusion, our results show that well-organized 
TH-IR fibers are present in the microbat visual cortex. 
TH-IR cells were not observed in the microbat visual 
cortex. The microbat substantia nigra and ventral 
tegmental areas, which are known sources of dopa-
minergic fibers found in the mammalian visual cortex, 
contained many well-labelled TH-IR neurons. These 
results combined with previous studies of the microbat 
visual system may contribute valuable information 
to the theory that the microbat visual system has 
functional roles and is capable of visual processing.
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Abstract
Introduction. There is evidence that disturbed spermatogenesis is associated with impaired Leydig cell function 
and that it may be the result of testicular dysgenesis during fetal/infant development. Sertoli cell-only syndrome 
(SCOS) is defined by complete lack of germ cells in the seminiferous epithelium. The pathogenesis of SCOS 
is still not well understood. The aim of the study is to evaluate testes with SCOS focusing on morphometric 
signs of testicular dysgenesis and markers of Leydig cell (LC) function in relation to hormonal status of studied 
infertile men.
Materials and methods. Forty-nine testicular biopsies of patients with SCOS and 15 controls with normal sper-
matogenesis (NOR) were studied. In each biopsy the seminiferous tubule diameter (STD), thickness of tubular 
membrane (TM), area fraction of intertubular space (AFIS) were measured and semi-quantitative assessment of 
the LC number was performed (LC-score). The results of histological examination were correlated with serum 
levels of FSH, LH, testosterone (T) and T/LH ratio.
Results. In SCOS group testicular volume (median [M]: 16.0 vs. 29.5; p < 0.001) and STD (M: 141.7 vs. 190.2;  
p < 0.001) were lower, while TM (M: 9.8 vs. 6.4; p < 0.001) and AFIS (M: 47.6 vs. 27.6; p < 0.001) were signif-
icantly higher in comparison to NOR group. LC-score was higher in SCOS than in NOR group (M: 2.2 vs. 1.1;  
p < 0.001). Abnormal AFIS and STD were present in 43% of SCOS biopsies and among them in 81% the increased 
LC-score was found. In SCOS group, the subjects had significantly higher levels of both gonadotropins (FSH, 
M: 19.9 vs. 3.4; p < 0.001; LH, M: 7.1 vs. 4.2; p < 0.001). Total serum testosterone level did not differ between 
studied groups; however, T/LH ratio was significantly lower in SCOS group (M: 2.3 vs. 3.8; p < 0.001). Negative 
correlation between LC-score and STD was observed in SCOS group (r = –0.48; p < 0.001). AFIS correlated 
positively with serum FSH level in NOR (r = 0.53; p < 0.05) and SCOS (r = 0.41; p < 0.05) group, while with 
LH, and negatively with T/LH ratio, only in SCOS (LH, r = 0.37; p < 0.05; T/LH, r = –0.36; p < 0.05) group. 
Conclusions. We have shown that substantial number of testes from subjects with SCOS presented abnormal 
morphometric features, which are recognized as the signs of testicular dysgenesis. Additionally, an increased 
number of Leydig cells simultaneously with abnormal T/LH ratio were found, which suggests an impaired function 
of these cells. Increased serum levels of LH and also FSH, may reflect dysfunction of Leydig cells. It seems that 
reproductive hormones levels reflect also the condition of testicular structure, and that FSH may be related to 
the changes in intertubular space area independently of impaired Leydig cell function. (Folia Histochemica et 
Cytobiologica 2020, Vol. 58, No. 2, 73–82)

Key words: Sertoli cell-only syndrome; testicular dysgenesis syndrome; Leydig cells; FSH; LH; testosterone; 
testicular biopsy; histology; morphometric assessment
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Introduction

Infertility is a problem that affects approximately 15% 
of couples trying to conceive after at least one year of 
regular, unprotected intercourses. The male factor is 
believed to contribute alone or in combination with 
female factor to difficulties in achieving pregnancy 
in 50% of cases [1]. Male infertility can be caused by 
wide range of conditions identified at pre-testicular, 
testicular and post-testicular level. It can results from 
anatomical or genetic abnormalities, endocrine, sys-
tematic or neurological diseases, infections, trauma, 
iatrogenic injury or gonadotoxins [2]. Also other 
factors such as excessive oxidative stress, improper 
lifestyle habits and sperm DNA fragmentation have 
been recently extensively studied as one of the mech-
anisms of male infertility [3–5]. 

The most severe form of human male infertility 
is Sertoli cell-only syndrome (SCOS), sometimes 
called germinal aplasia, a condition that is defined by 
a complete lack of germ cells, but preserved Sertoli 
cells in the seminiferous tubules [6]. It is estimated 
that about 5–10% of infertile men may have SCOS; 
however, its incidence may reach 39% in patients with 
non-obstructive azoospermia (NOA) [7] 

The pathogenesis of the syndrome is still not well 
understood. Presumably, in congenital germ cell 
aplasia, primordial germ cells do not migrate from 
the yolk sac into embryonic gonad [8, 9]. The SCOS 
may also result from factors damaging spermato-
genic epithelium such as toxic exposure, including 
chemotherapy, irradiation or hormonal factors. 
Cryptorchidism or viral orchitis have also been asso-
ciated with the appearance of SCOS [6, 10]. Among 
genetic factors the most frequent are chromosomal 
abnormalities (e.g. Klinefelter syndrome) as well as 
deletions in AZF (azoospermia factor) region of the 
Y chromosome [11]. 

It is well recognized that significant proportion 
of patients with SCOS had elevated levels of follicle 
stimulating hormone (FSH) [7, 12]. However, in some 
cases FSH concentrations are within normal range 
what may indicate selective malfunction of seminifer-
ous tubules [13]. Usually, the patients present normal 
levels of luteinizing hormone (LH) and testosterone 
(T), but some of them may present a decreased T/LH  
ratio resulting from slightly increased LH level and 
low-normal or decreased T level [7, 12, 14]. As hor-
mone levels do not always distinguish normal testic-
ular function from impaired spermatogenesis, the 
final diagnosis can be made only by testicular biopsy. 

In cases of primary SCOS seminiferous tubules 
may have only slightly reduced diameter and normal 
tubular wall thickness. Contrary, in cases of secondary 

(acquired) SCOS, the tubular wall may be thickened, 
the seminiferous tubules diameter reduced and Sertoli 
cells may show signs of degeneration [6]. Not uncom-
mon histological feature of SCOS is increased number 
of Leydig cells, which together with reduced T/LH is 
recognized as a marker of impaired Leydig cells func-
tion [7, 12, 15]. It was shown that the T/LH ratio might 
be lower in men with disturbed spermatogenesis when 
compared to men with normal spermatogenesis [12, 
14, 16]. Additionally, the cut-off value at 2 for T/LH  
ratio was recently established based on data from  
a cohort of 127 subjects with normal spermatogene-
sis [16]. This Leydig cell dysfunction may reflect the 
lack of paracrine signals from the disturbed tubular 
compartment or may be a consequence of testicular 
dysgenesis during fetal/infant development [14, 15, 
17, 18]. Additionally, apart from increased number of 
Leydig cells, the morphometric features such as de-
creased seminiferous diameter, increased tubular wall 
thickness and wide intertubular space may account 
for the signs of disturbed testicular organogenesis 
(dysgenesis) [19, 20].

Although testicular biopsy is the key tool in diag-
nostic work-up of azoospermic men, very often the 
process of evaluation of testicular tissue is focused 
primarily on the spermatogenic compartment with 
poor description of intertubular space and morpho-
metric features of testicular tubule.

The aim of this study is to evaluate testes of pa-
tients with SCOS focusing on morphometric features 
of testicular dysgenesis and markers of Leydig cell 
function in relation to hormonal status of studied 
infertile men.

Materials and methods

The study protocol was approved by the Bioethics Com-
mittee of the Medical University of Lodz, Poland (No. 
RNN/14/15/EC). 

Subjects and clinical data. To this retrospective study we 
included 49 men (age 19.6–43.8, median 31 years) with his-
tological diagnosis of SCOS and 15 subjects (age 23.4–38.2, 
median 29.5 years) with normal spermatogenesis (NOR) ob-
served in histological analysis as controls. All subjects were 
diagnosed because of azoospermia in semen analysis during 
the period 2005–2010. The most frequent andrological 
finding among SCOS subjects was history of cryptorchidism 
(18%; 9/49). Other alterations such as atrophy of contralat-
eral testis, testicular microlithiasis found on ultrasonography 
or germ cell tumor in the contralateral testis were observed 
in 14% of the subjects (7 out of 49). 

The paraffin embedded testicular biopsies as well as the 
subjects’ medical history were available in the Department of 
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Andrology and Reproductive Endocrinology of the Medical 
University of Lodz. Testicular biopsies were taken in the  
II Department of Urology, Medical University of Lodz.

The bilateral biopsy was taken only in 5 cases. The histo-
logical pattern was consistent on both sides, thus the mean 
value was calculated from data obtained from histological 
and morphometric assessment of both testes. 

Before testicular biopsy the subjects underwent physical 
examination and the testes volume was measured by ultra-
sonography. Hormonal measurements were performed in 
55 subjects (SCOS = 40 and NOR = 15) as a part of their 
diagnostic workup. Serum concentrations of FSH, LH, total 
testosterone (T) were determined using enhanced chemi-
luminescence method for VITROS ECi Immunodiagnostic 
System with MicroWell technology utilizing commercially 
available VITROS Reagent Packs for the hormones accord-
ing to manufacturer instruction (Ortho-Clinical Diagnostics 
Johnson and Johnson, UK). Hormonal determinations 
were performed in the laboratory of the Clinical Hospital 
of Medical University of Lodz. Additionally, ratio T/LH 
was calculated. 

None of the subjects had hypogonadotropic hypog-
onadism, any chronic disease, Klinefelter syndrome or his-
tory of hormonal treatment. However, the patients did not 
have genetic analysis of AZF deletions. Although currently 
AZF deletions are examined routinely, 10 years earlier they 
were not tested in every patient. 

Tissue preparation and histological analysis. All testicular 
biopsies were handled at the histological laboratory of the 
Department of Andrology and Reproductive Endocrinology, 
Medical University of Lodz. The subjects tissue samples 
were fixed in Bouin’s solution, embedded in paraffin, cut at 
5 μm-thick serial sections and transferred onto microscopic 
slides. After dewaxing and rehydration, the sections were 
stained with hematoxylin and eosin. 

Histological analysis of spermatogenesis included  
a qualitative and quantitative evaluation of seminiferous 
epithelium in 50 tubules and calculation of the modified 
Johnsen Score (JS) was performed to confirm the histolog-
ical pattern of complete SCOS and NOR in the biopsies. 

Morphometric analysis. Morphometric measurements of 
seminiferous tubules diameter (STD), the thickness of tubular 
membrane (TM) as well as the areal fraction of the biopsy 
occupied by intertubular space (AFIS) were performed with 
utilization of an image analysis system. The system consists of an 
Eclipse E600 light microscope with a connected camera Nikon 
DS-Fi1c and software NIS-Elements AR Ver. 3.2 for image 
analysis (Nikon, Tokyo, Japan). Slides were viewed and docu-
mented at 100× and 200× total magnification (objective 10×).

The measurements of STD and TM were performed in 
tubules with a circular shape. For each tubule the length of 
two diameters was measured. Measurements were taken 

from 25 tubules for each testis, at 200× magnification, and 
then the mean value was calculated.

To measure AFIS, the microscopic image of the biopsy 
was visualized on a computer screen where, with the use of 
an image analysis software, a standardized frame of a known 
size was placed. The size of the frame was 870 × 652 μm  
which corresponds to an area of 567 240 μm2 covered in the 
microscopic image of the biopsy at a 100× magnification. 
For each testicular biopsy an area of every single seminifer-
ous tubule or its part present inside the frame was manually 
delineated (Fig. 1). The total area of intertubular space (IS) 
was then calculated by subtraction of the total area of seminif-
erous tubules from the frame area. In each case the data were 
collected from 10 images per each slide which corresponds to 
analyzed area of 5.7 mm2. Finally, the AFIS was calculated 
as a percentage of the analyzed biopsy area occupied by IS.

The normal values of STD, TM and AFIS were defined 
upon the data of previous studies [19, 21, 22]. The following 
values were recognized as parameters of testicular dysgen-
esis: STD < 150 μm, TM (> 10 μm) and AFIS (> 40%). 

Assessment of Leydig cells. Semi-quantitative assessment of 
Leydig cells number was performed by scoring created by 
Guminska et al. (2007) according to which a specific point 
value was assigned to number of Leydig cells observed in  
a particular IS as follow:
— 0 Leydig cells — 0 points;
— 1–5 Leydig cells — 1 point;
— 6–10 Leydig cells — 2 points;
— 11–30 Leydig cells — 3 points;
— > 30 Leydig cells (nodules of Leydig cells) — 4 points.

Figure 1. Seminiferous tubule delineation in a testis biopsy 
from the control group. The image shows seminiferous tu-
bules cross-sections outlined in yellow using NIS-Elements 
AR ver. 3.2 software (Nikon). The frame used to cover the 
specific area of testis cross-section is marked in red and corre-
sponds to 567240 μm2 of the microscopic image. Magnification 
100×, scale bar — 100 μm.
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Leydig cells, arranged both as isolated cells or clusters, 
were recognized by their morphological features and location 
in the interstitial tissue. The morphological features included: 
1) eccentric, regular round or oval nucleus, usually with one 
or two prominent nucleoli, 2) the nucleus surrounded by 
abundant eosinophilic cytoplasm. The cells are usually located 
adjacent to the seminiferous tubules or near blood vessels. 

In each biopsy specimen 100 triangular IS were evaluated 
and a mean number of points was calculated. Leydig cells score 
(LC-score) > 2 points was considered as abnormal [21, 23].

Statistical analysis. The Statistica 13.1 software (StatSoft, 
Kraków, Poland) licensed by Medical University of Lodz was 
used for statistical analysis. To test the normality of obtained 
data the Shapiro-Wilk test was used. Due to a non-normal 
distribution of the majority of variables, non-parametric 
statistics were used. Medians and percentiles (2.5–97.5) 
were used for descriptive data. Between group differences 
were tested by Mann-Whitney U test. Nonparametric Spear-
man’s rank correlation coefficient (rs) was used to evaluate 
statistical relationship between continuous variables. The 
value of rs was interpreted as follows: < 0.2 — lack of linear 
dependence, 0.2–0.4 — weak dependence, > 0.4–0.7 — 
moderate dependence, > 0.7–0.9 — strong dependence,  
> 0.9 — very strong dependence. A p value below 0.05 was 
considered statistically significant.

Results

Histological and morphometric analysis 
The evaluation of spermatogenesis confirmed the 
histological pattern of complete SCOS (JS ≤ 2) and 
NOR (JS ≥ 8) in our subjects biopsies. Representative 
microphotographs of testicular tissue from SCOS and 
NOR subjects are shown in Figure 2.

The data concerning subjects’ age, both testicles 
volume, morphometric analysis and LC-score are 
presented in Table 1. There was no difference in age 
between the subjects from the studied groups. In 
SCOS group the testes volume as well as STD were 
significantly lower when compared to NOR group  
(p < 0.001; p < 0.001, respectively). On the contrary, 
other morphometric features, i.e. TM and AFIS, were 
significantly higher (p < 0.001; p < 0.001, respective-
ly). We found that abnormal morphometric features, 
which are recognized as parameters of testicular 
dysgenesis (STD < 15 μm, TM > 10 μm, AFIS > 
40%), were present in biopsies of 12/49 SCO subjects 
(25%), whereas only 3/49 biopsies in this group (6%) 
presented normal values. In the remaining 69% of 
biopsies with SCOS we found two (15/49; 30%) or 
one (19/49; 39%) abnormal morphometric features. 
The most frequent was STD (31/49; 64%), then AFIS 
(30/49; 61%), and the least frequent — TM (23/49; 

47%). In the NOR group all biopsy presented normal 
value for all the studied morphometric parameters.

The Leydig cell score was significantly higher in 
SCOS group (p < 0.001) when compared to NOR 
group. The LC-score above 2, which is consider ab-
normal, was present in 26/49 (53%) of SCOS biopsies, 
and in none biopsy in NOR group. Moreover, larger 
cluster of LC (LC-score between 3 and 4 points) was 
observed in 18/49 of SCOS biopsies (36%).

Hormonal levels
The hormone levels and ratios are presented in  
Table 2. In SCOS group the subjects had significantly 
higher levels of gonadotropins in comparison to the 
control group (FSH, p < 0.001; LH, p < 0.001). The 
total serum T concentration did not differ between 
the studied groups; however, the T/LH ratio was 
significantly decreased in SCOS group (p < 0.001). 
Considering the cut-off value for T/LH ratio, which 
was established by Lardone et al. [16], 13/40 (35%) 
subjects from SCOS group had T/LH < 2, and the 
remaining 27/40 (65%) had T/LH ≥ 2. All NOR sub-
jects had T/LH ≥ 2. 

Increased areal fraction of intertubular space 
(AFIS) and decreed seminiferous tubule diameter 
(STD) with concomitant appearance of increased 
Leydig cell score in SCOS patients
To answer the question if increased Leydig cell num-
ber appears concomitantly with increased AFIS and 
decreased tubule diameter we checked the incidence 
of concomitant appearance of all three features in 
the analyzed biopsies. We found that abnormal AFIS  
(> 40%) and STD (< 150 μm) values were present 
in 43% of biopsies with SCOS (21/49) and among 
them in 81% (17/21) we found an increased LC-score  
(> 2). On the other hand, we found that normal values 
for both AFIS (≤ 40%) and STD (≥ 150 μm) were 
present in 16% (8/49) of SCOS biopsies and almost in 
all cases, except one, the LC-score was normal (≤ 2) 
(88%; 7/8). In cases where AFIS value was abnormal 
and STD normal (20%; 10/49) we found that in only 
three biopsies (30%; 3/10) the LC-score was abnor-
mal. Similar results were found in biopsies where 
AFIS value was normal and STD abnormal (20%; 
10/49). In biopsies of those patients the abnormal 
LC-score was also present in 30% of biopsies (3/10). 

Relationshisps between morphometric parameters 
and serum hormone concentrations
Relationships between morphometric features of 
testicular dysgenesis and serum levels of FSH, LH, 
T, as well as the parameters of Leydig cells function  
(T/LH ratio and LC-score) are shown in Table 3. 
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Considering collectively all the normal subjects 
and patients FSH and LH levels correlated nega-
tively with STD (p < 0.001) and positively with TM  
(p < 0.001), AFIS (p < 0.001) and LC-score  
(p < 0.001). In SCOS group FSH and LH levels cor-
related positively with AFIS (p < 0.05) and LC-score  
(p < 0.05) while in NOR group the only observed  
correlation was between FSH levels and AFIS  
(p < 0.05). 

The T/LH ratio correlated positively with STD  
(p < 0.05) and negatively with TM p < 0.001), AFIS 
(p < 0.001) and LC-score (p < 0.01) when considered 
all the subjects. Those correlations were not observed 
in the NOR group while in SCOS group T/LH ratio 
correlated negatively only with AFIS (p < 0.05). In all 
the subjects, LC-score correlated negatively with STD 
(p < 0.001) and positively with AFIS (p < 0.001) but 
not with TM. There were no statistically significant 

Figure 2. Histological structure of testicular biopsies from the control and SCOS group. A. Normal spermatogenesis: over-
view of well-developed seminiferous tubules (ST) that show a clear lumen, all stages of germ cell maturation and normal 
intertubular space (ITS). B. Enlargement of A: visible Leydig cells (LC) clusters of normal size; tubular basement membrane 
of normal thickness (arrow). C. Sertoli cell-only syndrome: overview of underdeveloped STs with small diameters; tubules 
contain only mature Sertoli cells, ITS is wide. D. Enlargement of C: in ITS visible LC cluster of normal size; thickness of 
tubular basement membrane is increased (arrow). E. Sertoli cell-only syndrome: overview of underdeveloped ST with small 
diameter; tubules contain only mature Sertoli cells, ITS is slightly wider than in (A). F. Enlargement of C: in ITS visible 
large LC cluster (aggregation) (LCA); thickness of basement membrane is increased (arrow). Magnifications and scale bars:  
A, C, E — 100×, bar — 100 μm; B, D, F — 200×, bar — 50 μm.
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correlations between LC-score and morphometric 
features in control group, while in SCOS LC-score 
negatively correlated with STD (p < 0.001) but not 
with AFIS or TM; however, the correlation between 

AFIS and LC-score was close to statistical significance 
(p < 0.056) (Table 3). Additionally, STD correlated 
negatively with AFIS (r = –0.61, p < 0.001) in the 
whole group and this association was also noticed in 

Table 1. Comparison of age, both testes volume and histolo-
gical morphometric features between SCOS and NOR groups

SCOS
n = 49

NOR (control)
n = 15

Median (2.5–97.5 percentile)

Age 31 (19.6–43.8) 29.5 (23.4–38.2)

Both testes volume [mL] 16.0 (5.7–30.0)a 30.0 (22.8–40.6)

Morphometry

STD [μm] 141.7 (93.4–187.8)a 190.2 (178.0–224.1)

TM [μm] 9.8 (5.7–17.5)a 6.4 (4.6–9.8)

AFIS (%) 47.6 (25.3–79.6)a 27.6 (20.3–39.6)

LC-score (points) 2.2 (1.0–4.0)a 1.1 (1.0–1.8)

SCOS — Sertoli cell-only syndrome; NOR — normal spermatogenesis; 
STD — seminiferous tubule diameter; TM — tubular membrane thick-
ness; AFIS — areal fraction of intertubular spaces; LC — Leydig cells; 
ap < 0.001; SCOS vs. NOR (Mann-Whitney U test)

Table 2. Comparison of serum hormonal profile between 
SCOS and NOR groups

SCOS 
n = 40

NOR (control)
n = 15

Median (2.5–97.5 percentile)

FSH [mIU/mL] 19.9 (7.1–34.4)a 3.4 (1.8–6.4)

LH [mIU/mL] 7.1 (2.2–26.3)a 4.2 (2.4–6.4)

Testosterone (T) nmol/L 14.6 (7.8–27.4) 13.2 (8.5–25.7)

T/LH ratio 2.3 (0.3–5.3)a 3.8 (2.3–6.6)

SCOS — Sertoli cell-only syndrome; NOR — normal spermatogenesis; 
ap — < 0.001 — SCOS vs. NOR (Mann-Whitney U test)

Table 3. Spearman’s rank correlations (rs) between morphometric features, hormone values and parameters of Leydig cell 
dysfunction in all subjects, SCOS and NOR groups 

Total

n = 55 STD [μm] TM [μm] AFIS (%) LC-score

FSH [mIU/mL] –0.61c 0.53c 0.53c 0.50c

LH [mIU/mL] –0.30c 0.37c 0.46c 0.47c

Testosterone (T) [nmol/L] –0.01 –0.10 –0.01 0.19

T/LH ratio 0.22a –0.34c –0.42c –0.26b

LC-score –058c 0.21 0.40c –

NOR (control)

n = 15 STD [μm] TM [μm] AFIS (%) LC-score

FSH [mIU/mL] 0.17 –0.06 0.53a –0.33

LH [mIU/mL] –0.51 0.05 0.21 0.15

Testosterone (T) [nmol/L] –0.16 –0.39 0.26 0.02

T/LH ratio 0.33 –0.34 0.30 0.09

LC-score –0.40 0.01 –0.04 –

SCOS

n = 40 STD [μm] TM [μm] AFIS (%) LC-score

FSH [mIU/mL] –0.19 0.17 0.41a 0.40a

LH [mIU/mL] –0.12 0.31 0.37a 0.40a

Testosterone (T) [nmol/L] –0.015 –0.04 –0.05 0.17

T/LH ratio 0.02 –0.25 –0.36a –0.19

LC-score –0.48c 0.06 0.28 –

SCOS — Sertoli cells only syndrome; NOR — normal spermatogenesis; STD — seminiferous tubule diameter; TM — tubular membrane thickness; AFIS 
— areal fraction of intertubular space; LC — Leydig cells; ap < 0.05; bp < 0.01; cp < 0.001
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SCOS group (r = –0.43, p < 0.002), but not in the 
NOR group. 

Discussion

In the present study we performed histological eval-
uation of testicular tissue with the pattern of SCOS 
and normal spermatogenesis focusing on detailed 
assessment of morphometric features of seminiferous 
tubules and intertubular space, as well as Leydig cell 
function. Moreover, we looked for associations be-
tween analyzed histological parameters and hormonal 
profile of the subjects. 

As expected, the majority of our SCOS subjects 
had evident signs of testicular impairment presented 
by increased FSH and LH serum levels. We did not 
observed any abnormal levels of T when compared 
with men presenting normal spermatogenesis. Some 
earlier studies reported decreased serum levels of T in 
men with infertility; however, in most of those studies 
the patients were recruited by their seminal param-
eters or fertility status [14, 24, 25]. Similarly to our 
results, the decrease in T levels was not found in some 
other studies, where the subjects were selected and 
grouped according to histological pattern of testicu-
lar biopsy [7, 12, 16, 26]. The observed discrepancies 
may be explained by the fact that there is an extensive 
overlap between fertile and infertile men hormones’ 
levels which may mask, to some extent, the differenc-
es between studied groups depending on selection 
criteria. Moreover, it appears that in some cases  
a type of control group may also be the reason for 
the discrepancies (seminal normozoospermia vs ob-
structive azoospermia with normal spermatogenesis in 
histological evaluation) [12]. We cannot also exclude 
that our group of patients, similarly to those in other 
histological studies mentioned above, is too small to 
reveal some minor differences between groups, which 
have been shown in larger populations [14]. 

However, despite the lack of differences in T levels 
between groups in the present study, we observed 
prominent decrease in T/LH ratio in SCOS group. 
This finding is in line with previous observations 
that impaired spermatogenesis is associated with de-
creased T/LH ratio, which is believed to be a result of 
Leydig cell dysfunction manifested by increased LH 
level and low-normal or decreased T level [7, 14–16, 
24, 26–28]. 

It is well documented, that in the testes with dis-
turbed spermatogenesis the increase in Leydig cell 
number may be observed [7, 12, 15]. There is evidence 
from animal models that increased number and im-
paired function of Leydig cells present in adulthood 
are the result of disturbed testicular organogenesis 

due to exposure to endocrine disruptors during fetal 
life [29, 30]. Thus, it has been suggested that in some 
of the infertile men the impaired function of Leydig 
cells as well as their hyperplasia may be symptoms of 
testicular dysgenesis [14, 15].

Apart from the increased number of Leydig cells 
and the hormonal symptoms of their functional im-
pairment, features of disturbed testicular organogen-
esis may be also observed [19, 31, 32]. In the present 
study we have shown that morphometric features of 
testicular dysgenesis were present in 25% of testes 
with SCOS. The incidence of decreased STD or in-
creased AFIS were the most frequent and constituted 
more than 60% of all cases and in 43% they appeared 
concomitantly. 

It was shown previously that the degree of spermat-
ogenic impairment correlates with the prevalence of 
dysgenetic features such as decreased STD, increased 
TM, AFIS and increased number of Leydig cells [19]. 
We observed that the increased TM was seen in almost 
half of the testes with SCOS. The results are in line 
with previous studies reporting that impaired spermat-
ogenesis is associated with alterations of TM thickness 
due to increased accumulation of extracellular matrix 
and that the degree of the pathology correlates well 
with disturbances of spermatogenesis [33–36]. There 
are reports that thickening of the lamina propria is not 
secondary to germ cell loss and it seems to be always 
associated with the maturation of Sertoli cells, like in 
human cryptorchid testes or in Klinefelter syndrome 
[37, 38]. In dysgenetic testes preserved until adulthood 
the thickness of TM increases with the advancing age, 
while STD remains at the pre-pubertal level [19]. In 
cryptorchid testes the thickening of TM was observed 
already in 1–3-year-old boys, and it was associated 
with the inhibited maturation and disturbed functional 
relationships between Sertoli, Leydig and peritubular 
cells [39, 40]. The thickening of TM was also report-
ed in patients suffering from seminoma, varicocele, 
orchitis or cancer of the prostate [35, 38, 41]. 

We also found increased point value of LC-score 
in SCOS in comparison with NOR group. Moreover, 
LC-score correlated positively with LH serum levels 
and negatively with T/LH ratio (when considered all 
subjects), what suggests a possible impairment of Ley-
dig cell function, in line with previous reports [7, 12, 
15]. It was suggested that impairment of spermatogen-
esis and Leydig cell function might reflect disturbed 
paracrine communication between the seminiferous 
epithelium and the Leydig cells, triggered by distorted 
function of the seminiferous epithelium, specifically 
Sertoli cells. However, it cannot be excluded that the 
parallel impairment of spermatogenesis and Leydig 
cells may reflect a congenital dysfunction of both 
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compartments caused by testicular dysgenesis during 
fetal/infant development [14]. It is hypothesized that 
the increased number of Leydig cells per clusters in 
biopsies with impaired spermatogenesis may be the 
result of smaller STD and thus ‘shrinkage’ of tubular 
compartment resulting in regrouping of Leydig cell to 
form larger cluster [15]. In such situation we should 
expect that concomitantly with decreased STD due 
to the impairment of spermatogenesis an increased 
AFIS might be seen with increased Leydig cell num-
ber. In fact, in majority of our SCOS biopsies (81%) 
presenting decreased STD and increased AFIS, we 
found an abnormal LC-score, which may support 
this hypothesis. However, there is still 19% of the 
SCOS biopsies where despite of decreased STD and 
increased AFIS the LC-score was normal. However, 
there is another possible explanation of increased 
Leydig cell number per cluster present in testes with 
impaired spermatogenesis. One can assume that it 
may be the result of prolonged proliferation of these 
cells during development caused probably by a lack of 
paracrine communication between impaired seminif-
erous epithelium and Leydig cells, with the secondary 
LH increase causing hyperstimulation of LCs [15]. 
Indeed, we observed that there are still some biopsies 
(40%) where despite increased LC-score only one 
from the morphometric parameters (AFIS or STD) 
was abnormal, suggesting that in these cases the for-
mation of larger cluster of Leydig cells might not be 
connected with ‘shrinkage’ of tubular compartment. 
Moreover, we found that in all cases the LC-score 
negatively correlated with STD and, consequently, 
positively with AFIS. However, in SCOS group only 
the correlation between STD and LC-score was 
consistently observed. It may suggest that in some of 
the SCOS biopsies the presence of wide intertubular 
space may be an independent feature of disturbed 
testicular organogenesis. In addition, the presence 
of higher AFIS correlated positively with FSH levels 
in both study groups, while the positive correlation 
with LH and negative with T/LH was observed only 
in SCOS group.

In conclusion, we have shown that substantial num-
ber of testes from subjects with SCOS presented ab-
normal morphometric features which are recognized 
as the signs of testicular dysgenesis. Additionally, the 
finding of increased number of Leydig cells simulta-
neously with abnormal T/LH ratio suggests impaired 
function of these cells. Increased serum levels of LH, 
and also FSH, may reflect Leydig cells dysfunction. It 
seems that reproductive hormones levels reflect also 
the condition of testicular structure, and that FSH 
may be related to the changes in intertubular space 
area independently of impaired Leydig cell function.
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Abstract
Introduction. Preeclampsia (PE) is a major contributor to maternal and foetal morbidity and mortality worldwide. 
It manifests as high blood pressure and proteinuria in women at more than 20 weeks of gestation. Abnormal 
levels of anti- and pro-angiogenesis factors are known to be associated with PE. In the present study, we aimed 
to determine the localisation of angiogenic factor with G patch and FHA domains 1 (AGGF1) in the placenta 
and to compare the expression levels of AGGF1 in the third-trimester placentas of preeclamptic and normo-
tensive pregnancies. 
Materials and methods. Placental tissue samples were collected from women with PE (n = 28) and without PE 
(n = 28). The normotensive controls without PE were matched for gestational age at delivery with the patients 
with PE. The expression levels of AGGF1 in the placental tissues were evaluated using immunohistochemistry, 
quantitative reverse transcription polymerase chain reaction and Western blot. 
Results. The immunoexpression of AGGF1 was localised in the syncytiotrophoblast tissue. Notable, the mRNA 
and protein expression levels of AGGF1 were decreased in preeclamptic placentas as compared with the nor-
motensive control group (P < 0.05). 
Discussion. Our results suggest that the decreased AGGF1 in preeclamptic placentas may be related to the 
pathogenesis of preeclampsia. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 2, 83–89)

Key words: angiogenesis; AGGF1; preeclampsia; placenta; syncytiotrophoblast; IHC; qPCR; WB

Introduction

Preeclampsia (PE), which affects 3–6% of all preg-
nancies, is a major contributor to maternal and foetal 
morbidity and mortality worldwide [1, 2]. It can be 

diagnosed by the combined presentation of high 
blood pressure and proteinuria after 20 weeks of 
gestation. The current definition of PE also includes 
maternal organ dysfunction [3, 4]. Despite advances 
in PE research, its aetiology and pathogenesis remain 
unclear [5].

Angiogenesis refers to the formation of new blood 
vessels from existing vasculature [6]. Placental angi-
ogenesis can dramatically influence the outcome of 
pregnancies. During pregnancy, a vascular network 
is built between the mother and the foetus. Aberrant 
vascularization during this process may results in im-
balance between pro-angiogenic and anti-angiogenic 
factors [7–10]. 

In pregnant women with PE, placental tissue 
overproduces two important anti-angiogenic pro-
teins, which enter into maternal circulation: soluble 
endoglin (sEng) and soluble fms-like tyrosine kinase-1 
(sFlt1). Furthermore, these patients have low circulat-

mailto:oywx6222@163.com
mailto:hb_wang1969@sina.com


84 Lan-fen An et al.,

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2020
10.5603/FHC.a2020.0016

www.journals.viamedica.pl/folia_histochemica_cytobiologica

ing blood levels of two pro-angiogenic factors: vascu-
lar endothelial growth factor (VEGF) and placental 
growth factor (PlGF) [11, 12]. Zeisler et al. showed 
that the sFlt1/PlGF ratio is elevated in pregnant 
women before the clinical onset of PE. However, the 
predictive value of this ratio is not clear, although 
it can be used to predict the short-term absence of 
PE [13]. These angiogenesis factors are well-known 
biomarkers of PE and have been implicated in its 
pathophysiology [14, 15].

Angiogenic factor with G patch and FHA do-
mains 1 (AGGF1, also known as VG5Q), a newly 
described angiogenic factor, is encoded on chromo-
some 5q13.3. The full-length AGGF1 complementary 
DNA (cDNA) encodes a protein with 714 amino 
acids, which contains a forkhead-associated domain 
(FHA), a G-patch domain, and a coiled-coil motif, 
the functions of these domains are unknown [16, 17]. 
Recent studies have shown that the purified AGGF1 
protein can promote angiogenesis as potently as 
VEGF in chick embryos, and that the knockdown 
of AGGF1 expression can inhibit endothelial vessel 
formation [18, 19]. However, whether AGGF1 plays 
a role in the development of preeclampsia remains 
to be addressed.

The roles of many angiogenic factors in the de-
velopment of PE have aroused wide concern in the 
past few decades. However, the expression pattern of 
AGGF1 in the placenta has not been investigated yet. 
In this study, we aimed to investigate the localisation 
of AGGF1 expression in the placenta and to analyse 
the difference in the expression patterns of AGGF1 
in third-trimester placentas from preeclamptic and 
normotensive pregnancies. 

Materials and methods

Ethical approval. The protocols for this study were approved 
by the Ethics Committee of Union Hospital, Tongji Medical 
College, Huazhong University of Science and Technology, 
Wuhan, China. All patient-derived tissue samples were 
obtained after receiving informed written consent from 
the patients.

Study populations. All placentas were obtained after cae-
sarean sections performed at the Union Hospital between 
January 2016 and December 2016. The study groups con-
sisted of 28 preeclamptic pregnancies and 28 normotensive 
pregnancies. All participants were at more than 28 weeks 
of gestation. PE is traditionally diagnosed if the patient 
presents with hypertension (blood pressure ≥ 140/90 mmHg) 
and proteinuria (≥ 300 mg/24 h) after week 20 of gestation. 
In the absence of proteinuria, hypertension combined with 
maternal organ dysfunction, such as thrombocytopenia, liver 
involvement, renal insufficiency, pulmonary oedema, or 
new-onset cerebral or visual symptoms can also be diagnosed 
with PE [3, 4]. Exclusion criteria for patients in this study 
included multiple pregnancies, tobacco use, cardiovascular 
diseases, diabetes mellitus, rupture of membranes, foetal 
structural or genetic anomalies, blood diseases, severe 
pre-existing metabolic disorders, and infectious diseases. 
Controls were normotensive women without any pregnan-
cy-related complications or chronic problems. The clinical 
characteristics of the patients are summarized in Table 1. 

Sample collection and preparation. Immediately after cae-
sarean section, placental tissue (~10 g each) was collected 
from the area around the umbilical cord attachment site 
by cutting a vertical plane through the full thickness of an 

Table 1. Clinical characteristics of patients with preeclamptic and normotensive pregnancies

Parameters Preeclamptic (n = 28) Normotensive (n = 28)

Maternal age (years) 30.32 ± 5.54 29.86 ± 4.34

BMI in pregnancy [kg/m2] 27.89 ± 3.25 26.58 ± 2.44

Gestational age (weeks) 36.77 ± 3.24 38.02 ± 1.07

SBP at delivery [mm Hg] 0155.9 ± 15.5* 113.8 ± 7.80

DBP at delivery [mm Hg] 0100.2 ± 21.4* 75.9 ± 7.50

Proteinuria† 100% (28/28)* 0% (0/28)

Newborn weight [g] 2683 ± 860* 3416 ± 289

1-Min Apgar score 14.3% (4/28)* 0% (0/28)

5-Min Apgar score 7.14% (2/28)* 0% (0/28)

Data are presented as mean ± SD or percentage (number/total). *P < 0.05 compared to normotensive control, Student’s t-test. †Quantity of 24-hour protein 
excretion ≥ 300 mg/24 h is proteinuria positive and ≤ 300 mg/24 h is proteinuria negative. Abbreviations: BMI — body mass index in pregnancy; SBP — 
systolic blood pressure; DBP — diastolic blood pressure.
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apparently normal area, including both the maternal and 
foetal surfaces. Tissues with calcification or clots were 
excluded. The collected tissues were washed with sterile 
phosphate-buffered saline (PBS) and placed in 10% for-
malin and embedded in paraffin for immunohistochemical 
(IHC) analysis. The remaining parts of the placental seg-
ments were aliquoted and stored at –80°C for RNA and 
protein extraction. 

Immunohistochemistry. The expression patterns of AGGF1 
in the placental tissues were evaluated. The placental tissues 
embedded in paraffin were sectioned into slices 4 μm thick 
and incubated with rabbit polyclonal antibodies against 
AGGF1 (5.0 μg/ml; Abcam, Cambridge, MA, USA). The 
sections were then deparaffinised and rehydrated in graded 
ethanol before antigen retrieval was performed in citrate 
buffer (pH 6.0) for 3 min at full pressure using a pressure 
cooker. To inhibit the activity of endogenous peroxidase, 
the sections were then treated with 3% hydrogen peroxide 
for 5 min. Next, blocking was performed by incubating the 
sections in a solution of 0.01 mol/L Tris, 0.3% Triton X-100, 
and 10% normal goat serum for 30 min, after which they 
were incubated overnight at 4 °C with the primary antibody. 
After rinsing in phosphate-buffered saline (PBS), the sec-
tions were incubated with peroxidase-labelled anti-rabbit 
immunoglobulin G (IgG) for 30 min. Finally, all slides 
were incubated with DAB (Beyotime, Shanghai, China) 
before being rinsed with distilled water, counterstained 
with haematoxylin, dehydrated, and mounted. A Motic 
microscope (Motic, Xiamen, China) was used to visualise 
and photograph the slides. Semiquantitative evaluation 
of immunohistochemical (IHC) reaction was performed 
by two observers who were blinded to the identity of the 
slides. Remmele and Schicketanz immunoreactive score 
(IRS) and IHC score (IHS) were selected to analyse the 
data [20]. The IHSs were determined based on the staining 
intensity (SI) and the percentage of immunoreactive cells 
(PR). The SI scale was divided into four categories (0 = no  
staining, 1 = weak staining, 2 = moderate staining, and  
3 = strong staining), and the PR scale was divided into five 
categories (0 = no staining, 1 = 1–10% staining, 2 = 11–50% 
staining, 3 = 51–80% staining, and 4 = 81–100% staining). 
A final semiquantitative score ranging from 0 to 12 points 
was calculated for each sample. Samples with IHS above  
4 were considered positive, and those with IHS below 4 were 
considered negative.

RNA isolation and quantitative reverse transcription poly-
merase chain reaction (qRT-PCR). Total RNA was isolated 
from the placental tissues using RNAiso Plus (TaKaRa, 
Tokyo, Japan), according to the manufacturer’s protocol. 
The RNA quality and purity were determined spectrophoto-
metrically (NanoDrop; Thermo Fisher Scientific, CA, USA). 

Samples with optical density260/280 ratios between 1.8 and 
2.0 were chosen for the subsequent steps. One microgram 
of total RNA from each sample was reverse transcribed 
into cDNA in a 20-μl using PrimeScriptTM RT Master Mix 
(TaKaRa), which was stored at –20°C for further analysis. 
Quantitative PCR was performed using the cDNA as the 
template. SYBR Premix Ex Taq II (TaKaRa) was used for 
the PCR. Each reaction mixture contained 5 μl 2× SYBR 
Taq II, 0.2 μM forward PCR primer, 0.2 μM reverse PCR 
primer, 0.2 μl 50 × ROX reference dye, 1 μl cDNA, and 
3.4 μl sterile distilled water for a final volume of 10 μl. The 
qRT-PCR was performed using the pre-set PCR program 
in StepOnePlusTM Real-Time PCR System (Applied Bio-
systems, Waltham, MA, USA) to quantify mRNA expres-
sion levels, with GAPDH as internal control. Primers for 
the RT-PCRs were synthesized based on the GenBank 
database. The primer sequences were: GAPDH, forward 
primer: 5’-ACCACAGTCCATGCCATCAC-3’, reverse 
primer: 5’-TCCACCACCCTGTTGCTGTA-3’; AGGF1, 
forward primer: 5’-AAACGTAGGAGCAGGTTGG-3’, re-
verse primer: 5’-TGAGGATGGTTTGCCTGTCC-3’. The 
qRT-PCR consisted of a denaturation step at 95°C for 30 s,  
40 cycles of an annealing step (95°C for 5 s, 65°C for 30 s,  
and 60°C for 45 s), and an extension step at 72°C for 60 s.  
The expression of target genes was established using the 
comparative cycle threshold (Ct; 2–DDCT) method.

Western blot. The placental tissues were homogenized on 
ice for 30 min in pre-cooled RIPA buffer. The homogen-
ates were centrifuged at 12000 g for 15 min at 4°C and the 
supernatants were collected. After isolating the protein from 
the tissues, the concentration of lysates was determined 
in the samples using a bicinchoninic acid protein assay kit 
(Beyotime). After boiling the samples for 10 min, equal 
amounts of the proteins (30 μg) were separated using 10% 
SDS-PAGE and transferred to 0.45-μm polyvinyl difluoride 
(PVDF) membranes in 20% methanol and 0.1% SDS. These 
mixtures were then blocked for 1 h at room temperature with 
0.1% TBST (20 mM Tris-HCL, 500 mM NaCl, and 0.05% 
Tween 20 at pH 7.5) with 5% fat-free dried milk power. 
The membranes were then separately incubated overnight 
at 4°C with rabbit polyclonal AGGF1 antibody (1.0 μg/ml;  
Abcam), and rabbit monoclonal GAPDH antibody  
(0.33 μg/ml; Affinity, Cincinnati, OH, USA). After washing 
and incubation with the secondary anti-rabbit antibody  
(0.2 μg/ml; Affinity) for 1 h at room temperature, the 
membranes were washed again and visualised using ECL-
PLUS (Amersham Biosciences, Uppsala, Sweden). Finally, 
the intensity of the bands obtained was quantified using 
Image-Pro Plus (Media Cybernetics, Rockville, MD, USA).

Statistical analysis. All the data obtained were normally 
distributed, and all statistical analyses were performed 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Remmele%20W%5BAuthor%5D&cauthor=true&cauthor_uid=8302707
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schicketanz%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=8302707
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using GraphPad Prism 5 (GraphPad Software Inc., San 
Diego, CA, USA). The results were presented as mean ± 
standard deviation (SD). Comparisons between groups were 
performed using Student’s t-test. The chi-square test was 
used to analyse categorical variables. Statistical significance 
was defined as P < 0.05.

Results

Twenty-eight paired tissue samples were analysed 
by immunohistochemistry for AGGF1 expression. 

AGGF1 expression was localised in syncytiotropho-
blasts. Positive expression of AGGF1 was found in 
both normotensive (18/28) and preeclamptic (9/28) 
samples. The immunohistochemical expression of 
AGGF1 in 32% of preeclamptic placentas (Fig. 1A) 
were dramatically decreased (P < 0.05) than those in 
normotensive ones (Fig. 1B). However, the majority 
(68%) of patients with preeclampsia did present 
AGGF1 immunoreactivity (Fig. 1C). Immunohisto-
chemical scores of AGGF1 in two groups were shown 
in Figure 1D.

Figure 1. AGGF1 immunoreactivity in human placenta. Immunolocalisation of AGGF1 in placentas of patients with preec-
lampsia (A) and normotensive patients (B). (C). No AGGF1 immunoreactivity in tissue section of a patient with preeclampsia. 
(D). Immunohistochemical scores of AGGF1 in placentas of patients with preeclampsia (PE) and normotensive patients 
(Con) (4.21 ± 3.11 vs. 6.61 ± 3.59, respectively). Green arrows indicate syncytiotrophoblasts. The AGGF1 localises in the 
syncytiotrophoblastic layer of placental villi. *P = 0.0101, PE vs. Con. AGGF1 — Angiogenic factor with G patch and FHA 
domains 1. 
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The mRNA levels of total AGGF1 were also 
significantly decreased in the PE group than in the 
normotensive controls (Fig. 2A). The presence of the 
AGGF1 protein in placental tissues was determined 
by Western blot (Fig. 2B). The AGGF1 antibody 
detected one major band at approximately 84 kDa, 
which is similar to the reported molecular weight of 
AGGF1 (Fig. 2C) [19]. Protein levels of AGGF1 were 
lower (P < 0.05) in preeclamptic placentas than in 
normotensive ones.

Discussion

The gene encoding AGGF1 has been discovered in 
2004 [19], and its physiological relevance needs to 
be further studied, especially in relation to PE. In 
the present study, we demonstrated that AGGF1 
expression was localised by immunohistochemistry 
in the syncytiotrophoblasts of 64.3% of normotensive 
term placenta and 32.1% of preeclamptic placenta. 
Moreover, the mRNA and protein expression levels 
of AGGF1 were significantly lower in placental tissues 
from pregnancies complicated with PE than in those 
from normotensive pregnancies in the whole studied 
groups of patients.

Placental development involves the cooperation 
and proper functioning of various cell types [21]. 

Trophoblast tissue, the most critical component of 
placenta, acts as the interface between foetal and 

maternal tissues. Both cytotrophoblast’s cells and 
syncytiotrophoblast of the placental villi release 
numerous angiogenic factors and present also their 
receptors [22].

Decreased AGGF1 expression in preeclamptic 
syncytiotrophoblast tissue of some preeclampsia 
patients may not be a specific characteristic of PE, 
but it is possibly associated with abnormal placental 
ischaemia and hypoxia in PE patients. Hypoxic re-
gions are known to exist in and be important for the 
pathology of many diseases, including preeclampsia 
[23–25]. Placental ischaemia is considered a major 
pathogenic mechanism underlying PE and is known 
to result in hypoxia [26]. The ability of cells to adapt to 
hypoxia is important for survival in both physiological 
and pathophysiological states [27, 28].

Xu et al. reported that AGGF1 was down-regulat-
ed in human high-grade urothelial cancer cells after 
exposure to hypoxia, and this down-regulation may 
partly reduce hypoxia-induced apoptosis of the cancer 
cells [29]. However, the mRNA levels of AGGF1 were 
not different in hypoxic and normoxic conditions in 
cell cultures [29]. Conversely, Lu et al. reported that 
AGGF1 expression increased in response to hypoxia 
in endothelial cells that isolated from mouse hearts, 
which suggested that ischaemia induced AGGF1 ex-
pression in myocardial infarction mouse model [30]. 
Wang et al. reported that AGGF1 expression was 
up-regulated in hepatocellular carcinomas (HCCs), 

Figure 2. mRNA and protein expression levels of AGGF1 in placental tissues of patients with preeclampsia (PE) and nor-
motensive patients (Con) assessed by qRT-PCR and Western blot. A. AGGF1 mRNA levels were lower in preeclamptic than 
control placentas (8.70 ± 2.28 vs. 20.13 ± 4.88 respectively, P = 0.0385). B. AGGF1 protein levels, as assessed by Western 
blot, were lower in preeclamptic than control placentas (1.00 ± 0.08 vs. 1.46 ± 0.14, respectively, P = 0.0054). C. Repre-
sentative Western blots show the expression levels of AGGF1 protein in the studied groups. Bands were observed at 84 and  
36 kDa, corresponding to the sizes of AGGF1 and GAPDH, respectively. *P < 0.05; **P < 0.01, preeclamptic placenta 
tissue (PE) vs. normotensive placenta tissue (Con).
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compared to adjacent non-cancerous tissues and that 
a significant correlation (r = 0.548, 70 cases) was 
found between tumoural expression of VEGF and 
AGGF1 [31]. It has to be noted that these observa-
tions may be related to different cell types in various 
diseases or experimental models.

Our immunohistochemical analysis showed that 
the expression of AGGF1 was confined to the syn-
cytiotrophoblast and was absent in the endothelial 
cells of the placenta. Previous studies have detected 
the AGGF1 protein in human umbilical vein en-
dothelial cells and human microvascular endothelial 
cells [19]. AGGF1 is also known to be expressed in 
ovarian cancer cells, vascular smooth muscle cells, 
osteoblasts, HCCs, and human heart fibroblasts [19, 
31]. In this study, we found no expression of AGGF1 
in the endothelial cells of the placenta. This may be 
due to a differential expression in various organs or 
to the sensitivity of the technique.

Besides angiogenesis, AGGF1 has been suggested 
to be involved in multiple other functions. It has been 
suggested that AGGF1 can fully reverse the effects of 
hyperglycaemia on endothelial progenitor cells [32]. 
AGGF1 may also inhibit TNF-a-mediated monocyte 
adhesion to endothelial cells and affect the expression 
of adhesion molecules and chemokines [17]. In addition, 
AGGF1 has been shown to have anti-inflammatory ef-
fects, both in vitro and in vivo. As an anti-inflammatory 
agent, AGGF1 has been associated with TNF-alpha-in-
duced endothelial activation and the regulation of liver 
fibrosis via TGF-beta signalling modulation [17, 33].

In summary, we preliminarily demonstrated that 
the AGGF1 expression was decreased in third-tri-
mester preeclamptic placenta compared with nor-
motensive term placenta. The exact role of decreased 
AGGF1 expression in PE remains unclear, and the 
molecular mechanisms remain to be defined.
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Abstract
Introduction. Approximately one third of pituitary adenomas are manifested neither by specific symptoms of 
hormone overproduction nor by elevated blood levels of pituitary hormones. However, these tumours, diagnosed 
before surgical intervention as clinically non-functioning pituitary adenomas (CNFPAs) express in majority 
different pituitary hormones, as can be revealed by means of immunohistochemical examination. One of the 
pituitary hormones which may be expressed in CNFPAs is prolactin (PRL) but the clinical and pathological 
data on this condition are very scarce.
Material and methods. Sixty two pituitary adenomas, diagnosed before surgery as CNFPAs, were immunoassayed 
with antibodies against PRL, growth hormone (GH), luteinizing hormone (LH), follicle stimulating hormone 
(FSH), thyrotropin (TSH), alpha subunit (alpha-SU), corticotropin (ACTH) and dopamine receptor type 2. In  
a proportion of the patients the presurgical concentrations of insulin-like growth factor 1 (IGF-1) were estimated 
by means of enzyme-amplified chemiluminescence assay.
Results. Twenty-three (37.1%) of the examined CNFPAs presented the positive immunoreaction with anti-PRL 
antibody. Most cases concerned women. Only in two cases (one woman and one man), PRL was the unique 
hormone expressed in the tumour. In the remaining adenomas PRL immunopositivity was accompanied by GH 
expression — 17, LH or free bLH — 13, FSH — 2, free a subunit — 4 or by ACTH — 5 tumours. Seven (30.43%) 
of them were recurrent in comparison with 12.8% PRL-immunonegative recurrent CNFPAs. Dopamine recep-
tors were positively immunostained in all the investigated PRL-immunopositive and all PRL-immunonegative 
adenomas. 
Conclusions. Our data confirm the observations that monohormonal silent prolactinomas are very rare but 
frequently silent PRL often co-expressed with GH or LH. Although in the whole population of patients with 
CNFPAs both sexes are equally represented, in the case of silent prolactinomas the female sex is prevalent. The 
observation of the higher rate of recurrent tumours within PRL-immunopositive adenomas versus PRL-immu-
nonegative CNFPAs has to be confirmed on the larger material. (Folia Histochemica et Cytobiologica 2020, Vol. 
58, No. 2, 90–95)

Key words: clinically non-functioning pituitary adenomas; immunohistochemistry; silent prolactinoma; GH; 
LH; dopamine receptors; insulin-like growth factor-1

Introduction

The pituitary adenomas usually relate to excess 
of pituitary hormones and lead to specific clinical 
symptoms of hormone over-secretion. However, the 

relatively high number of them (approximatively one 
third) are neither accompanied by increased hormone 
blood levels nor by clinical symptoms of pituitary 
hyperfunction. These tumours are diagnosed before 
surgery as clinically non-functioning pituitary adeno-
mas (CNFPAs). Most of them present the immunohis-
tochemical expression of different pituitary hormones, 
despite a lack of the clinical evidence of the hormone 
overproduction and increase of respective hormone 
levels in blood. Such tumours are called „silent” pitu-
itary adenomas [1–7]. The majority of CNFPAs (70– 
–80%) express gonadotropins or their subunits [1–10]. 
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Silent corticotropinomas (corticotroph adenomas not 
manifested by Cushing’s disease) and somatotroph 
adenomas without acromegaly (silent somatotropino-
mas) are less frequent but not exceedingly rare [1–7, 
11–19]. In contrast, silent thyrotropin-expressing [1–7, 
20] and prolactin-expressing pituitary adenomas are 
considered as very rare and the data concerning the 
clinical and pathological characterization of the latter 
of them are very scarce [5, 7, 21, 22]. The aim of the 
present study is to partially fill this gap.

Material and methods

Sixty-two pituitary adenomas were surgically removed in 
the Department of Neurosurgery and Surgery of Peripheral 
Nerves, Medical University of Lodz, Lodz, Poland. All the 
excised tumours were diagnosed before surgery as CNFPAs 
and after operation examined by immunohistochemistry. 
The samples were fixed in Bouin-Holland fixative or for-
malin and embedded in paraffin wax. The paraffin sections 
were immunoassayed generally as described before [23] 
with antibodies against prolactin (PRL, polyclonal, Dako, 
Glostrup, Denmark), growth hormone (GH, polyclonal, 
Dako, or Immunon, USA), luteinizing hormone (LH, 
monoclonal, Dako), follicle stimulating hormone (FSH, 
monoclonal, Dako), thyrotropin (TSH, monoclonal, Im-
munotech, France), alpha-subunit (alpha-SU, monoclonal, 
Immunotech, Marseille, France), corticotropin (ACTH, 
polyclonal, SigmaAldrich, St. Louis, MO, USA) and dopa-
mine receptor type 2 (RD2 polyclonal, Merck Millipore, 
Darmstadt, Germany). The primary antibodies were applied 
in a working dilution of 1:100. The visualization of immunos-
taining was performed using Envision kit (Dako) with the use 
of 3,3’ diaminobenzidine (DAB) as chromogen. A presence 
of more than 5% of immunopositive cells was considered 
as important. For a negative control, the primary antibody 
was omitted in the immunostaining procedure. The sections 
were viewed by a light microscope. 

In a proportion of patients (37) with pituitary adenoma, 
the concentrations of insulin-like growth factor 1 (IGF-1) 
were estimated in blood serum by means of enzyme-ampli-
fied chemiluminescence immunoassay (EACLIA) on the 
Immulite 1000 analyser (Siemens, Warsaw, Poland) before 
surgery. The analytical sensitivity of the used assay was be-
tween 20 ng/mL and 1,600 ng/mL. Intra-assay coefficients 
of variation (CV), depending on the concentration included 
in ranges from 3.1% to 4.3% ng/mL and inter-assay CV was 
between 5.8% and 8.4% ng/mL. 

The study was approved by the Bioethical Committee 
of the Medical University of Lodz, Lodz, Poland, decision 
RNN/99/15/KE. 

Statistical analysis. The data obtained from the experiment 
was recorded on Excel (MS Office 2019) worksheets Basic 

descriptive statistics (mean ± SEM) were calculated. A sta-
tistical analysis was performed using programs included in 
the statistical package Statistica 13.1 (Statsoft, Krakow, Po-
land). The differences between mean values were evaluated 
by Student’s t test and for sets of categorical data Pearson’s 
chi square test was applied. The quantitative parameters 
were expressed as mean value ± standard deviation. Statis-
tical differences between the tested values were considered 
as significant level of p < 0.05.

Results

The tumours derived from 62 patients (33 women 
and 29 man, mean age 57.4 ± 11.8 y) and diagnosed 
before surgery as CNFPAs. The immunohistochem-
ical examination of removed pituitary adenomas was 
performed. Among them 23 (37.1%) presented the 
positive immunoreaction of the at least 10% adenoma 
cells with anti-prolactin antibody (Fig. 1A). These cas-
es concerned 16 women and 7 men (69.6% and 30.4%, 
respectively) and gender difference were statistically 
significant — p < 0.01 (Fig. 2). The prevalence of fem-
inine sex is specific for PRL-expressing CNFPA be-
cause the whole group of CNFPA included almost the 
same number of women and men. The PRL-positive 
and PRL-negative patients did not differ significantly 
in age (PRL-positive mean ± SEM 56.52 ± 2.26 y;  
PRL-negative 58.95 ± 1.90 y). Only in two cases 
(one woman and one man), the PRL was the unique 
hormone expressed in the tumour. In the remaining 
adenomas PRL immunopositivity was accompanied 
by GH expression — 17, LH or free bLH — 13, FSH 
— 2, free a subunit — 4 or by ACTH — 5 tumours 
(Fig. 1B, C). Seven adenomas were recurrent (7/23, 
30.43%) in PRL-immunopositive group and it is  
a higher value in comparison with PRL-immunonega-
tive recurrent CNFPAs (5/39, 12.8%), but this differ-
ence is not statistically significant (Fig. 3).

Presence of dopamine D2 receptors (RD2)
RD2 were detected in 32 adenomas. In all PRL-im-
munopositive (21 cases) and all PRL-immunonegative 
(11 cases) examined tumours the positive immuno-
staining was found (Fig. 4). 

Insulin-like growth factor (IGF-1)  
serum concentration
IGF-1 was measured in 37 patients with CNFPAs. In 
monohormonal silent prolactinoma, only in one case 
IGF-1 was measured (man, 45 y, 117 ng/mL — nor-
mal value). In the PRL-immunopositive adenomas  
(n = 15), the mean IGF-1 serum concentration was 
115.3 ± 4.7 ng/mL. In PRL-immunonegative CN-
FPAs the mean IGF-1 concentration was slightly 



92 Katarzyna Winczyk et al.,

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2020
10.5603/FHC.a2020.0014

www.journals.viamedica.pl/folia_histochemica_cytobiologica

lower (102.1±17.5 ng/mL); however, the difference 
is not statistically significant (p > 0.05). Because PRL 
immunopositivity occurs often with co-expression of 

GH, we also compared IGF-1 serum levels in patients 
with GH-immunopositive and GH-immunonegative 
tumours. The difference was statistically significant 
(127.9 ± 20.75 ng/mL vs. 67.3±9.9 ng/mL, respec-
tively, p < 0.01) (Fig. 5). 

Discussion 

Our data are concordant with the observations that 
monohormonal silent prolactinomas are exceedingly 

Figure 1. Immunohistochemical examination of clinically 
non-functioning pituitary adenoma in a 71-year-old man. 
Positive immunoreactions for: A — prolactin, B — growth 
hormone, C — alpha subunit. Original magnification 400×.
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Figure 2. The percentage (%) of women (16/23) and man 
(7/23) with PRL-immunopositive pituitary adenomas.
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Figure 3. The number (%) of recurrences in PRL-immu-
nopositive adenomas (7/23, 30.43%) and in PRL-immunoneg-
ative CNFPAs (5/39, 12.8%).
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gonadotropins (mostly with LH, 5/7). The latter 
observation is concordant with the finding of Diri et 
al. [25] who found that that tumour recurrence rate 
is higher in LH-immunopositive in comparison with 
LH-immunonegative CNFPAs. Another factor that 
could be taken into consideration was a higher IGF-1 
levels in silent GH-PRL adenoma than GH-immu-
nonegative tumours (see below). Since the active 
prolactinomas are known to express the functional 
dopamine receptors and are in majority sensitive to 
pharmacological treatment by dopamine agonists, 
we wanted to see whether the silent prolactinomas 
express RD2 more frequently that PRL-immunon-
egative CNFPAs. Surprisingly, RD2 were detectable 
by immunohistochemistry in all cases of CNFPAs, 
irrespectively of the presence or absence of PRL 
immunostaining. This result is identical with that 
observed by Vieira et al. [26] who found the presence 
of RD2 mRNA as well as RD2 immunostaining in the 
all examined CNFPAs. The high frequency of RD2 
in CNFPAs (approx. 70%) was also reported in the 
other studies [27, 28]. These results corroborate with 
the reported efficacy of the postoperative treatment 
of CNFPAs with dopamine agonists [27, 29, 30]. Our 
observation that the expression of RD2 concerns 
equally PRL-positive as PRL-negative CNFPAs sug-
gests that the latter are also good candidates for the 
treatment with dopamine agonists. The last question 
worth to discuss is the relationship of PRL immu-

Figure 5. The mean IGF-1 serum levels in patients with 
PRL-immunopositive adenomas: comparison of the groups 
with GH-positive and GH-negative tumours. 

Figure 4. Positive immunostaining of dopamine receptors in 
PRL-immunopositive adenoma in a 60-year-old women) (A) 
and PRL-immunonegative adenoma in a 60-year-old man) 
(B). Original magnification 400×. 
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rare [5, 7]. Moreover, they corroborate also with 
the findings that the PRL expression is frequently 
combined with either silent or active expression of 
GH [5, 7, 19]. This incidence is obvious because it is 
well known that lactotrophs and somatotrophs dif-
ferentiate from the common progenitor cells under 
the influence of the same transcription factor (Pit-1). 
However, our novel observation is that the expres-
sion of PRL in CNFPA is frequently accompanied 
by gonadotropins, mostly by LH or free LH subunit. 
This combination is almost as frequent as that with 
GH. The prevalence of feminine sex and their high 
recurrence rate is also worth notice. The former ob-
servation may be related to the frequent expression of 
oestrogen receptors in this type of adenoma [24]. The 
latter finding is more difficult to explain. However, 
the recurrent PRL-expressing tumours observed in 
this study were not monohormonal prolactinomas 
but were combined mostly with GH (4/7) and with 
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nopositivity and IGF-1 secretion. It was found that 
patients with PRL-expressing CNFPAs have slightly 
higher preoperative IGF-1 concentrations in blood 
in comparison with those with PRL-immunonegative 
tumours. However, this fact is probably connected 
with the frequent coexistence of PRL and GH also 
in the case of silent adenomas. In an earlier study of 
our team it was found that in acromegaly the IGF-1 
preoperative levels are significantly higher in so-
matoprolactinomas than in ‘pure’ somatotropinomas 
[31]. This observation, together with the results of 
the present study, corroborate with the experimen-
tal investigations showing that IGF-1 enhances the 
proliferation of lactotrophs in murine pituitary cells 
in vitro [32] and may induce the differentiation of 
lactotrophs from their progenitor cells [33]. It was 
also shown that IGF-1 induces in vitro trans-differ-
entiation of somatotrophs into lactotrophs in the rat 
pituitary cell line MtT/S [34, 35]. 

To sum up, the non-functioning PRL-expressing 
pituitary adenomas very rarely present themselves 
as monohormonal silent prolactinomas but are 
relatively frequent as combined PRL-GH or pluri-
hormonal tumours expressing also other pituitary 
hormones (mostly LH). The higher recurrence rate 
of PRL-expressing CNFPAs, as observed in the 
present study, needs further studies on the larger 
material.
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Abstract
Introduction. Growing evidence indicates that Rictor (Rapamycin-insensitive companion of mTOR) is overexpressed 
across several malignancies and associated with poor survival. However, only limited data indicate that Rictor plays 
a role in gastric cancer (GC). We sought to explore the prognostic value of Rictor in GC and present interaction 
analysis between Rictor expression and H. pylori status regarding their effects over the prognosis of GC patient.
Materials and methods. 250 GC tissues and 124 lymph node metastases were collected for the detection of Rictor 
by immunohistochemistry. Cox regression model was used to assess the association between Rictor expression 
and patient prognosis. Functional experiments were examined in transfected cells using Rictor siRNA. Additive 
and multiplicative interactions of Rictor and H. pylori were evaluated.
Results. In this study, the positive rate of Rictor was 51.6% (129/150) in GC tissues. Multivariate analyses showed 
that Rictor was independent unfavorable predictor for OS (HR = 1.554, 95% CI = 1.076–2.244, P = 0.019) and 
DFS (HR = 1.556, 95% CI = 1.081–2.240, P = 0.017). Patients with upregulated Rictor in the primary tumor and 
lymph node metastases had the worst prognosis. We observed significant additive and multiplicative interactions 
between Rictor expression and H. pylori status for OS and DFS (P < 0.05). Our in vitro experiment showed that 
knockdown of Rictor could suppress cell proliferation, induce apoptosis and inhibit tumor migration and invasion. 
Conclusion. Our results demonstrate that Rictor, acting as an oncogene, might be a potential prognostic bio-
marker and therapeutic target in GC. We suggest that Rictor expression and H. pylori status may be a prognostic 
marker in gastric cancer. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 2, 96–107)
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Introduction

Cancer remains one of the most important global 
threats in public health. Recent statistical reports 
document that gastric cancer (GC) ranks as the fifth 
most common cancer and the third leading cause 
of cancer death [1]. Despite progress in the clinical 
management of GC, treatment of the disease remains 
challenging owing to the complexity of the disease and 
difficulty in early diagnosis. For early staged GC, the 
only curative treatment option is surgical resection 
[2]. Unfortunately, for patients with advanced-stage 
due to the poor prognosis, it remains a major clinical 
concern. The effects of conventional therapies, includ-
ing chemotherapy and radiation, on survival benefits 
are limited. Targeted therapeutic strategies, such as 
angiogenesis and epidermal growth factor receptor 
(EGFR) inhibitors have exhibited significant antitu-
mor activity [3]. The process of tumorigenesis involves 
diverse gene alterations, including epigenetic changes, 
oncogene activation, inactivation of tumor suppressor 
genes, and abnormal expression of cancer-related 
genes. Therefore, there is an urgent need for the 
discovery of novel genes that govern the progression 
of GC and novel therapeutic targets. 

The mammalian target of rapamycin (mTOR) is 
known as a conserved serine-threonine protein kinase. 
It could regulate cell growth, metabolism as well as 
survival [4], and functions through two complexes: 
mTORC1 and mTORC2 [5]. Rapamycin insensitive 
companion of mTOR (Rictor) is an essential subunit 
of mTORC2 complex [6]. Rictor plays a vital role in 
the feedback loops and cross-talk in the PI3K/AKT/ 
/mTOR signal transduction pathway. Since Akt acti-
vation is essential for many events of the metastatic 
pathway in cancer, Rictor could serve as a novel 
therapeutic target. Targeted inhibition of mTORC2 
activity through Rictor gene silencing could promote 
cisplatin-induced apoptosis and prevent cell migra-
tion in osteosarcoma and breast cancer [7–8]. Rictor 
upregulation was associated with invasive behavior 
and poor prognosis in several malignancies [9–11]. 
Currently, only a limited number of reports exist 
regarding the roles of Rictor in GC [10]. 

There is evidence that H. pylori infection is identi-
fied as a beneficial prognostic indicator for GC, indi-
cating different growth patterns between H. pylori (+) 
and H. pylori (–) GC [12–13]. Meanwhile, the infection 
of H. pylori is associated with mTOR signaling [14–15]. 
Relatively little is known about whether there is an 
interaction between Rictor expression and H. pylori 
status in the prognosis of GC. 

The objective of the current study was to explore the 
functional significance of Rictor in primary carcinomas 

and lymph node metastases, as well as the prognostic 
value in GC. Here, we also presented interaction 
analysis between Rictor expression and H. pylori status 
regarding their effects over GC patient prognosis. In 
addition, we characterized the role of Rictor in GC 
proliferation, migration, invasion and apoptosis.

Materials and methods

Patients and tissue specimens. This study was conducted in 
the First Affiliated Hospital of Anhui Medical University, 
and 250 pathologically diagnosed GC patients who under-
went surgery from November 2007 to November 2009 were 
recruited. The current and our previous studies [12] were 
conducted based on the same study population, and it should 
be noted that there can be overlap between the patients of 
the two studies. We excluded patients with Siewert type I 
cardia adenocarcinoma and patients who received neoad-
juvant treatment before surgery in the study. 

In order to collect prognosis data, patients who un-
derwent surgical resection were followed up according to  
a standard scheme [16]. At the first 2 years after the surgery, 
patients were followed up every 3 months. At the following 
2 years, patients were followed up every 6 months, then 
yearly afterward. The follow-up program consisted of 
clinical examination, hematologic analyses, measurement 
of tumor markers, abdominal ultrasonography and chest 
radiography (once half a year), and endoscopy of the upper 
digestive tract (once a year). Computed tomography (CT) 
or positron emission tomography (PET)/CT was conducted 
for the surveillance of patients to detect recurrence after 
surgery. The follow-up plan lasted from the surgery until 
the date of death or the last date of follow-up via hospital 
visit or telephone. The follow-up deadline was August 15, 
2018. Overall survival (OS) and disease-free survival (DFS) 
of patients were calculated. Overall survival (OS) was re-
corded from pathological diagnosis/recruitment to the date 
of death or the date of last follow-up. Disease-free survival 
(DFS) was recorded from the date of pathological diagnosis/ 
/recruitment to the date of disease recurrence or the date 
of last follow-up. The Ethics Committee of Anhui Medical 
University approved the study, and all of the participants 
enrolled in the study gave the written informed consent. 

Immunohistochemistry. The H&E stained sections of 
each tumor were reexamined by a pathologist (ZZY) for 
histological analyses. Formalin-fixed paraffin-embedded 
(FFPE) sections of 250 GC tissues and 124 lymph node 
metastases were obtained for the detection of Rictor by 
immunohistochemical (IHC) method. Firstly, all the tissue 
sections were dewaxed with xylene, followed by antigen 
retrieving in a microwave for 20 min. In order to block 
endogenous peroxidase activity, we have immersed each 
slide in 3% hydrogen peroxide for 10 min. Then, these 

https://www.ncbi.nlm.nih.gov/pubmed/27544395
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slides were incubated with the primary mouse monoclonal 
anti-Rictor antibody (1:700 diluted sc-271081, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) at 4°C overnight. 
Thereafter, at room temperature (RT), these slides were 
incubated with horseradish peroxidase (HRP) labeled goat 
anti-mouse/anti-rabbit immunoglobulin (PV-6000, ZSGB 
Biotechnology, Beijing, China) for 20 min. Finally, the slides 
were stained with 3,3’-diaminobenzidine (DAB). The Rictor 
protein level was determined using semi-quantitative IHC 
detection system [17]. Assessment of IHC staining was per-
formed by two pathologists (YF and ZZY) independently. 
We chose 10 high power fields (HPF) for each the tissue 
section and calculated the average number of positive cells. 
We assessed the percentage of positively stained cells (none 
= 0, less than 10% = 1, 10% to 50% = 2, greater than 
50% = 3) as well as the staining intensity (none = 0, light 
yellow = 1, pale brown = 2, dark brown = 3). Finally, an 
immunoreactivity score was calculated using the sum of the 
percentage score and intensity score, ranging from 0 to 6. 
The immunoreactivity score of 0–2 was considered negative 
for Rictor immunostaining, otherwise positive [10].

IHC assay was performed on 250 pairs of GC and 
non-cancerous (located at least 5 cm from the tumor) tis-
sues for the detection of H. pylori. The methods have been 
described in our previous studies [12]. We considered the 
patients as H. pylori positive if either the tumor or non-tu-
moral tissues was categorized as positive. Otherwise, if both 
the tumor and non-tumoral tissues were categorized as 
negative, we considered the patients as H. pylori negative. 

Cell culture and transfection. BGC-823 and SGC-7901 hu-
man GC cell lines were purchased from the Cell Resource 
Centre, Shanghai Institute of Biochemistry and Cell Biol-
ogy, Chinese Academy of Sciences, Shanghai, China. The 
cells were grown in the RPMI 1640 medium (Invitrogen, 
Carlsbad, CA, USA) to which 10% fetal bovine serum, 
penicillin (100 μ/ml) and streptomycin (100 mg/ml) were 
added. All cells were cultured at 37° and with a humidi-
fied atmosphere of 5% CO2. We used RNA interference 
(siRNA) (final concentration of 100 nM, GenePharma, 
Shanghai, China) for Rictor knock-down. According to 
the manufacturer’s protocol, we have plated BGC-823 
and SGC-7901 cells in 6-well or 96-well plates at a density 
of 2 × 105 or 5~ 6 × 103 cells per well for transfection, 
respectively. When cells grew to 40% ~ 60% confluence, 
they were transfected with 100 nM Rictor siRNA or the 
corresponding negative control (100 nM, GenePharma) 
using Lipofectamine 3000 transfection agent (Invitrogen). 
For example, in 6-well plates, 10 μl of Rictor siRNA was ab-
sorbed by RNA free enzyme gun head (Axygen, Tewksbury, 
MA, USA) and dissolved in 125 μl of Opti-MEM reduced 
serum culture medium (No:31985-062, GIBCO BRL, Grand 
Island, NY, USA) for transfection, and gently mixed. 7.5 μl  
Lipofectamine 3000 transfection agent was absorbed by 

RNA free enzyme gun head and dissolved in 125 μl of Op-
ti-MEM reduced serum culture medium for transfection, 
and gently mixed. The reagent was blown and left at RT for 
5 min. Then, the transfection mixture was added into the 
six-well plate. The transfected cells were incubated under 
5% CO2 at 37° for subsequent experiments.

Western blotting. Western blot assays were conducted to 
screen the specific Rictor siRNA sequence. RIPA buffer 
and protease inhibitors were used to extract lysates from cul-
tured cells 48 h post-transfection. We have loaded the same 
amount of cell lysate for electrophoresis. Protein samples 
were separated using 6% SDS-PAGE. Then, we transferred 
the samples onto PVDF membranes (Millipore, Bedford, 
MA, USA) on ice overnight for about 14 h with constant 
pressure of 70 V, following by blocking with 5% non-fat milk 
for 2 h at RT. We incubated the membranes with mouse 
monoclonal anti-Rictor antibody (1:1000; ab56578, Abcam, 
Cambridge, MA, USA) overnight at 4°C. The membranes 
were then incubated with HRP-conjugated secondary anti-
body for 2 h at 37°C. Visualization was performed by using 
ECL substrate. We used b-actin as the loading control. 

Cell viability assay. CCK-8 assay (Bestbio, Beijing, China) 
was used to measure effects of Rictor siRNA on cell viability. 
Cell suspensions (100 μl, 3×103 cells/well) were seeded into 
96-well plates and transfected. After transfection, 10 μl of the 
CCK-8 reagent was added into each well at 24 h, 48 h and 
72 h and the plates were incubated for another 1 h at 37°C. 
Then we used a microplate reader to record the absorb-
ance at 450 nm. We performed at least three independent 
experiments. For each time point, each experimental group 
included six replicate wells. 

Transwell cell migration/invasion assays. Transwell assay 
was used to determine the abilities of cell migration and in-
vasion. We used 24-well plates with poly-carbonate transwell 
filters (Corning Incorporated, Corning, NY, USA) for the 
assay. For cell invasion, the membrane of the chamber was 
pre-coated with 60 μl extracellular Matrigel (Cat. no. 356234, 
BD Biosciences, San Jose, CA, USA). The extracellular 
Matrigel was freshly 1:7 diluted with serum-free medium 
to form a matrix barrier. At 37°C, it was incubated for 3 h 
before invasion assay. 48 h after the transfection, SGC-7901 
cells and BGC-823 cells were harvested, and resuspended 
in serum-free medium to a concentration of 1 × 105 cells 
per well. These cells were loaded into each upper chamber 
with a volume of 100 μl and 750 μl of RPMI-1640 medium 
containing 10% FBS was added to the lower chamber. They 
were incubated for 24 h/48 h (SGC-7901 cell/BGC-823 cell) 
to measure the effects of Rictor siRNA on cell migration po-
tential and incubated for 72 h to assess the effects of Rictor 
siRNA on cell invasion potential. Then, a cotton swab was 
used to scrape off the upper surface of the well. We fixed 
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cells in 90% ethanol, stained with 0.1% crystal violet and 
then counted these cells on the lower surface of the well. 
We randomly selected five low-magnification areas (×100) 
to calculate the cell numbers.

Apoptosis assays. Annexin-V fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) apoptosis kit (Bestbio) was 
used for apoptosis assays by flow cytometry. Cells were collect-
ed 48 h after transfection and centrifuged at 300 g for 5 min. 
Then, cells were washed twice in phosphate-buffered saline 
(PBS) and centrifuged in the same condition. Subsequently, 
these cells were re-suspended in 400 μl 1 × Binding Buffer. 
Afterwards, in the dark, these cells were stained with 5 μl An-
nexin-V FITC and 10 μl PI at 4°C for 15 min. The cells were 
then subjected to flow cytometry (Cytomics FC 500, Beckman 
Coulter, Brea, CA, USA) analysis, and quantified by using 
FlowJo (Version 7.6.2, http://www.flowjo.com/index.php). 

Statistical analysis. Assays were independently performed 
at least three times and one representative experiment data 
were displayed. The statistical analyses of data were carried 
out by using SPSS version 13.0 software (SPSS Inc., Chicago, 
IL, USA). Correlations between Rictor expression level and 
clinicopathological characteristics of patients were identified 
by using Chi-square test. For continuous variables, differenc-
es among groups were identified by using t-test or ANOVA. 
OS and DFS were assessed by using Kaplan-Meier method. 

Log-rank test was used to compare the survival distributions 
between different groups. Univariate and multivariate Cox 
proportional hazard regression models were used to assess 
the prognostic value of Rictor in GC. The additive interac-
tions were estimated by using direct counting and Chi-square 
test. We performed the tests using a 2 × 2 factorial design 
in order to calculate the attributable proportion (AP) and 
relative excess risk (RERI) [18–19]. The multiplicative 
interactions were estimated by using Cox’s proportional 
hazards regression models. P value less than 0.05 indicated 
significantly difference.

Results

Rictor expression in gastric cancer
The expression of Rictor protein in GC tissues was 
detected by using IHC method. We found that 129 
of 250 (51.6%) cancer tissues presented Rictor im-
munoreactivity (Rictor-IR) which was observed only 
in the cytoplasm of tumor cells (Fig. 1). Correlations 
between Rictor status and clinicopathological char-
acteristics of the patients are shown in Table 1. The 
expression of Rictor was correlated with lymph node 
metastasis (c2 = 9.251, P = 0.002) and TNM stage  
(c2 = 10.840, P = 0.013). The rate of Rictor-IR was 
38.2% for stage I, 48.0% for stage II, 62.1% for stage 
III, 75.0% for stage IV, respectively. The positive 

Figure 1. Immunoreactivity of Rictor in gastric cancer tissues. A. Negative expression of Rictor in gastric tumor specimens. 
B. Positive expression of Rictor in gastric tumor specimens. C. Negative expression of Rictor in gastric tumor specimens.  
D. Positive expression of Rictor in gastric tumor specimens. Magnifications: A and B — 100× C and D — 400×.

A B

C D
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staining rate of Rictor in GC patients with more 
advanced stage was significantly higher than in those 
with low grade stage. The positive staining rate of 
Rictor was 76 of 124 (61.3%) in lymph node metastasis 
group, compared to 53 of 126 (42.1%) in non-lymph 
node metastasis group. We also observed a relatively 
higher positive rate of Rictor in tissues with poor 
differentiation (c2 = 5.038, P = 0.081) and in tissues 

without H. pylori infection than in tissues with H. py-
lori infection (c2 = 3.712, P = 0.054); however, these 
differences did not reach statistical significance. We 
did not find significant correlations between Rictor 
expression and gender, age, Lauren classification, 
tumor location as well as depth of invasion in GC 
patients (all P > 0.05). Our results indicated that 
high Rictor expression was correlated with more 

Table 1. Relationships between Rictor expression and clinicopathological factors of patients

Factors Cases Rictor positive/n (%) c2-value P-value

Gender

Male 191 96 (50.3) 0.580 0.446

Female 59 33 (55.9)

Age (years)

≤ 61 125 66 (52.8) 0.144 0.704

> 61 125 63 (50.4)

WHO Grading

Well differentiated 7 2 (28.6) 5.038 0.081

Moderately differentiated 78 34 (43.6)

Poorly differentiated 165 93 (56.4)

Lauren classification

Intestinal 161 81(50.3) 0.422 0.810

Diffuse 73 40 (54.8)

Mixed 16 8 (50.0)

Location

Proximal (cardia or fundus) 57 25 (43.9) 1.771 0.183

Distal (corpus, antrum or pylorus) 193 104 (53.9)

Depth of invasion

T1 40 15 (37.5) 4.888 0.180

T2 14 6 (42.9)

T3 170 95 (55.9)

T4 26 13 (50.0)

Lymph node

Negative 126 53 (42.1) 9.251 0.002

Positive 124 76 (61.3)

TNM stage

I 68 26 (38.2) 10.840 0.013

II 75 36 (48.0)

III 103 64 (62.1)

IV 4 3 (75.0)

H. pylori status

Negative 98 58 (59.2) 3.712 0.054

Positive 152 71 (46.7)

Abbreviations: WHO — World Health Organization; H. pylori — Helicobacter pylori.
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aggressive behavior including advanced stage and 
lymphatic metastasis. 

Prognostic value of Rictor in gastric cancer
We explored the role of Rictor expression in prognosis 
of GC. The log-rank test was used to assess the asso-
ciation between Rictor expression and the prognosis 
of patients after surgery. The median OS in patients 
with positive Rictor status was 78.3 months (95% con-
fidence interval (CI) = 28.8–127.8), while the mean 
OS was 94.7 months (95% CI = 87.2–102) in patients 
with negative Rictor status (P = 0.008). The median 
DFS in patients with positive Rictor status was 65.2 
months (95% CI = 28.5–102.0), while the mean DFS 
was 90.5 months (95% CI = 82.3–98.7) in patients 
with negative Rictor status (P = 0.006). The OS and 
DFS curves are shown in Figure 2. 

Then, we determined the relationship of Rictor 
status with DFS and OS in GC patients with surgical 
resection by using Cox proportional hazard model 
(Table 2). Univariate analyses indicated that Rictor 
status was associated with the OS of GC patients, 
showing that patients with Rictor-IR had relative-
ly shorter survival time (HR = 1.617, 95% CI = 
1.131–2.311, P = 0.008). Univariate analyses also 
showed that patients with Rictor (+) had relatively 
shorter DFS (HR = 1.631, 95% CI = 1.147–2.319, 
P = 0.006). When adjusting for gender, age, TNM 
stage, WHO grading, Lauren classification, invasion 
depth, tumor location and lymph node metastases, 
multivariate analyses showed that positive Rictor 
status was independent predictor for OS (HR = 1.554, 
95% CI = 1.076–2.244, P = 0.019) and DFS (HR = 
1.556, 95% CI = 1.081–2.240, P = 0.017). Our results 
revealed that Rictor IHC status may be associated 
with the prognosis of GC. 

Rictor expression in primary carcinomas  
and corresponding lymph node metastases related 
to clinical outcome
Furthermore, we performed IHC analysis of Rictor on 124 
lymph node metastases specimens. In 47 cases, Rictor-IR 
was found both in primary carcinomas and lymph node 
metastases whereas in 32 cases we did not detect Rictor-IR 
in these locations. In 45 cases, the expression of Rictor was 
found either in primary carcinomas or lymph node metas-
tases. The Rictor-IRs in primary carcinomas and lymph 
node metastases were consistent (κ = 0.369, P < 0.001).

Then, patients were divided into three groups de-
pending on the status of Rictor-IR in primary carcino-
mas and lymph node metastases. Univariate analysis 
revealed obvious survival differences among the three 
groups, but not significantly different (P = 0.090) (Fig. 3).  
The median OS of patients with Rictor-IR in both 

Figure 2. Overall survival (A) and Disease-free survival (B) in 
the entire group of 250 gastric cancer patients with respect to 
Rictor expression assessed by immunohistochemistry.

primary carcinomas and lymph node metastases was 
33.6 months (95% CI = 22.7–44.4), 68.3 months (95% 
CI = 30.0–107.0) in patients with lack of Rictor-IR 
in both primary carcinomas and lymph node metas-
tases (P = 0.036). The median OS of patients with 
Rictor-IR was 48.9 months (95% CI = 25.1–72.7) in 
either primary carcinomas or lymph node metastases. 
Rictor expression both in the primary carcinomas and 
lymph node metastases was correlated with the worst 
prognosis of GC patients (Fig. 3). 

Additive and multiplicative interaction analysis of 
Rictor expression and H. pylori infection involved 
in the prognosis of patients with gastric cancer
H. pylori infection was considered as an independent 
protective factor for GC patients in our previous studies 
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 [12, 20]. The update survival data resulted in similar 
findings. In order to explore the interaction between 
Rictor expression and H. pylori infection involved in 
patient prognosis, additive and multiplicative models 
were used for analysis. The results of interaction 
analysis for OS and DFS are shown in Table 3.  
A significant additive interaction was observed be-
tween Rictor expression and H. pylori status for OS 
(HR = 2.586, 95% CI = 1.613–4.146, P < 0.0001) 
and DFS (HR = 2.662, 95% CI = 1.680–4.218,  
P < 0.0001). The AP due to interaction was 0.343 for 
OS and 0.393 for DFS. The RERI due to interaction 
was 0.886 for OS and 1.047 for DFS. When adjusting 

for other prognostic factors including gender, age, 
TNM stage, WHO grading, Lauren classification, 
invasion depth, tumor location and lymph node 
metastasis, an additive interaction was still observed 
between Rictor expression and H. pylori status for OS  
(HR = 2.506, 95% CI = 1.532–4.098, P = 0.0003) and DFS  
(HR = 2.550, 95% CI = 1.573–4.134, P = 0.0001). 
The AP due to interaction was 0.413 for OS and 0.433 
for DFS. The RERI due to interaction was 1.035 
for OS and 1.104 for DFS. We have also observed 
significant multiplicative interaction between Rictor 
expression and H. pylori status for OS (HR = 2.165, 
95% CI = 1.475–3.179, P < 0.0001) and DFS (HR = 
2.276, 95% CI = 1.576–3.306, P < 0.0001) by Cox’s 
proportional hazards regression. When adjusting 
for other prognostic factors including gender, age, 
TNM stage, WHO grading, Lauren classification, 
tumor location, invasion depth as well as lymph node 
metastasis, the results showed a consistent tendency 
toward a multiplicative interaction between Rictor 
expression and H. pylori status for OS (HR = 2.197, 
95% CI = 1.472–3.277, P < 0.001) and DFS (HR = 
2.255, 95% CI = 1.525–3.333, P < 0.0001). 

Effects of Rictor on gastric cancer cell proliferation, 
migration, invasion and apoptosis
To evaluate the implication of Rictor in GC cell pro-
liferation, migration, invasion and apoptosis, specific 
siRNAs against Rictor were generated for Rictor si-
lencing. As shown in Figure 4A, Rictor expression was 
inhibited in the cell lines BGC-823 and SGC-7901 by 
using RNA interference technology. A panel of three 
Rictor siRNA sequences was transiently transfected 
into GC cells, screening for the sequence providing 
the greatest Rictor knockdown. Western blot analysis 
revealed a dramatically reduction of Rictor protein 
expression in GC cells 48 h post transfection with 
siRictor, especially for sequence siRic.3, which was 
used for all further studies.
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Figure 3. Overall survival of 124 gastric cancer patients with 
lymph node metastases according to different Rictor status 
in primary tumor and lymph node metastases (P = 0.090).  
A. Rictor was negative in both primary tumor and lymph node 
metastases. B. Rictor was positive in either primary tumor or 
lymph node metastases. C. Rictor was positive in both pri-
mary tumor and lymph node metastases. P = 0.276 (A vs. B),  
P = 0.036 (A vs. C), P = 0.209 (B vs. C). 

Table 2. Univariate and multivariate Cox regression analysis of Rictor expression and survival of patients

Survival Univariate analysis Multivariate analysisa

HR (95% CI) P-value HR (95% CI) P-value

OS

Rictor negative 1.0 [Reference] – 1.0 [Reference] –

Rictor positive 1.617 (1.131–2.311) 0.008 1.554 (1.076–2.244) 0.019

DFS

Rictor negative 1.0 [Reference] – 1.0 [Reference] –

Rictor positive 1.631 (1.147–2.319) 0.006 1.556 (1.081–2.240) 0.017

aAdjusted for gender, age, TNM stage, WHO grading, Lauren classification, tumor location, depth of invasion and lymph node metastasis. Abbre-
viations: HR — hazard ratio; CI — confidence interval; OS — overall survival; DFS — disease-free survival.
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Table 3. Proportional hazard models depicting the additive and multiplied interaction between Rictor expression and H. 
pylori status involved in gastric cancer patients’ prognosis    

Model with interaction term HR (95%CI) P-value HRa (95%CI) Pa-value

Overall survival (OS)

Additive

H. pylori+/Rictor– 1.0 [Reference] – 1.0 [Reference] –

H. pylori–/Rictor– 1.355 (0.775–2.369) 0.287 1.230 (0.694–2.181) 0.479

H. pylori+/Rictor+ 1.345 (0.830–2.180) 0.229 1.241 (0.760–2.027) 0.389

H. pylori–/Rictor+ 2.586 (1.613–4.146) < 0.0001 2.506 (1.532–4.098) 0.0003

Multiplied

H. pylori*Rictor 2.165 (1.475–3.179) < 0.0001 2.197 (1.472–3.277) < 0.001

Disease-free survival (DFS)

Additive

H. pylori+/Rictor– 1.0 [Reference] – 1.0 [Reference] –

H. pylori–/Rictor– 1.322 (0.759–2.305) 0.325 1.235 (0.700–2.181) 0.466

H. pylori+/Rictor+ 1.294 (0.801–2.088) 0.292 1.210 (0.743–1.972) 0.443

H. pylori–/Rictor+ 2.662 (1.680–4.218) < 0.0001 2.550 (1.573–4.134) 0.0001

Multiplied

H. pylori*Rictor 2.276 (1.576–3.306) < 0.0001 2.255 (1.525–3.333) < 0.0001

aAdjusted for other prognostic factors: sex, age, TNM stage, WHO grading, Lauren classification, tumor location, depth of invasion and lymph node 
metastasis. Abbreviations: HR — hazard ratio; CI — confidence interval; OS — overall survival; DFS — disease-free survival; H.pylori — Helico-
bacter pylori.
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We next examined the biological effects of siRNA- 
-mediated Rictor knockdown on GC cells. CCK-8 
assay was used to investigate the functions of Rictor 

regarding GC cell proliferation (Fig. 4B). Compared 
with the control group, the proliferation rate in BGC-
823 cells transfected with siRictor was significantly 

Figure 4. Functional effects of Rictor siRNA on gastric cancer cell proliferation, apoptosis, migration and invasion.  
A. Knockdown of Rictor by siRNA was confirmed by Western blot in BGC-823 and SGC-7901 cells. b-actin served as an 
internal control. B. Suppression of Rictor significantly inhibited gastric cancer cell proliferation. C–D. Suppression of Rictor 
significantly induced cell apoptosis. E–F. Suppression of Rictor significantly inhibited the migration and invasion of BGC-823 
and SGC-7901 cells. Figure is representative of 3 experiments with similar results. Data represent the mean ± SEM. Bars 
represent mean and whiskers SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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decreased at 48 h and 72 h of incubation (P < 0.05). 
Similarly, the proliferation rate in SGC-7901 cells 
transfected with siRictor also showed a significant 
decrease at 48 h and 72 h of incubation (P < 0.05). 
All of these data showed that knockdown of Rictor 
could impair the growth of GC cells. 

Annexin V staining and cytometry analysis were 
used to assess the effects of Rictor on GC cell apop-
tosis. Knocking down Rictor expression significantly 
promoted cell apoptosis in BGC-823 and SGC-8901 
cells (Fig. 4C, D). These results indicated that Rictor 
may act as an oncogene involved in the promotion 
of GC cell proliferation and inhibition of GC cell 
apoptosis.

Transwell assays were used to explore the influ-
ence of Rictor on GC cell migration and invasion. 
Migration and invasion assays indicated that pore 
transfer capacity of GC cells was significantly de-
creased in cells transfected with siRictor compared 
to control group (Fig. 4E, F). These results revealed 
that Rictor played a promotion role in the migration 
and invasion of GC cells.

Discussion

In this study, Rictor was identified to be often upreg-
ulated in GC tissues. We found that overexpression 
of Rictor was associated with tumor stage and lymph 
node metastasis. A relatively higher positive rate of 
Rictor was observed in tissues with poor differentia-
tion and negative H. pylori status. Through long period 
of follow-up, univariate and multivariate analyses 
revealed that the patients with positive Rictor status 
had relatively shorter survival time. Patients with 
Rictor upregulated both in the primary carcinomas 
and lymph node metastases had the worst prognosis. 
The additive and multiplicative interactions between 
Rictor expression and H. pylori status involved in 
patient prognosis were identified for the first time. 
Our in vitro experiment showed that knockdown of 
Rictor could suppress GC cell proliferation, induce 
apoptosis and inhibit tumor migration and invasion. 
Collectively, our findings demonstrated that Rictor, 
acting as an oncogene, may be a potential prognostic 
biomarker and therapeutic target in GC.

In previous studies, elevated Rictor expression was 
associated with some clinicopathological factors such 
as age, invasion depth, tumor size, pathological stage, 
lymph node metastasis and tumor thrombus in some 
malignancies [9–11]. Consistent with these findings, 
we also found the association between Rictor expres-
sion and TNM stage as well as lymph node metastasis. 
Rictor was significantly upregulated in advanced-stage 
GC tissues and lymph node metastases. In the current 

work, we explored the survival time of different groups 
of patients depending on the status of Rictor on pri-
mary carcinomas and lymph node metastases. Rictor 
immunoreactivity in primary carcinomas as well as in 
the corresponding metastatic lymph nodes correlated 
with the worst clinical outcome. These results suggest 
that Rictor may be involved in the process of cancer 
metastases, indicating the pattern of more aggressive 
behavior which can be harbored on metastases. 

To our knowledge, only a few studies [10, 11] fo-
cused on the relationship between Rictor expression 
and GC prognosis. In the study of Bian et al., Rictor 
expression was not an independent prognostic indica-
tor when adjusting other factors [10]. In our study, we 
had the chance to explore such an association based 
on a cohort of GC patients. Several years ago, the 
GC cohort was established at the study department, 
and we collected and preserved the gastric tumor as 
well as normal tissues of GC patients who underwent 
surgery [12]. Based on the same study population,  
a long follow-up was possible and the prognosis data 
of the patients were prospectively recorded. Our data 
has shown Rictor as an independent unfavorable prog-
nostic indicator for OS and DFS both in univariate 
and multivariate analysis. 

This is the first study to show a synergistic rela-
tionship between Rictor overexpression and negative 
H. pylori status in predicting patient prognosis. The 
current study demonstrated significant additive and 
multiplicative interactions between Rictor expression 
and H. pylori status. This was suggestive of a much 
poorer survival for patients whose GC tissues were 
Rictor positive (+) and H. pylori negative (–). In our 
previous study, H. pylori (+) and H. pylori (–) GC 
tissues exhibited different biological behavior and 
prognosis, indicating different genetic alterations. 
It can be speculated that Rictor overexpression as 
potential oncogenic driver for H. pylori negative GC. 
Future studies will be needed to investigate whether 
patients with GC can be stratified based on Rictor 
amplification and H. pylori infection status to derive 
clinical benefits from target therapies. The molecular 
mechanisms need to be further elucidated. 

Rictor is a key component of mTORC2, functions 
in actin cytoskeleton, cell proliferation and survival. 
Existing evidence has demonstrated the oncogenic 
roles of mTORC2/Rictor in regulating cancer cell 
migration, invasion and metastasis in breast, prostate, 
colorectal cancers and gliomas [21–25]. Cui et al. has 
identified that over-activation of mTORC2 in glioma 
could promote proliferation and migration of neoplas-
tic cells [23]. Tumor growth of pancreatic cancer can 
be impaired by the inhibition of mTORC2 component 
RICTOR [26]. Cheng et al. found that patients with  
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a new subset of lung cancer with Rictor amplification 
could benefit from mTOR1/2 inhibitors [27]. Similar 
results were identified across solid tumors by Kim et 
al., which led to further pre-clinical and clinical inves-
tigation with AZD2014 in Rictor-amplified GC [28]. 
Other authors showed that inhibition of mTORC2/ 
/Rictor in colon cancer reduced cell proliferation in 
vitro and the formation of tumor xenografts in vivo 
[21]. These studies suggested the importance of Ric-
tor in various cancers. In the study, we confirmed the 
effects of Rictor on GC cells. Consistent with the role 
of Rictor as a potential cancer promoter, the results 
showed that the invasion and migration abilities of GC 
cells were decreased whereas apoptosis of tumor cells 
was increased when Rictor was knocked down. The 
proliferation ability of GC cells was also impaired by 
inhibition of Rictor. It has been viewed as a promising 
approach for targeting Rictor in GC therapy, since 
Rictor may play important role in GC development. 

Taken together, Rictor may be an unfavorable 
prognostic factor for GC patients. To our knowledge, 
this report is the first to demonstrate significant ad-
ditive and multiplicative interactions between Rictor 
expression and H. pylori status in predicting patient 
prognosis. In addition, the present study provided the 
evidence that Rictor functions as an oncogene that 
facilitates GC cell proliferation and promotes cell mi-
gration and invasion. The results suggest therapeutic 
potential of targeting Rictor in gastric cancer. 
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Abstract
Introduction. Uveal melanoma (UM) is the most common primary eye tumour in adults. Distant metastases 
are seen in 50% of cases regardless of treatment, which contributes to high mortality rates. Polo-like kinase-1 
(PLK-1) is a protein regulator of mitotic entry and cytokinesis. Increased PLK-1 expression has been shown in 
different tumours, which makes its inhibition a potential treatment target. To date, no study has been published 
to discuss the prognostic role of PLK-1 expression in patients with uveal melanoma.
Material and methods. We assessed by immunohistochemistry PLK-1 expression in uveal melanoma cells 
collected in 158 patients treated by primary enucleation. We determined the correlation between PLK-1 levels 
evaluated by the immunoreactivity scale (IRS) method and detailed clinical as well as histological parameters. 
Additionally, we determined the association between PLK-1 expression levels and long-term prognosis.
Results. Elevated PLK-1 expression in tumour cells, defined as IRS >2, was observed in 70% (111/158) of cases, 
whereas low expression or no expression was seen in the remaining 30% (47/158) of patients. There was a sig-
nificant correlation between low PLK-1 expression and a higher clinical tumour stage (pT, p = 0.04) as well as  
a higher AJCC prognostic stage group (p = 0.037). We observed an inverse correlation between PLK-1 expression 
and tumour cell pigment content (p = 0.0019). There was no correlation between PLK-1 expression and other 
histological parameters such as mitotic rate or histological subtype. The Kaplan-Meier’s analysis demonstrated 
that low PLK-1 expression was associated with significantly reduced overall survival (p = 0.0058). A similar 
trend, albeit not significant, was observed for disease-free survival (p = 0.088).
Conclusions. Downregulated PLK-1 expression is a negative prognostic factor in uveal melanoma. It warrants 
further, multicentre research on prognostic role of PLK-1 expression and possibility of PLK-1 inhibition in uveal 
melanoma. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 2, 108–116)

Key words: uveal melanoma; polo-like kinase-1; prognostic factor; IHC

Introduction

Uveal melanoma (UM) is the most common primary 
eye tumour in adults. The incidence in the general 
population is below 10 cases per million population 
per year [1]. We have previously discussed epidemi-
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ology and prognostic factors in uveal melanoma in  
a comprehensive review [2]. Depending on the clini-
cal course of disease, chances for vision preservation 
and patient expectations, primary tumours can be 
effectively treated with brachytherapy, proton beam 
irradiation, transpupillary thermotherapy, local resec-
tion, endoresection, or enucleation. Regardless of the 
selected treatment modality, almost 50% of affected 
patients develop distant metastases, which contributes 
to very high mortality rates [2]. Conventional chemo-
therapy, isolated hepatic perfusion, immunoemboli-
sation, surgery and checkpoint inhibitors have very 
limited efficacy in metastatic UM with the median 
overall survival (OS) of 1.07 years (range: 0.59–2.50 
years) across all treatment modalities [3].

Polo-like kinase-1 (PLK-1) is a serine/threo-
nine-protein kinase consisting of a highly conservative 
N-terminal kinase domain (KD) of 252 amino-acids 
and a C-terminal Polo-box domain (PBD), that is, 
two conserved polo-box regions of 30 amino-acids 
connected via a short linker. An interaction with 
peptides phosphorylated by other kinases involved in 
the cell cycle changes the PBD conformation. Acting 
like a clip, it docks PLK-1 at its accurately selected 
target site during the appropriate stage of cell division 

[4, 5], whereby PLK-1 becomes a master regulator of 
mitosis and cytokinesis [6].

PLK-1 has been implicated in Cdk1-cyclin B activa-
tion at mitotic entry, centrosome maturation, bipolar 
spindle formation, activation of anaphase promoting 
complex/cyclosome (APC/C), accumulation of spindle 
assembly checkpoint (SAC) proteins at kinetochores, 
sister chromatid separation, as well as cytokinesis [7–9]. 
Furthermore, PLK-1 has recently been shown to play 
a role in microtubule dynamics, DNA replication, 
chromosome dynamics, p53 regulation, and recovery 
from the G2 DNA-damage checkpoint [10].

PLK-1 overexpression has been demonstrated in 
a number of human tumours, where it often corre-
lates with increased cellular proliferation and poor 
prognosis [11–18], e.g. in skin melanoma [19, 20]. 
Therefore, it is currently considered a prooncogenic 
factor, which exerts its effect by affecting cell cycle 
checkpoints and causing genetic instability. As such, 
it is the target of cancer therapies [21], which seems 
potentially plausible also in UM [22].

The aim of this study was to assess the PLK-1 expres-
sion in UM as well as its correlation with detailed clinical 
and pathological parameters, and long-term survival.

Material and methods

Patients. The study group consisted of 158 patients with 
uveal melanoma treated by primary enucleation at the De-

partment of Ophthalmology and Ocular Oncology, Medical 
College, Jagiellonian University in Krakow, Poland, diag-
nosed in 2002–2011. Patients were enrolled in the study based 
on the availability of their medical records and tissue speci-
mens, which included paraffin blocks and histological slides. 
Comprehensive clinical data was retrieved from the archived 
medical records, and details of diagnostic and therapeutic 
procedures performed were sourced out from the Ocular 
Oncology Outpatient Clinic, University Hospital, Krakow, 
Poland. The study was reviewed and approved by the ethical 
committees of the Jagiellonian University, Krakow, Poland 
(decision no. 122.6120.58.216), and the Wroclaw Medical 
University, Wroclaw, Poland (decision no. KB-500/2017). 

Records were reviewed for clinical and pathological data 
including age, sex, affected eye, largest basal diameter and 
thickness of the tumour, tumour staging (pT and AJCC prog-
nostic stage group), tumour location relative to the equator, 
ciliary body involvement, clinical tumour pigmentation and 
shape, concomitant glaucoma and/or retinal detachment, 
histological subtype, scleral and/or optic nerve infiltration, 
as well as tumour necrosis. Additionally, detailed histological 
parameters, such as mitotic rate, presence of tumour-in-
filtrating lymphocytes (TILs), nuclear pseudoinclusions 
(NPIs), intranuclear grooves, multinucleated giant cells 
and haemorrhage, as well as tumour cell pigmentation level 
were considered. The largest basal diameter and thickness 
of the tumour were described in line with the guidelines of 
the American Joint Committee on Cancer (AJCC) [23].

Immunohistochemistry. Paraffin blocks with tissues of 158 
primary uveal melanomas were cut with a microtome to pre-
pare 4 μm-thick sections which were subsequently mounted 
on sialinized slides (Agilent DAKO, Santa Clara, CA, USA). 
The slides then underwent automated dewaxing, rehydration 
and heat-induced epitope retrieval with EnVision Target 
Retrieval Solution (Agilent DAKO) for 30 min at 97°C 
in PT Link Pre-Treatment Module for Tissue Specimens 
(DAKO). Automated immunohistochemical staining with 
anti-PLK-1 (rabbit monoclonal antibody, 208G4; #4513; 
dilution 1:100; Cell Signalling Technology, Danvers, MA, 
USA) was performed in Autostainer Link 48 (DAKO) and 
Liquid Permanent Red (Agilent DAKO) was utilized as  
a detection system. Human colorectal adenocarcinoma was 
stained as positive control. Negative controls were processed 
using FLEX Rabbit Negative Control, Ready-to-Use (Agi-
lent DAKO) in place of the primary antibody.

Evaluation of PLK-1 expression. The expression of PLK-1 in 
UM cells (Fig. 1) was determined using the semi-quantitative 
method. The two IHC reaction parameters used were the 
percentage of cells with a positive cytoplasmic reaction (the 
percentage of reactive tissue) and the intensity of cytoplas-
mic PLK-1 reaction. The Remmele and Stegner semiquan-
titative immunoreactive score (IRS) was used to compute 
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the above parameters [24]. In the IRS, the percentage of 
reactive cells scores 0–4 points and staining intensity scores 
0–3 points. The ultimate IRS is a product of multiplication 
of the above parameters, ranging between 0 and 12 points.

Tumoural pigmentation was assessed using a three-step 
scale: 0 – lack of melanin or melanin was present in < 10% 
of melanoma cells; 1 (low): melanin was present in 11–50% 
of melanoma cells; 2 (high): melanin was present in 51–100% 
melanoma cells.

Statistical analysis. Statistical analysis was performed 
using the R language [25] and the survminer tool [26]. 
For the purposes of correlation analysis, we assumed 
a dichotomous division of PLK-1 expression into low 
and high corresponding to semiquantitative IRS of ≤ 2  
and > 2, respectively. In order to determine the overall 
survival (OS) and disease-free survival (DFS), Kaplan-Meier 
curves and the log-rank test were used; all analyses were 

carried out using the survival package for R [25, 26]. In order 
to determine the correlations between the PLK-1 expression 
and continuous variables, the Wilcoxon two-sample test 
was used. The correlations between PLK-1 expression and 
binary variables were determined using the Fisher’s exact 
test while the correlations with other categorical variables 
were determined using the chi-square test. The p value 
below 0.05 was considered significant for all comparisons.

Results

PLK-1 immunoreactivity in uveal melanoma cells
High PLK-1 expression, defined as IRS > 2, was observed 
in 70% (111/158) of specimens, whereas low expression or 
no expression was seen in the remaining 30% (47/158) of 
specimens, including undetectable PLK-1 expression in 
3.8% (6/158) of specimens (Fig. 1A–B). The mean IRS 
for PLK-1 expression in tumour cells was 4 (median: 4).

Figure 1. PLK-1 expression in uveal melanoma. A. Lack of PLK-1 immunoreactivity in neoplastic cells (400×). B. Enhanced 
expression of PLK-1 in uveal melanoma cells (200×). C. Kaplan-Meier analysis of the prognostic impact of PLK-1 expression 
in uveal melanoma patients. Downregulation of PLK-1 expression was significantly correlated with reduced overall survival 
(p = 0.0058). D. A similar trend as in (C), albeit not significant, was observed for disease-free survival (p = 0.088) (D).

C D
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Correlations of PLK-1 expression  
with clinical parameters
There was a significant inverse correlation between 
PLK-1 expression and the basal tumour diameter  
(p = 0.044). Similarly, there was a significant cor-
relation between low PLK-1 expression and higher 
clinical tumour stage (pT, p = 0.040) as well as AJCC 
prognostic stage group (p = 0.037). Interestingly, high 
PLK-1 expression was associated with more advanced 
age of patients (p = 0.0019), whereas low PLK-1 
expression was associated with a higher incidence of 
retinal detachment secondary to UM (p = 0.0076) 
(Table 1).

Correlations of PLK-1 expression  
with histological parameters
There was an inverse correlation between PLK-1 ex-
pression and tumour cell pigment content (p = 0.0019)  
and a positive correlation between PLK-1 expression 
and the presence of nuclear grooves (p = 0.017). On 
the other hand, low PLK-1 expression significantly 
correlated with the presence of nuclear pseudoinclu-
sions (NPIs) (p = 0.0071). There was no significant 
correlation between PLK-1 expression and other 
histological parameters such as mitotic rate or histo-
logical subtype (Table 2). 

The effect of PLK-1 expression on long-term survival 
The Kaplan-Meier’s analysis demonstrated that low 
PLK-1 expression was associated with significantly 
reduced overall survival (p = 0.0058). A similar trend, 
albeit not significant, was observed for disease-free 
survival (p = 0.088) (Fig. 1C–D).

Discussion

PLK-1 is a protein with important roles in the regu-
lation of the cell cycle. It is physiologically strongly 
expressed in tissues undergoing intensive prolifer-
ation, such as testes, thymus, and spleen, or during 
proliferative events such as in developing embryos 
etc. [27]. Hence, the question follows whether high 
PLK-1 expression in tumour cells is associated with 
oncogenesis or intense cell proliferation. Over 25 
years of PLK-1-related research, a number of papers 
have been published to characterise its mechanism of 
action, both in the cell cycle and in cellular response 
to DNA damage [28–30].

PLK-1 and the p53 tumour suppressor protein are 
closely related in an inhibitory feedback loop, which 
is the fundamental mechanism whereby PLK-1 par-
ticipates in oncogenesis [28]. High PLK-1 expression 
leading to cell cycle acceleration was demonstrated 
in tumour cells lacking functional p53. However, 

overexpression of PLK-1 inhibits the effect of p53. 
As a result, the cell is incapable of apoptosis in re-
sponse to DNA damage and continues to function 
with increasing genomic instability and aneuploidy 
[29, 31–36]. PLK-1 depletion breaks the vicious circle 
restoring the p53 function. Importantly, it also triggers 
tumour cell apoptosis whilst preserving normal cells 
[37–39]. Apart from interaction with p53, PLK-1 may 
regulate tumorigenesis by modulating Myc stability 
[40, 41] and affecting PTEN [42] as well as other 
tumour suppressors [43].

This provides the theoretical basis for the research 
of PLK-1 inhibitors, which block kinase domain 
or PBD [4]. One of them, volasertib, was granted  
a Breakthrough Therapy designation by the FDA [44] 
and reached Phase III of clinical trials in patients aged 
65 years and above with previously untreated acute 
myeloid leukaemia [45, 46]. Nevertheless, despite 
expectations based on preclinical study findings, no 
significant clinical success of PLK-1 inhibitors has 
been reported to date [47]. The search for more 
selective inhibitors is ongoing, as kinases, including 
those of the PLK family, can often exert opposing 
effects on tumour development [27, 47]. Using PLK-1 
inhibitors in combination therapy as agents reducing 
cancer resistance to other therapies, seems promising 
at the moment [46, 47].

As pharmaceutical companies and researchers 
have been trying to find a therapeutic use of PLK-1 
inhibitors, the kinase has also sparked significant 
controversies [48]. While PLK-1 overexpression is 
linked to uncontrolled cell proliferation and impaired 
response to DNA damage, its low expression impairs 
cell cycle processes, such as spindle assembly or cen-
trosome maturation, leading to tumour progression 
[30]. Recent studies in mice not only confirmed these 
findings, but also demonstrated the potential of PLK-1 
as a tumour suppressor [49–52]. This inhibition effect 
is possible in interaction with specific oncogenes (such 
as K-Ras, Her2 or APCmin) and may be caused by up- 
or down-regulation of PLK-1 expression [43], both of 
which can induce genetic instability and aneuploidy. 
Hence, the outcomes are likely determined by other 
factors rather than a stand-alone PLK-1 expression 
level, such as oncogenesis, tumour progression or 
potential protective/repair mechanisms.

De Cárcer [43] analysed data from the Cancer 
Genome Atlas (TGCA) [53] and the Kaplan Meier 
Plotter database [54, 55], demonstrating that PLK-1 
overexpression may lead to different outcomes de-
pending on tumour type. For example, it was linked 
to shorter overall survival (OS) in patients with lung, 
bladder, and kidney clear cell carcinoma, whereas in 
patients with thymoma, lung squamous cell carcino-
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Table 1. Summary statistics for relation between expression of PLK-1 in uveal melanoma cells and clinical parameters

Clinical parameters PLK-1 IRS

Low ≤ 2 (No. 47) High > 2 (No. 111) p value

Age in years (18–86)a 63 (58–72) 59 (51–64) 0.0019

Genderc 1.0

Female 24 (51%) 58 (52%)

Male 23 (49%) 53 (48%)

Sidec 0.86

Right 22 (47%) 54 (49%)

Left 25 (53%) 57 (51%)

Largest basal tumour diameter (by AJCC)b 0.044

> 9–12 mm 2 (4%) 11 (10%)

> 12–15 mm 3 (6%) 24 (22%)

> 15–18 mm 13 (28%) 26 (23%)

> 18 mm 29 (62%) 50 (45%)

Greatest tumour height (by AJCC)b 0.75

≤ 3 mm 0 (0%) 1 (1%)

> 3–6 mm 2 (4%) 12 (11%)

> 6–9 mm 13 (28%) 28 (25%)

> 9–12 mm 16 (34%) 40 (36%)

> 12–15 mm 12 (26%) 24 (22%)

> 15 mm 4 (9%) 6 (5%)

Primary tumour (pT)b 0.040

2 1 (2%) 12 (11%)

3 11 (23%) 39 (35%)

4 35 (74%) 60 (54%)

Stageb 0.037

IIA 0 (0%) 10 (9%)

IIB 10 (21%) 33 (30%)

IIIA 15 (32%) 37 (33%)

IIIB 16 (34%) 26 (23%)

IIIC 6 (13%) 5 (5%)

Localizationb 0.53

In front of the equator 39 (55%) 32 (49%)

Equator 11 (15%) 8 (12%)

Behind the equator 21 (30%) 25 (38%)

Ciliary body involvementc 0.41

Ciliary body not involved 53 (63%) 56 (70%)

Ciliary body involved 31 (37%) 24 (30%)

Degree of pigmentationb 0.21

Amelanotic 4 (10%) 22 (21%)

Mild pigmentation 16 (38%) 42 (39%)

Intense pigmentation 22 (52%) 43 (40%)

Shapec 0.73

Dome shape 23 (50%) 60 (55%)

Mushroom shape 23 (50%) 50 (45%)

Retinal detachmentc 0.0076

No RD 3 (6%) 28 (25%)

Coexistence of RD 44 (94%) 83 (75%)

Glaucomac 0.46

No glaucoma 39 (83%) 96 (87%)

Coexistence of glaucoma 8 (17%) 14 (13%)

ap value of Wilcoxon two sample test; bp value of chi2 test; cp value of Fisher’s exact test. Statistically significant results (P < 0.05) are shown in bold text. 
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Table 2. Summary statistics for relation between expression of PLK-1 in uveal melanoma cells and histopathological parameters

Histopathological parameters PLK-1 IRS

Low ≤ 2 (No. 47) High > 2 (No. 111) p value

Histologic subtypea 0.46

Spindle cell melanoma 6 (13%) 23 (21%)

Mixed cell melanoma 34 (72%) 75 (68%)

Epithelioid cell melanoma 7 (15%) 13 (12%)

Mitotic rateb 0.47

0–4 32 (70%) 70 (63%)

5–31 14 (30%) 41 (37%)

Scleral infiltrationb 0.16

None or intrascleral infiltration 44 (94%) 109 (98%)

Full-thickness infiltration 3 (6%) 2 (2%)

Invasion of the optic nervea 0.59

No invasion 38 (81%) 91 (82%)

Optic nerve head invasion 9 (19%) 17 (15%)

Optic nerve invasion 0 (0%) 3 (3%)

Necrosisb 0.60

No necrosis 39 (85%) 92 (88%)

Necrosis present 7 (15%) 12 (12%)

Marked pleomorphismb 0.57

No marked pleomorphism 41 (87%) 101 (91%)

Marked pleomorphism present 6 (13%) 10 (9%)

TILsb 0.44

No TILs 43 (91%) 96 (86%)

TILs present 4 (9%) 15 (14%)

Multinucleated giant cellsb 0.54

No multinucleated giant cells 34 (72%) 86 (77%)

Multinucleated giant cells present 13 (28%) 25 (23%)

NPIsb 0.0071

No NPIs 21 (45%) 76 (68%)

NPIs present 26 (55%) 35 (32%)

Intranuclear groovesb 0.017

No intranuclear grooves 43 (91%) 82 (74%)

Intranuclear grooves present 4 (9%) 29 (26%)

Haemorrhageb 0.082

No haemorrhage 33 (70%) 93 (84%)

Haemorrhage present 14 (30%) 18 (16%)

Pigmentationa 0.0019

Lack of melanin 2 (4%) 12 (11%)

Low pigmentation 18 (38%) 68 (61%)

High pigmentation 27 (57%) 31 (28%)

ap value of chi2 test; bp value of Fisher’s exact test. Statistically significant results (P < 0.05) are shown in bold font.
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ma or rectal adenocarcinoma, higher PLK-1 levels 
seemed to be associated with significantly longer OS 
[43]. Interestingly, PLK-1 overexpression did not af-
fect survival prognosis in patients with ovarian cancer, 
stomach adenocarcinoma and cervical squamous cell 
carcinoma [43]. Nevertheless, the effect of PLK-1 
expression on long-term follow-up in patients with 
uveal melanoma was not assessed in that study.

In our research, contrary to most mentioned above 
reports, indicating PLK-1 as a prognostic factor for 
poor prognosis, we observed high PLK-1 expression 
in smaller UM tumours and in patients with lower 
clinical tumour stage (pT and AJCC). Furthermore, 
the Kaplan-Meier survival analysis demonstrated that 
high PLK-1 expression was associated with signifi-
cantly shorter overall survival, with a similar trend in 
disease-free survival.

PLK-1 is one of the 50 most overexpressed genes of 
primary cutaneous melanoma (CM) and its metastases 
as compared with melanocytic nevi [56]. The expression 
of PLK-1 is dynamically regulated during CM cell cycle 
and is vital for cell survival. The level of PLK-1 varies 
with tumour thickness and has prognostic value for CM. 
High PLK-1 expression was significantly correlated 
with unfavourable clinical outcome [20]. Also for thin 
melanomas (< 0.75 mm), which should have an excel-
lent prognosis, high expression of PLK-1 is a reliable 
marker for identifying patients at high risk of metas-
tasis [19]. Kinetochore complex component (NDC80),  
a downstream effector in the PLK-1 signalling path-
ways, involved in the occurrence of many tumours and 
highly expressed in a variety of cancer types, is also 
associated with poor overall survival in metastatic CM 
[57, 58]. Therefore, determining PLK-1 expression, in 
addition to the Breslow thickness, can help identify 
patients with aggressive tumours. 

Specific inhibition of PLK-1 using the commer-
cially available inhibitor BI 2536 leads to a dose- and 
time-dependent decrease in CM cell viability and 
induction of apoptosis [56]. Moreover it shows an 
additive effect with simultaneous inhibition of the 
mitogen-activated protein kinase (MAPK) signalling 
pathway or inhibition of mitogen-activated protein 
kinase/extracellular signal-regulated kinase (MEK). 
Therefore, combination of MAPK/MEK and PLK-1 
inhibition could be a potentially attractive therapeutic 
strategy in CM [56, 59–61].

Unfortunately, many differences between CM 
and UM mean that other therapeutic strategies need 
to be sought in uveal melanoma. One of proposed 
explanations is ocular immune privilege, which may 
likely alter signalling pathways in UM compared to 
skin melanoma [62]. The studies assessing biological 
drugs in UM have not shown good results to date 

[62]. Although PLK-1 inhibitors appear promising 
in oncology, and PLK-1 has been identified as one 
of UM-specific therapeutic targets [22], our results 
support the need for multicentre studies on prognostic 
significance of PLK-1 expression in uveal melanoma 
and in vitro studies to determine the effect of inducing 
or inhibiting PLK-1 expression in UM cells.
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Abstract
Introduction. Gastric cancer is one of the most common malignancies in China and the fifth most common can-
cer in the world. Gamma linolenic acid (GLA) was reported to have anti-inflammatory and anti-cancer effects. 
The purpose of this research was to investigate the effect and mechanism of GLA on gastric cancer cell growth 
under hypoxic conditions.
Material and methods. The hypoxia models of SGC-7901 and MGC-803 cells were established, and then were 
exposed to different concentrations of 50, 100 or 200 μM GLA. MTT assay, colony formation assay, wound 
healing assay and transwell assay were used to investigate the effects of GLA treatment on gastric cancer cell 
growth under hypoxia (1% O2). The expression of apoptosis- and epithelial-mesenchymal transition (EMT)-re-
lated proteins was detected by qPCR and western blot.
Results. GLA treatment significantly decreased viability and inhibited colony formation (p < 0.05, p < 0.01) of 
SGC-7901 and MGC-803 cells under hypoxia. Western blotting analysis showed that GLA treatment decreased 
the expression of proliferating cell nuclear antigen (PCNA), microchromosome maintenance complex component 
2 (MCM-2) and anti-apoptotic protein Bcl-2, while increased the expression of pro-apoptotic proteins (Bax and 
Cleaved Caspase-3) (p < 0.05 and p < 0.01). In addition, Wound healing analysis and Transwell assays showed 
that GLA treatment inhibited the migration and invasion of SGC-7901 and MGC-803 cells in a dose-dependent 
manner (p < 0.01). Western blotting analysis showed that GLA treatment increased the expression of epithelial 
marker proteins (g-catenin and E-cadherin), while decreased the expression of stromal and extracellular matrix 
marker proteins (fibronectin, Snail and b-catenin) (p < 0.01). Further analyses showed that GLA treatment 
decreased the expression of b-catenin in Wnt/b-catenin pathway (p < 0.01). Moreover, exogenous Wnt3a re-
versed the inhibitory effect of GLA on b-catenin expression, and further reversed the inhibitory effect of GLA 
on gastric cancer cell growth and EMT markers (p < 0.05, p < 0.01). 
Conclusion. These findings suggest that GLA should be tested in animal models and in clinical studies as  
a potentially effective bioactive phytochemical substance for the treatment of gastric cancer. (Folia Histochemica 
et Cytobiologica 2020, Vol. 58, No. 2, 117–126)

Key words: Gamma linolenic acid; gastric cancer; SGC-7901 cells; MGC-803 cells; hypoxia; cell growth;  
Wnt/b-catenin; EMT; apoptosis 
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Introduction 

Gastric cancer is one of the most common malignan-
cies in China and the fifth most common cancer in the 
world [1, 2]. Although great progress has been achieved 
in the survival rate after surgery, the recurrence and 
metastasis rates are still high [3]. Chemotherapy plays 
an important role in the treatment of gastric cancer. 
However, patients with distant metastasis or recurrent 
advanced gastric cancer are still incurable, and the 
median overall survival time of patients with metastatic 
disease is still not ideal [4]. In addition, the sensitivity 
of conventional radiotherapy is poor, which makes the 
5-year survival rate of gastric cancer patients still less 
than 30% [5, 6]. In general, since current therapeutic 
methods are not sufficient for the treatment of patients 
with gastric cancer [7] many drugs are currently used 
as complementary strategies for the treatment of this 
malignancy [8–11]. For example, it has been reported 
that, arginine, glutamine, and omega-3 PUFA sig-
nificantly improved the three-month survival rate of 
patients with gastric cancer [12]. 

In particular, gamma linolenic acid (GLA) is an 
omega-6 polyunsaturated fatty acid (PUFA) that is 
present in plant seed oils, such as Borago offcinalis 
[13], Oenothera biennis and Ribes nigrum [14]. As early 
as in 1980, PUFA has been shown to inhibit various 
cancer cells without affecting normal cells [15–17]. In 
the past few decades, extensive studies have confirmed 
the potential anticancer effect of these fatty acids 
[18–21]. For examples, in vivo experiments have shown 
that GLA exhibits a dose-dependent regulatory effect 
on an experimental study on hepatocellular carcinoma 
[22]. Further studies of underlying molecular mecha-
nisms indicated that GLA may exert a chemical pro-
tective effect on DEN-induced liver cancer by altering 
hypoxic microenvironment, mitochondria-mediated 
death, apoptosis, and anti-inflammatory pathways 
[22]. In addition, Chas et al. used gas chromatography 
to establish a biochemical profile fatty acids (FA) 
in the adipose tissue and found that inflammatory 
breast cancer was associated with decreased levels 
of eicosapentaenoic acid (EPA) and GLA in breast 
cancer adipose tissue [23]. However, the role of GLA 
in the progression of gastric cancer remains unknown.

In this study, we investigated the effects of GLA 
on the viability, colony formation, migration and 
invasion in vitro in SGC-7901 and MGC-803 cells 
under hypoxia, and then comprehensively analyzed 
the epithelial-mesenchymal transition (EMT). The 
underlying mechanisms were also investigated. The 
results of our study suggest that GLA may be a po-
tentially attractive bioactive phytochemical for the 
treatment of gastric cancer.

Materials and methods 

Cell culture and treatment. The gastric epithelial cell line 
GES-1, human gastric cancer cell lines SGC-7901, and 
MGC-803 were purchased from Cancer Institute of Chinese 
Academy of Medical Sciences (Beijing, China). SGC-7901 
and MGC-803 cells were seeded in RPMI 1640 (GIBCO) 
supplemented with 10% fetal bovine serum (FBS) (GIBCO, 
Grand Island, CA, USA), 100 μg/mL streptomycin and  
100 μg/mL penicillin (Hyclone, Los Angeles, CA, USA), and 
cultured at 37°C and 5% CO2 in a humid sterile incubator. 
Cells were seeded at a density of 1 × 106 cells into each  
100 mm petri dish and cultured until the cells grew to ap-
proximately 90% confluence. SGC-7901 and MGC-803 cells 
hypoxia models were established as previously described 
[24]. Briefly, SGC-7901 and MGC-803 cells were exposed 
to 1% O2, 5% CO2, and 94% N2 humidified atmosphere at 
37°C under hypoxic conditions, respectively. SGC-7901 and 
MGC-803 cells were then treated with various concentra-
tions of GLA (50, 100 and 200 μM; Sigma Aldrich, St Louis, 
MO, USA) under hypoxia. 

Cell viability assay. The effect of GLA on the viability of 
GES-1, SGC-7901 and MGC-803 cells was detected by MTT 
assay. In brief, GLA was dissolved in RPMI 1640 medium 
at a concentration of 1 M as a stock solution, which was 
then mixed with fresh medium to achieve the desired final 
concentrations (50, 100, 200 μM). Cells were seeded in a 96-
well plate at 5 × 103 cells per well under hypoxic conditions. 
Subsequently, the cells were exposed to different doses of 
GLA (50, 100 or 200 μM) or 200 ng/mL WNT3a (Abcam, 
cat.no. ab153563, Cambridge, MA, USA) [25]. The cells 
in blank control were treated with RPMI 1640 medium 
only. After incubation of the cells for 48 h, 20 μL of diluted  
(1 mg/ml) MTT (stock solution was made by dissolving MTT 
powder in 10 mg/mL of phosphate buffered saline) was 
added to the cells which were further incubated at 37°C for 
4 h. Finally, the absorbance of each well at a wavelength of 
570 nm was measured on a Microplate Reader (ELX800, 
BIO-TEK Instruments, Inc., Doraville, GA, USA). Each 
treatment was performed in triplicate.

Colony formation assay. GES-1, SGC-7901 and MGC-803 
cells were used for colony formation analysis. Briefly, 5 × 105 
cells were seeded in 60 mm culture dishes under hypoxia and 
treated with GLA (50, 100 or 200 μM) or/and Wnt3a (200 
ng/ml dissolved immediately before use). After two weeks, 
cell colonies were stained with crystal violet.

Wound healing assay. Cell migratory ability was tested by 
wound healing assay. Under hypoxic conditions, 5 × 105 cells 
were seeded in each well of a 6-well plate and cultured to 
90% confluence. Cells were exposed to different doses of 
GLA (50, 100 or 200 μM) or/and Wnt3a (200 ng/ml) and 
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cultured to monolayer cells at 37°C. Then the cells were 
scraped with the tip of a 1 mL sterile pipette. After 24 h, 
wound recovery was assessed under light microscopy.

Transwell assay. Cell invasive ability was detected by Tran-
swell assay. Cells (3 × 104) were seeded into the transwell 
upper cavity covered with matrigel and RPMI 1640 medium 
was added to the lower chamber. Then, cells were treated 
with different doses of GLA (50, 100 or 200 μM) or/and 
Wnt3a (200 ng/ml) under hypoxic conditions. After 48 h, 
the cells in the lower chamber were fixed with methanol and 
stained with crystal violet. Finally, cell colonies were counted 
by taking pictures under a light microscope.

Western blotting. The levels of the studied proteins were 
measured by western blotting. After the cells were lysed in 
lysis buffer, a whole cell lysate was obtained. Total protein 
(50–90 μg) was separated on a 10% polyacrylamide gel 
(SDS-PAGE). Subsequently, the proteins in the gel were 
transferred to a nitrocellulose membrane and blocked with 
blocking buffer (1% Tween-20 and 1% BSA, Ph 7.6 in  
20 mM TBS) at room temperature for 60 min, and then incu-
bated with antibodies (all from Abcam, Cambridge Science  
Park, Cambridge, UK) against PCNA (1:1000; cat. no. 
ab92552), MCM-2 (1:200; cat. no. ab31159), Bcl-2 (1:1000; 
cat. no. ab185002), Bax (1:500; cat. no. ab53154), Cleaved 
Caspase-3 (1:500; cat. no. ab49822) or g-catenin (1:1000; 
cat. no. ab184919), E-cadherin (1:500; cat. no. ab15148), 
fibronectin (1:1000; cat. no. ab32419), Snail (1:1000; cat. no. 
ab229701), b-catenin (1:5000; cat. no. ab32572), GAPDH 
(1:10000; cat. no. ab181602;) overnight at 4°C or for 3 h at 
room temperature. The membrane was washed 3 times with 
TBST (10 min each), and then incubated with anti-mouse 
or anti-rabbit secondary antibody (1: 1,000; cat. no. umbers 
7076 and 14708; Cell Signaling Technology, Danvers, MA, 
USA) at 37°C for 60 min. The membrane was washed twice 
with TBST and once with TBS for 15 min each wash. The 
membrane was then incubated with alkaline phosphatase 
until an appropriate signal level was visible. The protein 
band was photographed by FluorChem® Imaging Systems 
(Alpha Innotech Corp., San Leandro, CA, USA). Quantifi-
cation was performed spectrophotometrically using ImageJ 
(National Institutes of Health, Bethesda, MD, USA).

Quantitative real-time polymerase chain reaction (qRT- 
-PCR). The mRNA levels of were measured by qRT-PCR. 
Total RNAs were isolated using Trizol reagents from cells, 
and then RNA (1 μg) was reverse transcribed into cDNA 
(a template for qPCR) using QuantScript RT Kit (Tian-
gen, Beijing, China). qPCR was conducted by FastFire 
qPCR PreMix (SYBR Green) (Tiangen) with GAPDH  
as a standard reference. The expression was calculated using 
2−DDCT method. The primers were as follows:

g-catenin, F, 5’-GCTAACGTAAACGTGACTT-3’; R, 
5’-ACAACTGCTAGCTGAAACGT-3’
E-cadherin, F, 5’-CCATTCGACCATAGCTCTC-3’; R, 
5’-GGCAAATTCCGGTACGCCT-3’
Fibronectin, F, 5’-CTAGGTACGTAACGTGACG-3’; R, 
5’-GCAATCAACTTACGTTCAC-3’
Snail ,  F,  5 ’-GGCCCTTTACAGTGCACC-3’;  R, 
5’-TTCGTCGACGCTGCACACTC-3’
b-catenin, F, 5’-TTTCAACGGGTACCCTGTC-3’; R, 
5’-GCTAACTCGAATGCAACGT-3’

Statistical analysis. All data were expressed as mean ± SD 
from at least three independent experiments. Statistical 
analysis was carried out using SPSS software (version 15.0; 
IBM Corp., Armonk, NY, USA). ANOVA followed by post 
hoc was performed to evaluate the significance of differ-
ences in the mean values. p values < 0.05 were considered 
statistically significant.

Results 

GLA inhibits the viability and colony formation 
and promotes apoptosis of gastric cancer cells  
under hypoxia
As shown in Figures 1A–C, GLA, at all 3 concentra-
tions used, did not inhibit the viability, colony forma-
tion or apoptosis of GES-1 cells. Since hypoxia is the 
basic feature of tumor microenvironment, the SGC-
7901 and MGC-803 cells were cultured under hypoxia 
to study the effects of GLA (50,100 or 200 μM)  
on cell growth, viability and colony formation. The 
results showed that, compared with the control group, 
GLA treatment for 72 h significantly decreased cell 
viability and inhibited colony formation (Fig. 1D and 
1E, p < 0.05, p < 0.01). Western blot analysis showed 
that GLA treatment decreased the expression levels 
of cell proliferation-related proteins (PCNA and 
MCM-2) and anti-apoptotic protein (Bcl-2), while in-
creased the expression of anti-apoptotic proteins, Bax 
and cleaved Caspase-3, in a dose-dependent manner  
(Fig. 1F, p < 0.05, p < 0.01). 

GLA inhibits the migration and invasion  
of gastric cancer cells under hypoxia
The effect of GLA on the invasion and migration of 
gastric cancer cells was detected by transwell assay 
and wound healing assay, respectively. As shown in 
Figure 2A, the wound closure area in SGC-7901 and 
MGC-803 cells cultured under hypoxia was increased 
in a dose-dependent manner after GLA treatment 
compared with the control group (Fig. 2A, p < 0.01).  
The transwell assay showed that the invasion of SGC-
7901 and MGC-803 cells treated with GLA was de-
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creased in a dose-dependent manner compared with 
the control group (Fig. 2B, p < 0.01). 

GLA inhibits EMT and Wnt/b-catenin signaling 
pathways in gastric cancer cells
To reveal the effects of GLA on the invasion and mi-
gration of SGC-7901 and MGC-803 cells, cells were 
treated with different concentrations of GLA (50,100 
or 200 μM) under hypoxic conditions for 72 h. After 
GLA treatment, the protein levels of epithelial cell 
markers (g-catenin and E-cadherin) increased signif-
icantly, while the protein levels of the mesenchymal 
cell markers (fibronectin and Snail) were decreased 
in SGC-7901 and MGC-803 cells. Besides, GLA 
treatment also reduced the protein level of b-catenin 
protein in a dose-dependent manner compared to the 
control group (Fig. 3, p < 0.01). 

GLA inhibits hypoxia-induced EMT in gastric  
cancer cells by inhibiting Wnt/b-catenin signal pathway
To further explore the molecular mechanism,  
SGC-7901 cells were treated with GLA (200 μM) 

and/or Wnt3a (200 ng/ml). As shown in Figure 4A, 
compared with cells that were treated only with GLA, 
Wnt3a significantly reversed the inhibitory effect of 
GLA on the protein levels of epithelial cells (g-cat-
enin, E-cadherin) and EMT markers (fibronectin and 
Snail) in SGC-7901 cells (p < 0.05, p < 0.01). Results 
from qRT-PCR analyses showed consistent results 
(Fig. 4B, p < 0.05, p < 0.01). 

GLA inhibits the growth of gastric cancer cells under 
hypoxia through Wnt/b-catenin signal pathway
Finally, we analyzed the possible molecular mecha-
nism underlying the regulatory role of GLA on the 
growth of the studied gastric cancer cells under hypox-
ia. As shown in Figure 5A, Wnt3a pre-treatment for  
72 h significantly reversed the inhibitory effect of GLA 
on the viability of SGC-7901 cells (p < 0.01). Colony 
formation analysis showed that Wnt3a treatment also 
significantly reversed the inhibitory effect of GLA 
on the colony formation of SGC-7901 cells (Fig. 5B,  
p < 0.01). Wound healing assay and Transwell assay 
showed that compared with GLA treatment group, 

Figure 1. GLA inhibits the viability and colony formation and promotes apoptosis of gastric cancer cells under hypoxia. 
SGC-7901 and MGC-803 cells exposed to 1% O2, 5% CO2, and 94% N2 humidified atmopshere at 37°C were treated with 
different doses of GLA (50, 100 and 200 μM), respectively. A. Viability of GES-1 cells was measured by MTT assay. B. The 
colony formation of GES-1 cells was detected by colony formation assay. C. The protein levels of PCNA, MCM-2, Bcl-2, Bax 
and Cleaved Caspase-3 in GES-1 cells were determined by Western blotting. D. Viability of SGC-7901 and MGC-803 cells 
was measured by MTT assay. E. The colony formation of SGC-7901 and MGC-803 cells was detected by colony formation 
assay. F. The protein levels of PCNA, MCM-2, Bcl-2, Bax and Cleaved Caspase-3 in SGC-7901 and MGC-803 cells were 
determined by Western blotting. n = 3, *p < 0.05, **p < 0.01 vs. control group (no GLA).
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Figure 2. GLA inhibits the migration and invasion of gastric cancer cells under hypoxia. SGC-7901 and MGC-803 cells ex-
posed to 1% O2, 5% CO2, and 94% N2 humidified atmosphere at 37°C were treated with different doses of GLA (50, 100 or 
200 μM). The migratory ability (A) and invasive ability (B) of SGC-7901 and MGC-803 cells were detected by wound-healing 
assays and transwell assay, respectively. n = 3, *p < 0.05, **p< 0.01 vs. control group (no GLA).
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Figure 3. GLA inhibits EMT and Wnt/b-catenin signaling pathways in gastric cancer cells. SGC-7901 and MGC-803 
cells exposed to 1% O2, 5% CO2, and 94% N2 humidified atmosphere at 37°C were treated with different doses of GLA  
(50, 100 or 200 μM). The protein levels of g-catenin, E-cadherin, fibronectin, Snail and b-catenin were determined by Western 
blotting in SGC-7901 and MGC-803 cells. n = 3, *p < 0.05, **p < 0.01 vs. control group (no GLA).

Figure 4. GLA inhibits hypoxia-induced EMT of gastric cancer cells by inhibiting Wnt/b-catenin signal pathway. SGC-7901 
and MGC-803 cells exposed to 1% O2, 5% CO2, and 94% N2 humidified atmosphere at 37°C were treated with GLA (200 
μM) or/and Wnt3a (200 ng/ml). The protein levels of g-catenin, E-cadherin, fibronectin, Snail and b-catenin in SGC-7901 
and MGC-803 cells were determined by Western blotting and qPCR. n = 3, **p < 0.01 vs. GLA (0 μM) + Wnt3a (0 μM); 
#p < 0.05 vs. GLA (200 μM) + Wnt3a (200 ng/ml).
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preincubation with Wnt3a significantly reversed the 
inhibitory effects of GLA on the invasion and migra-
tion of SGC-7901 cells (Fig. 5C and 5D, p < 0.01). In 
addition, Western blotting showed that compared with 
GLA treatment group, Wnt3a treatment significantly 
reversed the inhibition of GLA on the expression of 
PCNA, MCM-2 and Bcl-2 and the expression of Bax 
and cleaved Caspase-3 in SGC-7901 cells (Fig. 5E,  
p < 0.05, p < 0.01). 

Discussion 

Despite the achievements in surgical resection and 
chemotherapy for the treatment of gastric cancer, 
its recurrence rate and metastasis rate are still high, 
and the median overall survival (OS) time of patients 
with metastatic disease is still very poor [3, 4]. GLA is  
a promising bioactive molecule that has anticancer ac-

tivity in many types of cancer [18, 22, 26, 27], but its bi-
ological activity in gastric cancer is poorly understood. 
It has been reported that regular intake of GLA could 
reduce inflammation and inhibit the development of 
cancer [28–30]. Previous studies have also shown that 
GLA inhibited cell growth in the human neuroblasto-
ma cell line [31], and decreased GLA levels are asso-
ciated with the development of inflammatory breast 
cancer [23]. GLA inhibited DMBA-induced breast 
cancer by mediating mitochondrial death and apop-
tosis, reducing hypoxic microenvironment, hindering 
the synthesis of fatty acids from scratch, and mediating 
cholinergic anti-inflammatory pathway [32]. In this 
study, we found that GLA could inhibit the activity 
and growth of hypoxic-induced SGC-7901 and MGC-
803 cells in a concentration-dependent manner, and 
reverse the migration, invasion and EMT SGC-7901 
and MGC-803 cells induced by hypoxia. Further mo-

Figure 5. GLA inhibits the growth of gastric cancer cells under hypoxia through Wnt/b-catenin signal pathway. SGC-7901 
and MGC-803 cells exposed to 1% O2, 5% CO2, and 94% N2 humidified atmosphere at 37°C were treated with GLA  
(200 μM) or/and Wnt3a (200 ng/ml). A. Viability of SGC-7901 cells were measured by MTT assay. B. The colony formation 
assay of SGC-7901 cells was performed. Cell migratory ability (C) and cell invasive ability (D) of SGC-7901 cells were de-
tected by wound-healing assays and Transwell assay, respectively. E. The protein levels of PCNA, MCM-2, Bcl-2, Bax and 
Cleaved Caspase-3 were determined by Western blotting. n = 3, *p < 0.05, **p < 0.01 vs. GLA (0 μM) + Wnt3a (0 μM); 
#p < 0.05, ##p < 0.01 vs. GLA (200 μM) + Wnt3a (200 ng/ml).
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lecular mechanisms have shown that GLA treatment 
inhibited the progression of hypoxic gastric cancer by 
inducing the inactivation of Wnt/b-catenin signaling 
pathway. This preliminary study suggested that GLA 
could inhibit the progression of gastric cancer.

Hypoxia is a common marker for several types 
of human solid tumors and an adverse prognostic 
factor that associated with the development of EMT 
[33–35]. Hypoxia-induced EMT decreased the expres-
sion of E-cadherin and other epithelial markers and 
increased the expression of N-cadherin, vimentin, and 
other mesenchymal markers [36]. Jo et al. found that 
hypoxia can induce EMT process by up-regulation 
of N-cadherin and snail/slug and down-regulation of 
PCNA in liver cancer cells [37]. Tam et al. explored the 
effects of different oxygen levels on EMT induction 
and stemness maintenance and attempted to elucidate 
the signal transduction pathways in colorectal cancer 
cells. It was found that 10% O2 may be an EMT-in-
duced condition, and inhibition of JNK can be used 
as a therapeutic method to inhibit the metastasis of 
colorectal cancer cells [38]. Consistent with the above 
results, we found that GLA induced epithelial to 
mesenchymal transformation of gastric cancer cells 
by increasing epithelial cell markers (g-catenin and 
E-cadherin), and decreasing mesenchymal cell mark-
ers (fibronectin and Snail) under hypoxia. Interesting-
ly, GLA exerted a protective role in hypoxic-induced 
EMT in gastric cancer cells, because dose-dependent 
treatment with GLA reversed the hypoxia-induced 
growth of gastric cancer cells.

It is well-known that the regulatory mechanism un-
derlying hypoxic-induced EMT is complex and com-
plicated. For example, GRP78 promoted hypoxia-in-
duced EMT in A549 cells by activating the smad2/3 
and Src/MAPK pathways [39]. Celastrus orbiculatus 
extract significantly inhibited tumor metastasis and 
EMT by inhibiting the HIF-1 alpha/Twist1 signaling 
pathway in hypoxia-induced HepG2 cells [40]. Scutel-
larin reversed hypoxia-induced EMT in breast cancer 
cells through the PI3K/Akt and MAPK pathways [34]. 
Besides, it is also reported that Wnt signaling pathway 
promotes tumor progression and metastasis in various 
cancers [41]. Previous studies have shown that the 
Wnt/b-catenin pathway is activated in gastric cancer 
[42], and contributes to tumor malignancy in gastroin-
testinal stromal tumor [43]. In gastric cancer, a variety 
of biologically active substances have been shown to 
regulate the Wnt/b-catenin pathway, such as lycopene 
[44], sinomenine [45] and cardamom [46]. However, 
whether GLA can also modulate the progression of 
gastric cancer by regulating the Wnt/b-catenin path-
way remains unknown. b-catenin is a main member of 
the Wnt signaling pathway. In general, Wnt /b-catenin 

signals promote tumor spread and development by 
activating downstream genes b-catenin, cyclin D and 
proto-oncogenes. In this study, GLA reduced the 
protein levels of b-catenin in SGC-7901 and MGC-803 
cells under hypoxic conditions in a concentration-de-
pendent manner, and thereby inhibited cell growth 
and EMT in gastric cancer. Notably, Wnt3a reversed 
the inhibitory effect of GLA on b-catenin expression, 
and further reversed the inhibitory effect of GLA on 
gastric cancer cell growth and EMT. These results 
indicated that Wnt/b-catenin signals were involved in 
the regulatory effects of GLA in gastric cancer cells.

In summary, our study showed that GLA inhibited 
hypoxia-induced cell growth and EMT by inhibiting 
the Wnt/b-catenin signaling pathway, thus demon-
strating antitumor activity in gastric cancer cell lines. 
Therefore, GLA may be a potentially attractive bioac-
tive phytochemical for the treatment of gastric cancer. 
Our findings provide a theoretical basis for GLA as  
a potential clinical drug for gastric cancer.
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Abstract
Introduction. Oxidative stress and cell apoptosis have both been suggested to be closely associated with the 
pathogenesis of Parkinson’s disease (PD). Previously, bisdemethoxycurcumin (BDMC) has been shown to 
exhibit several desirable characteristics as a candidate neuroprotective agent, including antioxidant and anti-in-
flammatory activities in the nervous system. However, whether BDMC can exert cell-protective roles in an in 
vitro model of PD remains unknown. 
Material and methods. SH-SY5Y cells were pretreated with BDMC, with or without AG490 and SI-201, for 30 
min, followed by a co-incubation with rotenone for 24 h. Subsequently, a cell viability assay and western blotting 
was performed, and SOD and GSH activities were analyzed. 
Results. The results revealed that the pretreatment with BDMC enhanced the cell survival, antioxidative stress 
capacity and the phosphorylation levels of JAK/STAT3 in SH-SY5Y cells treated with rotenone. However, 
following the incubation with AG490 and SI-201, inhibitors of the JAK/STAT3 signaling pathway, BDMC was 
unable to exert cell-protective roles in SH-SY5Y cells treated with rotenone. 
Conclusions. In conclusion, the results suggested that BDMC may exert a cell-protective role in SH-SY5Y 
cells in vitro via JAK2/STAT3 signaling, thus suggesting the possible application of BDMC for the treatment of 
neurodegenerative diseases related to JAK2/STAT3 signaling. (Folia Histochemica et Cytobiologica 2020, Vol. 
58, No. 2, 127–134)

Key words: oxidative stress; rotenone; SH-SY5Y cells; bisdemethoxycurcumin (BDMC); JAK/STAT3

Introduction

Parkinson’s disease (PD), a common neurodegenera-
tive disease [1], is mainly characterized by a substan-
tial loss of dopaminergic neurons in the substantia 
nigra, which causes a reduction of striata dopamine, 

and promotes cognitive impairment and functional 
defects [2]. Both motor and non-motor symptoms are 
observed in patients with PD, who require assistance 
in performing all activities [3, 4]. It has been suggested 
that the excessive generation of reactive oxygen spe-
cies (ROS), oxidative stress, neuroinflammation and 
mitochondrial dysfunction may all account for the loss 
of dopaminergic neurons and neuronal apoptosis [5–
7]. However, the available current therapeutic strate-
gies only provide symptomatic improvements due to 
the complex pathogenesis of PD. As a consequence, 
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there remains an urgent requirement to determine 
the pathological mechanisms of PD to discover novel 
potential therapeutic targets to effectively treat PD.

Bisdemethoxycurcumin (BDMC), a natural deriv-
ative of curcumin, has demonstrated higher polarity, 
hydrophilicity and water solubility compared with the 
parent compound curcumin [8]. It was also reported 
to exert considerable antioxidant, anti-inflammatory 
and antiproliferative activities [9], and it demonstrat-
ed more effective pharmacological properties than 
curcumin [10], which suggested that it may be a more 
promising drug for clinical use [11]. 

Oxidative stress is considered to be the main cause 
of dopaminergic neuron degeneration in PD [12, 13]. 
Attempts to target signaling pathways that may be 
associated with the pathological process of PD have 
been made to counteract oxidative stress and cell 
apoptosis, of which one of the signaling pathways is 
the Janus-activated kinase 2/signal transducer and 
activator of transcription 3 (JAK2/STAT3) signal-
ing pathway. Briefly, the signaling pathway consists 
of ligands binding to the membrane receptor and 
inducing the formation of Janus-activated kinase 
2 (JAK2) binding sites in the cytoplasm to phos-
phorylate JAK2. Subsequently, the exposure of the 
STAT3 anchor point leads to its phosphorylation and 
activation, resulting in the translocation of STAT3 
from the cytoplasm to the nucleus, to promote the 
transcription and expression of target genes [11]. 
Phosphorylated STAT3 has been discovered to pro-
mote cell proliferation, anti-inflammatory properties 
and the inhibition of apoptosis [14], and it also exert-
ed neurotrophic effects on newly generated neurons 
and synapses [15].

The aim of the present study was to investigate 
the effects and underlying mechanisms of BDMC in 
SH-SY5Y cells treated with rotenone, an agent used 
to mimic the behavioral and neuropathological con-
ditions of PD. The results indicated that BDMC may 
exert a cell-protective role against rotenone-induced 
neurotoxicity in SH-SY5Y cells via JAK2/STAT3 
signaling. 

Materials and methods

BDMC. BDMC, which contains > 80% curcumin and 
> 94% curcuminoid content purity, was purchased from 
Sigma-Aldrich (St. Louis, MO, USA). For cell incubations, 
BDMC was dissolved in 0.2% DMSO.

Cell culture and treatments. SH-SY5Y cells were cultured 
as previously described [16]. It was previously reported 
that BDMC exerted protective effects against cytotoxicity 
in retinal pigment epithelial cells at a concentration of  

15 μM [17]. Also, 100 nM rotenone induced neuronal loss, 
neuroinflammation, oxidative stress and NF-kB activity 
[18]. Therefore, the present study selected 15 μM BMDC 
(the protective concentration) and 100 nM rotenone (the 
neurotoxic concentration) for subsequent experiments.  
A total of 1 × 104 SH-SY5Y cells were seeded into 96-well 
cell culture plates (for the cell viability assay) or 24-well cell 
culture plates (for SOD, GSH and western blotting assays), 
and treated as follows: 1) Cells were pretreated with 15 μM 
BDMC for 30 min prior to a 24-h co-culture with 100 nM 
rotenone; 2) cells were pretreated with 10 μM AG490 and 
15 μM BDMC for 30 min prior to a 24-h co-culture with 
rotenone; or 3) cells were pretreated with 100 nM S3I-201 
and 15 μM BDMC for 30 min prior to a 24-h co-culture 
with rotenone. At the end of the treatment duration, a cell 
viability assay and western blotting were performed, and 
SOD and GSH activities were analyzed.

Cell viability assay. Cell viability assay was performed as previ-
ously described [19–21], with minor modifications. Briefly, at the 
indicated time points, SH-SY5Y cells were cultured in DMEM, 
supplemented with 10 μl 3-(4, 5-dimethyl-2-thiazolyl)-2, 
5-diphenyl- 2-H-tetrazolium bromide (MTT; 500 μg/ml;  
cat. no. M1020; Beijing Solarbio Science & Technology, Co., 
Ltd., Shanghai, China) for 4 h. After aspirating the culture 
medium, 100 μl dimethyl sulfoxide (DMSO) was added to 
each well in the culture plates and the cells were incubated 
at 37°C for 30 min. Finally, the optical density was measured 
with a spectrophotometer at a wavelength of 410 nm.

Measurement of SOD activity. The WST-1 Cell Proliferation 
assay kit was used to detect SOD activity, according to the 
manufacturer’s instructions (cat. no. A001-3-2; Jiancheng 
Biotech Ltd., Nanjing, China) [22, 23]. The xanthine-xanthine 
oxidase system was applied to produce superoxide ions, which 
can react with 2-(4-iodophenyl)-3-(4-nitrophenol-5-phen-
lyltetrazolium chloride) to form a red formazan dye. The 
absorbance was determined at the wavelength of 550 nm. The 
protein concentration was determined using a BCA protein 
assay kit (QPBCA, Sigma-Aldrich; Merck KGaA, Saint Louis, 
MO, USA). The values were expressed as units/mg protein, 
with one unit of SOD defined as the amount of SOD inhibiting 
the rate of reaction by 50% at 25°C.

Measurement of GSH. Measurement of GSH content was 
performed according to a previously described method 
[24], with minor modifications. Briefly, SH-SY5Y cells in 
the culture medium were centrifuged at 500 × g for 10 min 
and washed with PBS twice. The collected SH-SY5Y cells 
were resuspended in protein removal reagent and vigorously 
vortexed. Subsequently, the samples were frozen rapidly 
and thawed with liquid nitrogen twice at 37°C, and then 
incubated at 4°C for 5 min. Following centrifugation at 
10,000 × g for 10 min, the supernatants were collected. The 
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determination of GSH levels was performed using a GSH 
and GSSG assay kit (cat. no. S0053; Beyotime Institute of 
Biotechnology, Shanghai, China), according to the manu-
facturer’s instructions.

Western blotting. Western blotting was performed as 
previously described [25–27], with minor modifications. 
Briefly, whole cell lysates were obtained using a RIPA lysis 
buffer mixture (Beijing Solarbio Science & Technology 
Co., Ltd.), supplemented with PMSF (1:200; Beijing So-
larbio Science & Technology Co., Ltd.). The lysates were 
then combined with 25% LDS Sample buffer (Invitrogen; 
Thermo Fisher Scientific, Inc., Carlsbad, CA, USA) and 
heated at 95°C for 15 min. Protein samples were separated 
via 10% SDS-PAGE and transferred onto polyvinylidene 
difluoride (PVDF) membranes (EMD Millipore, Billerica, 
MA, USA) for 3 h at 300 mA. The membranes were blocked 
with 5% nonfat dry milk or BSA dissolved in Tris-HCl 
saline buffer containing 0.1% Tween-20 (TBST; pH 7.4). 
Subsequently, the blots were incubated overnight at 4°C 
with the following antibodies: Rabbit anti-p-STAT3 (1:500; 
cat. no. S2690; Sigma-Aldrich; Merck KGaA) and rabbit 
anti-p-JAK2 (1:500; cat. no. SAB4300124; Sigma-Aldrich; 
Merck KGaA). Following the primary antibody incubation, 
the membranes were washed three times for 5 min each in 
TBST and incubated with HRP-conjugated goat anti-rabbit 
secondary antibodies (1:1,000; Boster Biological Technolo-
gy, Wuhan, China) diluted in TBST for 1 h. The membranes 
were washed three times in TBST for 5 min each at room 
temperature and proteins bands were visualized with an 
enhanced chemiluminescence (ECL) solution (Bio-Rad 
Laboratories, Inc., Hercules, CA , USA). The expression 
levels were semi-quantified using ImageJ 5.0 software (Na-
tional Institutes of Health, Bethesda, MD, USA).

Statistical analysis. Data are presented as the mean ± SEM. 
Statistical comparisons between groups were performed us-
ing a Student’s t test for independent samples on SPSS 18.0 
software (SPSS, Inc., New York, NY, USA). P < 0.05 was 
considered to indicate a statistically significant difference.

Results

BDMC treatment enhances cell survival  
and the antioxidative stress ability in SH-SY5Y  
cells treated with rotenone
To investigate the effects of BDMC treatment on 
rotenone-induced SH-SY5Y cells, a cell viability assay 
was performed, and SOD and GSH activities were 
analyzed, following the pretreatment of cells with 
BDMC and the co-culture with rotenone.

The results of the cell viability assay revealed that 
compared with the control group, the cell survival rate 
was decreased in response to the treatment with 100 nM 

rotenone. Notably, compared with the rotenone-treated 
cells, BDMC treatment significantly increased the cell 
survival rate in a dose-dependent manner (Fig. 1A).

It was further discovered that compared with the 
control group, BDMC treatment did not increase 
the SOD levels (Fig. 1B), while the SOD levels were 
decreased in response to the treatment with rotenone. 
Moreover, compared with the rotenone-induced 
group, BDMC treatment significantly increased the 
SOD levels (Fig. 1B). A similar trend was observed 
for the GSH levels (Fig. 1C).

BDMC treatment enhances the phosphorylation 
levels of JAK/STAT3 in SH-SY5Y cells treated  
with rotenone
To investigate the effects of BDMC treatment on ro-
tenone-induced SH-SY5Y cells, the phosphorylation 
levels of JAK2/STAT3 were evaluated following the 
pretreatment of cells with BDMC and the co-culture 
with rotenone.

The western blotting results revealed that com-
pared with the control group (i.e. rotenone-treated 
cells), BDMC treatment did not upregulate the JAK2 
and STAT3 phosphorylation levels. The JAK2 and 
STAT3 phosphorylation levels were downregulated in 
response to the treatment with rotenone. Moreover, 
compared with the rotenone-induced group, BDMC 
treatment significantly upregulated the JAK2 and 
STAT3 phosphorylation levels (Fig. 2A–C). 

These results suggested that BDMC may inhibit 
the toxicity induced by rotenone in SH-SY5Y cells.

AG490, an inhibitor of the JAK/STAT3 signaling 
pathway, reverses the cell-protective effects  
of BDMC treatment in SH-SY5Y cells treated  
with rotenone
To investigate the effects of the JAK/STAT3 sign-
aling pathway on the cell-protective role of BDMC  
in rotenone-induced SH-SY5Y cells, STAT3 phos-
phorylation levels, cell survival, and SOD and GSH 
activities were evaluated following the pretreatment 
with AG490 and BDMC, and the co-culture with 
rotenone.

The results of the cell viability assay demonstrated 
that BDMC treatment did not increase the cell survival 
of SH-SY5Y cells induced by rotenone following the 
inhibition of JAK/STAT3 signaling pathway (Fig. 3A).

In addition, it was observed that BDMC treatment 
did not increase the SOD levels in SH-SY5Y cells 
induced by rotenone following the inhibition of JAK/ 
/STAT3 signaling pathway (Fig. 3B). A similar trend 
for GSH levels was observed (Fig. 3C).

These results suggested that BDMC treatment 
may not inhibit the toxicity induced by rotenone in 
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SH-SY5Y cells upon the inhibition of the JAK/STAT3 
signaling pathway.

S3I-201, an inhibitor of the STAT3 signaling pa-
thway, reverses the cell-protective effects of BDMC 
treatment in SH-SY5Y cells treated with rotenone
To investigate the effects of the JAK signaling path-
way on the cell-protective role of BDMC in SH-SY5Y 
cells induced by rotenone, the phosphorylation levels 
of JAK, cell survival, and SOD and GSH activities 
were analyzed following the pretreatment of cells with 
S3I-201 and BDMC and the co-culture with rotenone.

The results of the cell viability assay revealed that 
BDMC treatment did not increase the cell survival 
of SH-SY5Y cells induced by rotenone following the 
inhibition of the JAK signaling pathway (Fig. 4A).

Furthermore, BDMC treatment did not increase the 
SOD levels in rotenone-induced SH-SY5Y cells follow-

ing the inhibition of the JAK signaling pathway (Fig. 4B). 
A similar pattern was observed for GSH levels (Fig. 4C).

These results indicated that BDMC treatment may 
not inhibit the toxicity induced by rotenone in SH-SY5Y 
cells upon the inhibition of the JAK signaling pathway.

Discussion

In the present study, BDMC treatment was revealed 
to enhance the cell survival, antioxidative stress abil-
ity and the phosphorylation levels of JAK/STAT3 
in SH-SY5Y cells treated with rotenone. Moreover, 
following the inhibition of the JAK/STAT3 signaling 
pathway, BDMC was unable to exert these cell-pro-
tective roles. Thus, the present study suggested that 
BDMC treatment may protect SH-SY5Y cells from 
the neurotoxicity induced by rotenone treatment via 
the JAK/STAT3 signaling pathway.
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Figure 1. Determination of the effects of BDMC treatment on cell survival and oxidative stress in SH-SY5Y cells treated 
with rotenone. (A) A total of 1 × 104 SH-SY5Y cells were pretreated with BDMC (0, 5, 10, 15 or 20 μM) for 30 min prior to 
a 24-h co-culture with 100 nM rotenone, and the cell survival rate was calculated. A total of 1 × 104 SH-SY5Y cells were pre-
treated with 15 μM BDMC for 30 min prior to a 24-h co-culture with 100 nM rotenone, and (B) SOD and (C) GSH activities 
were measured. **P < 0.01 vs. control; ## P < 0.01, # P < 0.05 vs. rotenone-induced group from 5 independent experiments.
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Figure 2. Determination of the effects of BDMC treatment on the JAK/STAT3 signaling pathway in SH-SY5Y cells treated 
with rotenone. (A) A total of 1 × 104 SH-SY5Y cells were pretreated with 15 μM BDMC for 30 min prior to a 24-h co-culture 
with 100 nM rotenone, and western blotting was performed. Representative western blots are shown. The phosphorylation 
levels of (B) JAK2 and (C) STAT3 were upregulated following the treatment with BDMC. *P < 0.05 vs. control group;  
#P < 0.05 vs. rotenone-induced group from 5 independent experiments.

PD is a slow, progressive neurodegenerative 
disease that is associated with the degeneration of 
dopaminergic neurons [28]. The loss of dopamine 
accounts for numerous of the symptoms that ac-
company the disease, including motor dysfunction, 
mood alterations and cognitive impairment [29]. 
Due to difficulties in studying the progression of PD 
in humans, the treatment of the catecholaminergic 
neuroblastoma cell line SH-SY5Y with various neu-
rotoxins has been widely used to construct a model 
closely mimicking PD in vitro [30–32]. In the present 
study, BDMC treatment was discovered to decrease 
the cell death of SH-SY5Y cells induced by rotenone.

Oxidative stress has been identified to account for 
the progressive death of the dopaminergic neurons 
[33]. The apoptotic death of nigrostriatal dopaminer-
gic neurons is initiated by oxidative stress [34]. SOD 
and GSH are important antioxidants that scavenge 
oxygen free radicals, thus protecting against oxidative 

stress. In PD model rats, the levels of GSH, SOD and 
other free radical scavenging enzymes in the brain 
of the model rats were significantly reduced, further 
indicating that the rat model of PD demonstrated  
a reduced ability to scavenge oxygen free radicals; this 
led to the accumulation of ROS in the tissue cells, 
which in turn induced the continuous progression of 
PD [35]. In the present study, BDMC was discovered 
to protect against oxidative stress.

The activation of the JAK2/STAT3 signaling path-
way serves as a protective mechanism against oxidative 
stress [36]. In the present study, the phosphorylation 
levels of the JAK2/STAT3 signaling pathway were 
identified to be upregulated in response to BDMC 
treatment, whereas following the inhibition of this 
pathway, BDMC was unable to exert its functional 
roles.

In conclusion, the findings of the present study 
suggested that BDMC treatment may alleviate the 
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neurotoxicity of rotenone in SH-SY5Y cells by im-
proving cell survival and exerting antioxidative stress 
properties. These effects were indicated to occur 
through the inhibition of the JAK/STAT3 signaling 
pathway, which may provide a foundation for BDMC 
treatment to be considered as a novel therapeutic 
strategy for the treatment of PD.
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Abstract 
Introduction. In the alpaca diencephalon, the distribution of immunoreactive cell bodies and fibers containing 
methionine-enkephalin (MET) or substance P (SP) has been studied.
Material and methods. The immunohistochemical study was performed by standard method on the dien-
cephalon of four male alpacas that lived at sea level.
Results. Nerve fibers containing MET or SP were widely distributed in the thalamus and hypothalamus. MET- 
and SP-immunoreactive fibers showed a similar distribution in the whole diencephalon. Immunoreactive cell 
bodies containing MET or SP were only observed in the hypothalamus. The distribution of MET-immuno-
reactive cell bodies was more widespread than that observed for cell bodies containing SP.
Conclusions. A close neuroanatomical relationship between the tachykininergic (SP) and enkephalinergic 
(MET) systems was observed in the whole diencephalon suggestive of the existence of multiple physiological 
interactions between both systems. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 2, 135–146)
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Introduction

The ungulate alpaca (Lama pacos) (family: Camel-
idae; order: Artiodactyla) can live from 5,000 m 
altitude to the sea level and this means that these 
animals have unique special physiological adjustment 
mechanisms in which neuroactive substances could 

be involved [1]. The diencephalon plays important 
physiological functions: the thalamus, among other 
functions, is closely related to the relay of sensory 
information and regulation of sleep and wakefulness, 
whereas the hypothalamus plays a crucial role as  
a neuroendocrine center. Substance P (SP) (an 
undecapeptide member of the tachykinin family 
of peptides) and methionine-enkephalin (MET)  
(a pentapeptide that belongs to the opioid family of 
peptides) (Fig. 1) are widely distributed throughout 
the mammalian central nervous system (CNS). It is 
known that SP and MET are involved in functional 
and pathophysiological activities (e.g., inflammation, 
feeding behavior, immune response, neuroendocrine 
and visual mechanisms, learning, cancer, pain, de-
pression, stress) [2–9]. These actions are mediated by 
neurokinin and opiate receptors which are transmem-
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brane G-protein coupled receptors. The neurokinin-1 
receptor shows a preferential affinity for SP, whereas 
MET is a potent agonist of the delta opioid receptor 
and to a lesser extend of the mu receptor [2].

Our group has previously studied the distribution 
of several neuropeptides in the alpaca diencephalon 
(somatostatin-28) (1–12), calcitonin gene-related pep-
tide (CGRP), adrenocorticotropic hormone (18–39), 
ACTH, alpha-melanocyte-stimulating hormone (al-
pha MSH), beta-endorphin (1–27), alpha-neo-endor-
phin, leucine-enkephalin, and neurotensin) [10–14]. 
In this study we aimed to describe for the first time, 
the distribution of immunoreactive cell bodies and 
fibers containing MET or SP in the alpaca dienceph-
alon since in other mammals (e.g., rat, cat, monkey)  
a neuroanatomical relationship between SP and MET 
in the CNS has been previously reported [15–20].

Material and methods

Animals and tissue preparation. As previously reported [14], 
the study was carried out according to Spanish and Peruvian 
laws and under the supervision of the Research Commission 
of the Cayetano Heredia Peruvian University (Lima, Peru). 

Four male adult alpacas (70–80 kg) were always kept at sea 
level and were obtained from the Cayetano Heredia Peruvi-
an University (Faculty of Veterinary Medicine and Animal 
Sciences) [14]. As previously described [14], alpacas were 
deeply anaesthetized (ketamine (10 mg/kg) and xylazine 
(4 mg/kg), i.v.), heparinized and perfused via the carotid 
artery with cold NaCl (0.9%) and followed by perfusion with 
cold paraformaldehyde (4% in 0.15 M phosphate-buffered 
saline (PBS), pH 7.2). Diencephalons were dissected out, 
post-fixed overnight in paraformaldehyde and cryoprotect-
ed by immersion in increasing (10–30%) concentrations 
of sucrose solution until they sank. Using a cryostat, serial 
frontal sections (50 μm thick) were obtained. Two of five 
sections were used for immunohistochemistry: section 1, 
for anti-SP staining; section 2, for histological control or 
to be stained with cresyl violet to delineate/identify the 
diencephalic nuclei; section 3, for anti-MET staining; sec-
tions 4–5 were kept for other experimental purposes. The 
distance between sections 1 and 6 (and so on, kept in the 
same container) was about 200 μm. Thus, sections kept in 
slide container 1 were used for anti-SP and those kept in 
container 3 for anti-MET. In each container, 25–30 frontal 
sections/animal were collected. Sections were kept in PBS 
at 4° C for 2–6 days.

Figure 1. Chemical structures of substance P and methionine-enkephalin.
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Immunohistochemistry and specificity of the antisera. 
Free-floating immunohistochemistry was performed as 
previously reported [14, 21]. Sections were washed in PBS 
and incubated in PBS containing Triton X-100 (0.3%, 
Panreac, Barcelona, Spain) and normal horse serum (1%, 
Sigma-Aldrich, Madrid, Spain) for 30 min. Then, sections 
were incubated overnight (4°C) in the latter PBS solution 
containing anti-Met-5 antiserum (1/3,000) or anti-SP anti-
serum (1/3,000). Later, sections were washed in PBS and 
incubated in biotinylated anti-rabbit IgG (1:200) (Vector 
Laboratories, Burlingame, CA, USA) for 1 h. Then, sections 
were rinsed with PBS and treated with Vectastain ABC 
reagent (1:100) (Vector Laboratories) for 1 h. Sections 
were washed in PBS (30 min) and Tris-HCL buffer (10 min) 
(Panreac). Using 3, 3’-diaminobenzidine (Sigma-Aldrich) 
as chromogen and H2O2 the tissue bound peroxidase was 
developed. Finally, sections were washed with PBS and 
coverslipped with glycerol/PBS (1:1).

As formerly reported [22–24], the polyclonal primary 
antibodies (anti-SP; anti-MET) used in this study were raised 
in rabbits against immunogens assembled by coupling the full 
synthetic MET or SP to a carrier protein (human serum al-
bumin) with glutaraldehyde. Both antibodies were obtained 
at the laboratory of Professor Gérard Tramu (University of 
Bordeaux I, Talence, France). Moreover, the immunological 
properties of the anti-MET and anti-SP antisera have been 
previously published [22–24]. To confirm the specificity of 
both antisera, histological controls were carried out: 1) in 
the first incubation bath, the first antiserum was omitted; 2) 
the primary antiserum was preabsorbed with an excess of the 
antigen (100 μg/mL of diluted antiserum; e.g. anti-SP with 
SP); and 3) the primary antiserum was preabsorbed with an 
excess (10-7 M) of heterologous antigens (e.g. anti-MET with 
leucine-enkephalin). In all cases, the results confirmed the 
specificity of the immunoreactivity observed in the alpaca 
diencephalon. Moreover, as previously reported [14] and 
to avoid interference by endogenous peroxidase, sections 
were treated with H2O, NaOH and NH3 (Panreac) before 
the immunohistochemical technique was performed.

Mapping. Mapping was carried out according to the frontal 
planes of the alpaca diencephalon (the brain atlas used in this 
study is available from the Mammalian Brain Collections of the 
University of Wisconsin, Madison, WI, U.S.A.) and according 
to the alpaca diencephalic frontal sections published in previous 
papers [10–14]. For nomenclature of the diencephalic nuclei, 
we followed the nomenclature used in previously published 
works carried out in the alpaca [10–14]. Using an Olympus 
DP-50 digital camera (Olympus, Tokyo, Japan) attached to  
a Kyowa Unilux 12 microscope (Kyowa, Tokyo, Japan), photo-
micrographs were taken and Adobe Photoshop CS6 software 
was used to adjust brightness and contrast.

As previously published [10–14], the density of the im-
munoreactive fibers was considered as high, moderate, low 

and single. Sections were viewed at constant magnification 
with reference to photographs in which high, moderate or 
low densities had been previously determined [10–14]. The 
density of the immunoreactive cell bodies was considered as 
high (> 20 perikarya/section), moderate (10–20 perikarya/ 
/section) and low (< 10 perikarya/section). Moreover, cell 
bodies were classified into three categories: large (> 25 μm 
diameter), medium sized (15–25 μm) and small (< 15 μm) 
[14]. The size was measured using a micrometer grid with 
the nucleus in the focal plane.

Results 

General considerations
Figures 2–5 show the density and distribution of the 
immunoreactive structures (cell bodies and fibers) 
for MET/SP found in the alpaca diencephalon. In 
this region, 40/42 tracts/nuclei (95%) contained 
SP-immunoreactive (-Ir) cell bodies and/or fibers, 
whereas the same percentage was observed for MET-
Ir structures. In all thalamic tracts/nuclei (25 in total), 
SP- and MET-Ir structures were observed (100%), 
whereas in 15/17 (88%) of nuclei of the hypothalamus 
immunoreactivity for both neuropeptides was found.

SP- and MET-Ir fibers showed a widespread dis-
tribution in the alpaca diencephalon. Except for the 
optic tract and optic chiasm, in the diencephalon SP 
and MET immunoreactive fibers were observed in 
almost all diencephalic tracts/nuclei (40/42, 95%) and 
hence the distribution of both immunoreactive fibers 
was similar (Fig. 2; Table 1). In addition, in the alpaca 
diencephalon the density of both immunoreactive 
fibers was similar (Fig. 2; Table 1).

In the diencephalon, no SP- or MET-immunoreac-
tive cell body was observed in the thalamus, whereas in 
the hypothalamus cell bodies containing SP were only 
visualized in one nucleus (6%) and those containing 
MET in six hypothalamic nuclei (35%). Thus, in the 
alpaca hypothalamus the distribution and number of 
cell bodies containing MET was higher than those 
containing SP. The morphological characteristics of 
the SP- and MET-immunoreactive cell bodies are 
shown in Table 2. 

Finally, it is important to remark that in different 
regions of the same diencephalic nucleus, high and 
moderate densities of the studied structures were ob-
served (Table 1). In these cases, to obtain the percent-
ages appearing below the highest density was chosen.

Thalamus 
No cell body containing SP or MET was found, but 
all thalamic tracts/nuclei (25 in total) showed SP- and 
MET-Ir nerve fibers (Fig. 2; Table 1). Thus, a sim-
ilar distribution for SP- and MET-immunoreactive 
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Figure 2. Distribution of substance P- (SP) and methionine-enkephalin (MET)-immunoreactive fibers and cell bodies in 
frontal planes of the alpaca diencephalon (a–j) from rostral (a) to caudal (j) levels. Cell bodies containing the peptides are 
represented by closed circles (high density), triangles (moderate density) and squares (low density), whereas immunoreactive 
fibers are represented by slightly dark (single axons), moderately dark (low density), strongly dark (moderate density), and 
dark (high density). Abbreviations: III — third ventricle; AD — anterodorsal thalamic nucleus; AHy — anterior hypothalamic 
area; AM — anteromedial thalamic nucleus; Arc — arcuate nucleus; AV — anteroventral thalamic nucleus; CI — capsula 
interna; CL — centrolateral thalamic nucleus; CM — central medial thalamic nucleus; CP — cerebral peduncle; DA — 
dorsal hypothalamic area; F — fornix; IP — interpeduncular nucleus; LD — laterodorsal thalamic nucleus; LG — lateral 
geniculate nucleus; LH — lateral hypothalamic nucleus; LHb — lateral habenular nucleus; LM — lateral mammillary nucleus; 
LP — lateroposterior thalamic nucleus; MD — mediodorsal thalamic nucleus; ME — median eminence; MHb — medial 
habenular nucleus; MM — medial mammillary nucleus; MT — mammillothalamic tract; Opt — optic tract; Ox — optic 
chiasm; PC — paracentral thalamic nucleus; PHy — posterior hypothalamic nucleus; PVA — paraventricular thalamic nu-
cleus; PVH — paraventricular hypothalamic nucleus; Re — reuniens thalamic nucleus; Rh — rhomboid thalamic nucleus; 
Rt — reticular thalamic nucleus; Sch — suprachiasmatic nucleus; SM — stria medullaris; SOH — supraoptic hypothalamic 
nucleus; SPF — subparafascicular thalamic nucleus; STh — subthalamic nucleus; VA — ventroanterior thalamic nucleus; VL 
— ventrolateral thalamic nucleus; VM — ventromedial thalamic nucleus; VMH — ventromedial hypothalamic nucleus; VPL 
— ventroposterior thalamic nucleus, lateral part; VPM — ventroposterior thalamic nucleus, medial part; ZI — zona incerta.
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Table 1. Alpaca diencephalon: distribution and density of 
SP- and MET-immunoreactive cell bodies and fibers

Thalamus

SP MET

Nucleus CB Fibers CB Fibers

AD – s/+ – s
AM – s/+ – s
AV – s/+ – s
CL – s – s
CM – ++ – s/++
CP – s/+ – s
LD – s – s/+
LG – s – s
LHb – s/+ – s
LP – s – s
MD – s/+ – s/+
MHb – s/+ – +
PC – s – s
PVA – +/++ – ++
Re – +/++ – s/++
Rh – +/++ – s/++
Rt – s/+ – s/+
SM – s – s/+
SPF – ++ – ++
STh – + – +
VA – s – s
VL – s – s
VM – s/+ – s
VPL – s – s
VPM – s – s

Hypothalamus

SP MET

Nucleus CB Fibers CB Fibers

AHy – ++/+++ + +/+++
Arc – +++ – ++
DA – ++ – +/++
F – s/+ – s
LH – +/++ +++ ++
LM + +/++ ++ ++
ME – +++ – ++
MM – s/+ – s/+
MT – s/+ – s
Opt – – – –
Ox – – – –
PHy – ++/+++ ++ ++
PVH – ++ – ++
Sch – +++ + +++
SOH – ++ – +
VMH – ++ + ++
ZI – s/+ – s

CB — cell bodies (+++: high density; ++: moderate density; +: low 
density; –: no immunoreactivity). Nerve fibers (+++: high density; ++: 
moderate density; +: low density; s: single; –: no immunoreactivity). For 
nomenclature of the nuclei, see list of abbreviations in the description 
of Figure 2.

fibers was visualized (Figs. 4d–g; 5b–d). The density 
observed for both neuropeptides ranged from single 
fibers to moderate (Table 1). Single immunoreac-
tive fibers for SP and MET were found in 10 (40%) 
and 14 (56%) thalamic tracts/nuclei, respectively;  
a low density in 10 (40%) and 6 (24%) tracts/nuclei, 
and a moderate density in 5 nuclei (for both SP and 
MET, 20%) (Table 1).

Hypothalamus
SP-Ir cell bodies were found in the lateral mammillary 
nucleus (Fig. 5f) and MET-Ir perikarya in the ante-
rior hypothalamic area (Fig. 3e), lateral mammillary 
nucleus (Fig. 5e–g), lateral hypothalamic nucleus  
(Fig. 4c), posterior hypothalamic nucleus, suprachias-
matic nucleus and ventromedial hypothalamic nucleus 
(Fig. 2; Tables 1, 2).

Fibers containing SP (Figs. 3b, d, f; 4b) or MET 
(Figs. 3c, e, g; 4c) were observed in all hypothalamic 
tracts/nuclei studied, except for the optic tract and 
optic chiasm and hence these fibers showed a similar 
distribution (Table 1). Single SP-immunoreactive 
fibers were not observed, whereas single fibers con-
taining MET were found in 3 hypothalamic nuclei 
(18%). A low density of SP- and MET-Ir fibers were 
respectively visualized in 4 (24%) and 2 (12%) tract/ 
/nuclei; a moderate density in 6 (35%) and 8 (47%) 
hypothalamic nuclei, and a high density in 5 (29%) 
and 2 (12%) nuclei (Table 1).

Discussion

SP and MET immunoreactivity  
in the alpaca diencephalon 
For the first time, this study demonstrates the distri-
bution of the MET- and SP-immunoreactive fibers 
and cell bodies in the alpaca diencephalon. In the 
hypothalamus the distribution of MET-Ir perikar-
ya is more widespread than that observed for cell 
bodies containing SP. Our results have also shown 
a close neuroanatomical relationship between the 
enkephalinergic (MET) and tachykininergic (SP) 
systems in the alpaca diencephalon, suggesting that 
a functional relationship between both systems also 
occur. Currently, the mechanisms of possible inter-
cellular communication between both systems are 
unknown and further studies are needed to explain 
them. However, this relationship could occur via 
volume transmission (paracrine) mechanisms and/or  
synaptic contacts [25, 26]. Volume transmission is  
a slow mode of communication showing a high de-
gree of divergence. In this mode of communication, 
peptides are released into the extracellular fluid and 
diffuse longer distances to reach high-affinity recep-
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Figure 3. SP- and MET-immunoreactive cell bodies and fibers in the alpaca diencephalon. (a) Frontal section of the alpaca 
diencephalon. For the nomenclature of the nuclei, see Figure 2 (abbreviations). The photographs shown in b–g were taken 
from the regions delimited by the rectangles in a (indicated as b, c, d, e, f and g). (b) SP-immunoreactive fibers (arrowheads) 
located in the lateral hypothalamic area (LH) and fornix (F). (c) MET-immunoreactive fibers (arrowheads) located in the 
lateral hypothalamic area (LH) and fornix (F). (d) SP-immunoreactive fibers (arrowheads) located in the suprachiasmatic 
nucleus (Sch). Ox — optic chiasm. (e) MET-immunoreactive perikarya (arrows) in the anterior hypothalamic area (AHy). 
(f) SP-immunoreactive fibers (arrowheads) in the paraventricular hypothalamic nucleus (PVH). III — third ventricle. (g) 
MET-immunoreactive fibers (arrowheads) in the paraventricular hypothalamic nucleus (PVH). M — medial. V — ventral.
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Figure 4. Immunoreactive fibers and cell bodies containing SP or MET in the alpaca diencephalon. (a) Frontal section of 
the alpaca diencephalon. For the nomenclature of the nuclei, see Figure 2 for abbreviations. The photographs shown in b–g 
were taken from the regions delimited by the rectangles in a (indicated as b, c, d, e, f and g). (b) SP-immunoreactive fibers 
(arrowheads) located in the dorsal hypothalamic area (DA). III — third ventricle. (c) MET-immunoreactive cell bodies 
(arrows) in the lateral hypothalamic area (LH). Arrowheads: immunoreactive fibers. (d) SP-immunoreactive fibers (arrow-
heads) located in the paraventricular thalamic nucleus (PVA). (e) MET-immunoreactive fibers (arrowheads) located in the 
paraventricular thalamic nucleus (PVA). (f) SP-immunoreactive fibers (arrowheads) in the central medial thalamic nucleus 
(CM). (g) MET-immunoreactive fibers (arrowheads) in the central medial thalamic nucleus (CM). M — medial. V — ventral.
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Figure 5. SP- and MET-immunoreactive fibers and cell bodies in the alpaca diencephalon. (a) Frontal section of the alpaca 
diencephalon. For the nomenclature of the nuclei, see Figure 2 (abbreviations). The photographs shown in b–g were taken 
from the regions delimited by the rectangles in a (indicated as b, c, d, e, f and g). (b) SP-immunoreactive fibers (arrowheads) 
located in the subparafascicular thalamic nucleus (SPF). The region delimited by the small rectangle is showed at higher 
magnification. (c) MET-immunoreactive fibers (arrowheads) in the subparafascicular thalamic nucleus (SPF). III — third 
ventricle. (d) SP-immunoreactive fibers (arrowheads) located in the paraventricular thalamic nucleus (PVA). (e) MET-im-
munoreactive cell bodies (arrows) located in the lateral mammillary nucleus (LM). Arrowheads: immunoreactive fibers. 
(f) SP-immunoreactive cell bodies (arrows) in the lateral mammillary nucleus (LM). The region delimited by the small 
rectangle is showed at higher magnification. Arrowheads show immunoreactive fibers or dendrites. (g) MET-immunore-
active cell bodies (arrows) in the lateral mammillary nucleus (LM). Arrowheads show immunoreactive fibers or dendrites. 
M — medial. V — ventral.
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tors (e.g. neurokinin-1 and delta receptors) located 
in cell membranes [25, 27]. Moreover, both peptides 
could exert an autocrine action.

Our results show a neuroanatomical basis for 
future physiological investigations to study activities 
in which SP and MET are involved in the alpaca 
diencephalon. These actions are currently unknown, 
but the widespread distribution of SP- and MET-im-
munoreactive structures in the alpaca diencephalon 
suggests that both neuropeptides are involved in 
many physiological actions, in which SP and MET 
could interact. In mammals, it is known that SP reg-
ulates the release of prolactin, luteinizing hormone, 
dopamine and ACTH and that this undecapeptide 
is involved in vascular permeability, blood pressure 
and respiratory mechanisms, whereas MET has been 
involved in visual mechanisms, inhibition of the re-
lease of acetylcholine, dopamine, vasopressin and 
SP and controls the hypophysis [2]. For example, the 
presence of immunoreactive fibers containing SP or 
MET in the alpaca diencephalic nuclei involved in 
the transmission of pain signals suggests that SP is 
involved in this transmission and MET in the control 
of the pain transmission [28, 29]. Moreover, according 
to the neuroanatomical distribution of both peptides 
in the alpaca diencephalon and to the known actions 
in which the diencephalic nuclei are involved in other 
mammals, more physiological actions for SP/MET 
can be suggested in the camelid. Thus, in mammals, 
the lateral hypothalamic nucleus has been involved 
in feeding behavior, sleep and arousal, [30, 31]; the 
arcuate and paraventricular hypothalamic nuclei in 
neuroendocrine and stress mechanisms [32], and the 
suprachiasmatic nucleus in the circadian rhythm [33]. 
MET has been observed in the alpaca lateral hypotha-
lamic nucleus and this suggests that in the camelid the 
peptide could be involved in the previous mentioned 

actions observed in other mammals. Moreover, it is 
known that the lateral mammillary nucleus is involved 
in the control of special localization of head and 
angular velocity [34]. The observation of cell bodies 
containing SP or MET in the latter nucleus suggests 
that in alpaca both peptides could be involved in this 
action. 

Neuropeptides in the alpaca diencephalon 
Using immunohistochemical techniques, the dis-
tribution of several neuropeptides in the alpaca 
diencephalon (somatostatin, CGRP, ACTH, aMSH, 
beta-endorphin, alpha-neo-endorphin, leucine-en-
kephalin, neurotensin) has been previously published 
[10–12, 14]. Thus, in the alpaca diencephalon, the 
presence of peptidergic-immunoreactive fibers has 
been studied for ten neuropeptides (including SP 
and MET) [10–12, 14]. In all cases, the distribution of 
the peptidergic-immunoreactive fibers containing the 
mentioned ten neuropeptides in the alpaca thalamus 
and hypothalamus was widespread and, in the same 
diencephalic nuclei (e.g. anterior hypothalamic area,  
arcuate nucleus, central medial thalamic nucleus, 
paraventricular thalamic nucleus, reuniens and rhom-
boid thalamic nuclei), the presence of all ten neuro-
peptides in fibers has been demonstrated. This means, 
in general, that: (i) a close neuroanatomical relation-
ship occurs between the neuropeptides studied [10–12, 
14], (ii) the peptidergic systems show the same/similar 
distribution, (iii) the coexistence of neuropeptides is 
possible, and (iv) in most of the alpaca diencephalic 
nuclei, an elaborate modulation of the functions of 
many neuropeptides occurs. It is important to note 
that the distribution of immunoreactive fibers contain-
ing SP, MET, somatostatin, CGRP, beta-endorphin, 
aMSH, alpha-neo-endorphin or neurotensin was 
similar and that the distribution of fibers containing 

Table 2. Alpaca diencephalon: morphological characteristics of the MET- and SP-immunoreactive cell bodies

Nucleus Density Size Shape Dendritic processes

MET- immunoreactive cell bodies

AHy + Medium Polygonal 2–3

LH +++ Large Polygonal 2–4

LM ++ Large Polygonal 2–4

PHy ++ Large Polygonal, oval 2–3

Sch + Large Polygonal 2–5

VMH + Medium Pyriform, oval 1

SP- immunoreactive cell bodies

LM + Large Polygonal, oval 2–4

+++: high density; ++: moderate density; +: low density. For nomenclature of the nuclei, see list of abbreviations.
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ACTH or leucine-enkephalin, although widespread, 
was lesser than the previous eight neuropeptides 
[10–12, 14]. Regarding the peptidergic cell bodies 
found in the alpaca diencephalon, these perikarya 
were only observed in the hypothalamus [10–12, 14]. 
No immunoreactive cell body for ACTH was found in 
the hypothalamus, whereas the other neuropeptides 
showed a very restricted distribution: beta-endorphin 
and SP were observed in 1 nucleus; leucine-enkeph-
alin in 2 nuclei; somatostatin in 3 nuclei; aMSH in  
5 nuclei and MET, CGRP, alpha-neo-endorphin and 
neurotensin in 6 nuclei [10–12, 14]. In the lateral and 
ventromedial hypothalamic nuclei, the presence of 
six neuropeptides (CGRP, somatostatin, aMSH, al-
pha-neo-endorphin, neurotensin and MET) has been 
reported in perikarya; four neuropeptides (CGRP, 
aMSH, neurotensin and MET) in cell bodies located 
in the anterior hypothalamic area and arcuate nucleus; 
three neuropeptides (CGRP, alpha-neo-endorphin 
and neurotensin) in the dorsal hypothalamic area and 
paraventricular and supraoptic hypothalamic nuclei 
and two of them in the lateral mammillary nucleus, 
posterior hypothalamic nucleus and suprachiasmatic 
nucleus. The possible coexistence of these neuropep-
tides in the hypothalamic cell bodies must be studied 
in the future. Finally, it is important to remark that in 
this and the previous studies performed in the alpaca, 
for ethical considerations no colchicine was admin-
istered to animals [10–12, 14]. This could explain the 
restricted distribution of the peptidergic perikarya 
in the alpaca diencephalon, since it is known that in 
general the administration of colchicine increases the 
number and distribution of the peptidergic cell bodies.

SP and MET in the mammalian diencephalon 
Many immunohistochemical studies regarding the 
distribution of SP and MET in the mammalian dien-
cephalon have been performed [15, 16, 22, 35–45]. In 
general, the widespread distribution of the MET-im-
munoreactive fibers found in the alpaca diencephalon 
is quite similar to the distribution reported in other 
mammals. However, some differences occur. For ex-
ample, in the cat/dog thalamus, MET-immunoreactive 
fibers were mainly observed in the midline nuclei [16, 
22], whereas in alpaca these fibers were also observed 
in the lateral thalamic nuclei. In the hypothalamus, 
the dog and alpaca showed the same distribution and 
this was a slight more widespread than that found 
in the cat hypothalamus [17, 22]. By contrast, many 
differences can be observed when comparing the 
distribution of the MET-immunoreactive perikarya 
in the mammalian diencephalon. These differences 
are due to the methodology applied (administration 

of colchicine; as indicated above, this drug is used to 
increase the number of peptidergic cell bodies). In 
general, in animals treated with colchicine a wide-
spread distribution of immunoreactive cell bodies was 
observed [17, 22, 37, 38]. For example, in rats, cats and 
dogs treated with the drug, a widespread distribution of 
cell bodies containing MET was observed in the thala-
mus and hypothalamus [17, 22, 37, 38]. However, this 
widespread distribution was not observed here in the 
diencephalon of alpacas because they were not treated 
with colchicine. In summary, in comparison with other 
mammals, the distribution of MET-immunoreactive 
cell bodies in the alpaca diencephalon is very restricted.

In general, the distribution of the SP-immunoreac-
tive fibers observed in the diencephalon of the alpaca 
is similar to that reported in other mammalian species 
(e.g. rat, human) [15, 36, 43]. Thus, in the hypothala-
mus of the three species a widespread distribution of 
SP-immunoreactive fibers was observed, whereas in 
the rat and human thalamus these fibers were mainly 
located in the midline nuclei but in the alpaca fibers 
containing SP were observed in both midline and lateral 
thalamic nuclei [15, 36, 43]. Regarding the distribution 
of the SP-immunoreactive perikarya in the mammalian 
diencephalon, a more widespread distribution (in both 
thalamus and hypothalamus) was observed in rats than 
in alpacas and humans [36, 43]. This was due to the 
administration of colchicine to rats. In both alpacas and 
humans, SP-immunoreactive cell bodies showed a very 
restricted distribution in the diencephalon.

In summary, this study increases the knowledge 
on the neuroanatomical distribution of the tachy-
kininergic (SP) and enkephalinergic (MET) pepti-
dergic systems in the alpaca diencephalon. SP- and 
MET-immunoreactive fibers showed a widespread 
and similar distribution in the diencephalon. A close 
neuroanatomical relationship between SP- and 
MET-immunoreactive fibers was found, suggestive 
of multiple physiological interactions between both 
neuropeptides. The distribution of the cell bodies 
containing SP is very restricted, whereas MET-immu-
noreactive perikarya show a moderately widespread 
distribution in the hypothalamus. 
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Abstract
Introduction. The astrocytic S100b calcium-binding protein performs numerous intra- and extracellular func-
tions, promoting the survival of central nervous system (CNS) structures. Its increased synthesis and release are 
a manifestation of reactive glial behavior, crucial for the maintenance of proper neuronal function, particularly 
under the pathological conditions. The periaqueductal gray matter (PAG) is a mindbrain area composed of four 
parts dorsomedial (dm), dorsolateral (dl), lateral (l) and ventrolateral (vl)) which are involved in pain sensing 
and defensive reactions of the body. The aim of this study was to evaluate the S100b protein immunoreactive 
(S100b-IR) astrocytes in adult rats after administration of monosodium glutamate (MSG).
Material and methods. The animals were administered the saline solution (group C), 2 g/kg b.w. MSG (group I) 
and 4 g/kg b.w. MSG (group II). The study was carried out on the brain sections stained by immunohistochemical 
peroxidase-antiperoxidase method with a primary mouse antibody against the S100b protein. 
Results. The analyses showed the presence of the S100b-immunoreactive cells in dm, dl, l, vl PAG of all animals. 
In the C and I group animals, the PAG astrocytes were characterized mainly by the presence of the studied 
protein in the nucleus and cytoplasm of the cell body. In the group II rats in all parts of PAG, the S100b-IR cells 
with numerous, thicker and branched processes were observed. A decrease in the number of the S100b-IR cells 
was found in dm, dl and l PAG in the MSG-treated animals, particularly with the larger dose. The number of 
cells with the S100b expression was comparable in vl PAG in all rats.
Conclusions. MSG administered parenterally to the higher dose to adult rats affects the immunoreactivity of 
S100b protein in PAG. Phenotypic changes of the studied cells may indicate reactivity of glial cells and increased 
expression of the studied protein whereas a decrease in their number may result from the increased protein 
secretion into the extracellular space or cytotoxic death of glial cells. (Folia Histochemica et Cytobiologica 2020, 
Vol. 58, No. 2, 147–155)

Key words: rat; monosodium glutamate; periaqueductal gray matter; S100b; astrocytes

Introduction

Astrocytes are glial cells responsible for maintenance 
and control of neural homeostasis in the central 
nervous system (CNS). These cells provide a struc-
tural-metabolic support for neurons, protecting them 
against various types of damage. They also play an 
active role in the synaptic transmission, including the 
neurotransmitter metabolism, and are a source of 

many active gliotrophic and neurotrophic substances 
[1–3]. Astrocytes play a key role in the pathogenesis 
of numerous neurological and CNS disorders. More-
over, their dysfunction may affect neuronal survival 
[2, 4]. The activity of glial cells changes dynamically 
depending on the functional state of the neuronal 
microenvironment. In order to protect neurons, 
astrocytes become activated in many types of CNS 
disorders and damage. The reactivity of astrocytes to 
various CNS insults is recognized to be a pathological 
feature of structural changes in the nervous system. 
In the course of the so-called reactive astrogliosis, 
numerous changes at the molecular, cellular and func-
tional levels are observed including hypertrophy of 
cell body and cell processes, increased expression and 
synthesis of various proteins as well as the increased 
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amplitude, duration and frequency of intracellular 
calcium signals [2–7].

Calcium ions take an active part in the intracellular 
signaling and communication. The maintenance of 
their homeostasis is essential for proper cell function-
ing. A sudden increase in cellular Ca2+ concentration 
may lead to the activation of a number of enzymatic 
reactions and consequently, to the induction of 
apoptotic cell death [8]. A rapid increase in Ca+2 
levels in astrocytes was observed, among others, in 
the pilocarpine model of epilepsy [9]. During the 
kainate-induced seizures in the murine hippocampus  
a similar glial reaction was shown [10]. Kainic acid, 
as a cyclic analog of L-glutamate (Glu), is a strong 
agonist of Glu-specific ionotropic receptors [11]. 
Glu is the main excitatory neurotransmitter in CNS. 
It is present in the extracellular space at a low con-
centration. However, in the pathological states an 
increase in the extracellular Glu level is observed. 
This phenomenon results in the excessive stimulation 
of Glu-specific ionotropic receptors. Such activity can 
lead to excitotoxicity death caused by a rapid influx of 
calcium ions into the cell [12, 13]. Excitotoxicity is of 
significant importance for the pathogenesis of many 
pathological CNS conditions, e.g. ischemia [14], stroke 
[15], trauma [16], epilepsy [17], as well as neurodegen-
erative diseases [18–20]. In such pathological states, 
reactivity of astrocytes manifested by hypertrophy of 
their bodies and processes was observed [6, 7, 21]. Glu 
is also the main component of monosodium glutamate 
(MSG) which is used worldwide as a flavor enhancer. 
MSG is often used in experimental studies due to its 
toxicity [22–24]. In animals treated with MSG some 
brain lesions were observed [25–28].

There are many mechanisms that lead to a de-
crease in intracellular of Ca2+ levels. One of them is 
the presence of calcium-binding proteins that belong 
to the S100 family representing 25 relatively small 
proteins. Engaged in numerous intracellular and ex-
tracellular functions, they take part in the regulation 
of proliferation, differentiation, cell migration, apop-
tosis, energy metabolism and protein phosphorylation 
[29, 30]. Astrocytes exhibit the presence of S100b 
protein, which is an acid homodimer composed of 
two b subunits. It leads to the intracellular changes in 
the calcium ion levels and reduces their concentration 
acting as a buffer [31, 32]. Moreover, in the course of 
numerous acute and chronic disorders of the nervous 
system, presence of this protein in the extracellular 
space is demonstrated [33, 34].

The elevated level of S100b in the body fluids 
(peripheral blood, cerebrospinal fluid, urine, saliva) 
is observed during the traumatic brain injury [35, 36], 
Alzheimer’s disease [37], Parkinson’s disease [38], 

Down syndrome [39], schizophrenia [40] and mood 
disorders [41, 42]. Therefore, S100b is considered to 
be a biomarker of pathological states in the nervous 
system [32–34]. 

The periaqueductal gray matter (PAG) is a mid-
brain area. In rat it consists of four parts: dorsomedial 
(dm), dorsolateral (dl), lateral (l) and ventrolateral 
(vl). Through numerous descending and ascending 
pathways, PAG is connected with other CNS areas, 
participating in pain sensing and defensive reactions 
of the organism with characteristic autonomic symp-
toms in the respiratory and cardiovascular systems. 
Activity of this area depends on the appropriate 
level of neurotransmitters including Glu [43–46]. The 
proper concentration of this amino acid is controlled 
by astrocytes [2, 3]. Taking into account important 
functions and numerous PAG connections in CNS, it 
seems to be essential to estimate the astroglial activity 
under the conditions of the elevated Glu level in the 
extracellular space. 

The aim of this study was to evaluate the effects of 
monosodium glutamate (MSG) on the morphology, 
distribution and density of immunoreactive S100b 
astrocytes in the periaqueductal gray matter of adult 
rats.

Material and methods

Animals and material collection. The experiments were 
approved by the 2nd Local Ethical Commission for Animal 
Experiments in Lublin (No. 7/2011). The study was per-
formed on fifteen 60-day-old male Wistar rats. They were 
kept in metal cages at the temperature of 20–22°C, 60% air 
humidity, in a 12h:12h day/night cycle with continuous access 
to food and water. The rats were randomly divided into three 
groups of 5 animals each control (C), I and II. Rats of the C 
group were administered saline solution, whereas animals 
in groups I and II received monosodium glutamate (MSG) 
(Sigma-Aldrich, St. Louis, MO, USA) in the doses of 2 g/kg  
b.w. and 4 g/kg b.w., respectively, subcutaneously for 3 con-
secutive days. All animals were euthanized 24 h after the 
last injection of MSG or saline solution. Thereafter brains 
were immediately collected for examination. The material 
was fixed in the buffered 10% formalin and embedded in the 
paraffin blocks by the routine histological technique. Next, 
the frontal, 4 μm-thick sections were obtained and placed 
on the SuperFrost Plus slides.

Immunohistochemistry. The brain sections containing 
PAG from each animal were stained with indirect peroxi-
dase-antiperoxidase (PAP) method using the antibodies and 
reagents from Sigma-Aldrich. The reaction was performed 
with dilutions in 0.5M TBS (Tris-buffered saline) at pH 7.6 
according to the manufacturer’s recommendations. In the 
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first stage, all sections were dewaxed and rehydrated. Next, 
they were treated with 3% H2O2 at room temperature (RT) 
for 30 min and then with the goat serum (G9023, 1:10) for 
20 min. Then incubation with the primary mouse antibody 
against the S100b protein (S2532, 1:2000) was performed at 
4°C for 16 hours. Later the secondary goat antibody against 
the mouse IgG conjugated with the peroxidase–antiperoxi-
dase complex (A9917, 1:150) was used at room temperature 
for 1 hour. To visualize the reaction, the DAB chromogen 
(RT, 30 min.) was applied. At the final stage, all sections 
were stained with Mayer’s hematoxylin, and slip-covered 
using DPX (Fluka, Buchs, Switzerland). At the same time, 
negative control of the immunohistochemical reactions by 
omission of the primary antibody was performed. The speci-
ficity of the primary antibody was confirmed on the rat brain 
sections in our earlier study [47]. The stained sections were 
analyzed and microphotographs were obtained in Olympus 
BX40 microscope connected to the digital Olympus Color 
View III camera (Olympus, Tokyo, Japan).

Microscopic and morphometric analyses. The morphology 
and distribution of immunoreactive cells for S100b (S100b-
-IR) were evaluated on the brain sections of each animal. 
The measurements of 50 sections from each group of rats 
(10 sections/animal) were made based on the microscopic 
observations. The number of S100b-IR astrocytes identified 
by the presence of brown reaction product was measured in 
the individual parts of PAG (dm, dl, l and vl) of each animal 
from all groups (C, I, II). The measurements were conducted 
in 100 squares (2.0 × 10–2 mm2) using the grid. The anal-
yses were made in 20 randomly selected fields per animal  
(2 fields/section) using the Cell^D program. The obtained 
results from the dm, dl, l and vl PAG of rats of each group 
were presented as the average number of S100b-IR cells (N) 
in the area of 2.0 × 10–2 mm2. 

Statistical analysis. The data were subjected to the statis-
tical analyses using the Statistica software (version 12.5, 
StatSoft, Krakow, Poland). The normal distribution of data 
was verified using the Shapiro-Wilk test. The Friedman test 
was applied to compare the results between the individual 
parts of PAG within one group. The data obtained from the 
groups were compared using the Kruskal-Wallis test. The 
post-hoc Dunn test was applied in both cases. A value of  
p < 0.05 was considered as statistically significant.

Results

The microscopic analyses showed that in all animals 
in the studied groups S100b-IR cells were present in 
PAG. In all parts of the studied area of the control 
animals and in dorsomedial, dorsolateral and lateral 
part of PAG of the rats treated with the lower dose 
of MSG a brown reaction product was observed in 

the nucleus and cytoplasm of astrocytes. However, 
in ventrolateral part of PAG of animals from group 
I astrocytes containing brown reactivity product in 
the initial parts of processes were more frequent. 
These immunoreactive processes were usually less 
intensely stained, thin and did not branched. In all 
parts of PAG of rats treated with the higher dose of 
MSG, the S100b-IR cells with the brown nucleus, cell 
body cytoplasm and numerous thick and branched 
processes were present. The remaining S100b-IR cells 
showed a similar location of studied protein to that 
in the control (Figs. 1, 2).

The morphometric analyses proved the largest 
density of S100b-IR cells in dorsomedial part of PAG 
in the control group of animals. In rats which received 
MSG at both doses, astrocytes with the brown product 
of reaction were the most numerous in ventrolateral 
part of PAG. The average number of cells with the 
expression of the S100b protein was comparable in this 
part of PAG in both control and MSG-treated rats 
(Fig. 3). In dorsomedial part of PAG of groups I and II,  
a statistically significant decrease in the S100b-IR 
density of astrocytes was observed in comparison to 
the control group. In dorsolateral and lateral part of 
PAG, the mean number of S100b-IR cells in groups 
C and I animals was comparable and statistically sig-
nificantly higher than in the group II (Fig. 4).

Discussion

Our studies showed that PAGs of all animals had 
nuclear-cytoplasmic immunoreactive cells for S100b 
protein. Additionally, in the MSG administered 
animals, a phenotypically different S100b-IR type of 
astrocyte was observed. The cells presented S100b 
immunoreactivity in nucleus, cell body cytoplasm and 
cellular processes. Such morphology may indicate the 
increased protein synthesis being a sign of reactive 
astrogliosis. This phenomenon is most likely to occur 
in response to the intracellular calcium ion levels 
increase due to the enhanced activation of glutamate 
specific ionotropic receptors [48]. In the cell S100b 
protein controls calcium-dependent processes and 
regulates enzymatic activity. Its interactions with other 
molecules influence, among others, the growth, differ-
entiation and proliferation of astrocytes. This protein 
modulates cytoskeleton remodeling, which allows for 
dynamic changes in cell morphology [32]. In group II 
rats, the phenotypically modified cells occurred in all 
parts of PAG while in group I they were present only 
in vl PAG. This may be related to the increased loss 
of calretinine (CR) immunoreactive neurons being 
affected by MSG in this part of PAG as has been 
shown by us recently [49]. The CR-positive cells are 
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probably a subpopulation of inhibitory GABA-ergic 
interneurons. Their reduced number may lead to the 
increased activity of glutamatergic neurons due to  
a lack of GABA-dependent inhibition. This process 
increases further the glutamate (Glu) amount in the 
extracellular space which enhances the glial response 
[50].

Numerous studies have proved harmful influence  
of MSG on the nervous system [25–28, 51, 52]. The 
intraperitoneal administration of MSG at the dose of  
3.5 mg/g b.w. caused a decrease in number of Purkinje 
cells in rat cerebellum [27]. Neurotoxic effect of MSG 
leads to degenerative changes and death of Purkinje 
cells in the cerebellar cortex of the rats which were  

administered 3 g/kg b.w. of MSG orally for 14 days  
[26]. Astrocytes are less sensitive to the Glu-induced 
damage than neurons [53]. However, some authors 
suggest that the excess of this neurotransmitter in the 
extracellular space may also lead to the death of these 
glial cells [1, 26]. This process has been observed in both 
in vitro and in vivo studies. The cortical cultured astro-
cytes treated with glutamate for 24 hours (50–100 mM)  
showed changes in nucleus morphology, DNA  
fragmentation and activation of the caspase pathway, 
indicating apoptosis induction [1]. Death of astroglial 
cells, probably due to the oxidative stress, was also 
found in the cerebellar cortex of the rats which were 
administered 3 g/kg b.w. of MAG orally for 14 days 

Figure 1. S100b-immunoreactive cells in the dorsomedial (dm) and dorsolateral (dl) parts of periaqueductal gray matter 
(PAG) in rats from the control group (C) and rats treated sc with monosodium glutamate (MSG) in the dose of 2 g/kg 
b.w. (group I) and 4 g/kg b.w. (group II). Black arrows show non-reactive astrocytes. Red arrows show reactive astrocytes. 
S100b-immunoreactivity was detected as described in Material and methods. Objective magnification: 40×. 
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[26]. Cytotoxic glial damage may be also the cause of 
decrease in the S100b-IR density of astrocytes in PAG 
of the MSG treated animals as found in our study 
(group I and II). High concentration of Glu in the 
extracellular space leads to intracellular exhaustion 
of glutathione and accumulation of reactive oxygen 
species [54]. As a consequence, mitochondrial DNA 
damage and cell death may occur [1, 14, 23, 26, 55]. 
However, a decrease in the number of S100b-IR 
astrocytes may also be associated with the increased 
protein secretion into the extracellular space. This 
phenomenon is, among others, a result of the acti-
vation of metabotropic Glu receptors [48, 56]. The 
increased secretion of S100b protein into the extracel-

lular space occurs also after stimulation of astrocytic 
serotonin receptors (5HT1A). In the dorsal part of 
PAG, there are numerous serotonergic endings of the 
dorsal raphe nucleus neurons. Their activity increases 
in response to the increased Glu concentration [32, 50, 
57, 58]. This may account for the greatest reduction 
in S100b-IR in dm PAG cells of the MSG adminis-
tered rats observed in our study. Moreover, some 
authors suggest that the S100b protein present in the 
extracellular space can intensify apoptotic changes in 
neurons and glial, as it is toxic at the micromolecular 
concentrations [29, 30, 32]. Therefore, further studies 
are necessary to determine whether the decrease in 
the number of S100b-IR cells observed in our study 

Figure 2. S100b-immunoreactive cells in the lateral (l) and ventrolateral (vl) parts of PAG in the control (C) and monosodium 
glutamate-treated (I, II) rats. Black arrows show non-reactive astrocytes. Red arrows show reactive astrocytes. S100b-immu-
noreactivity was detected as described in Material and methods. Objective magnification: 40×.
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is the result of increased S100b protein secretion into 
the extracellular space and/or cell death.

In conclusion, the administration of MSG to the 
adult rats, particularly in large doses, affects the 
immunoreactivity of S100b protein in the PAG astro-

cytes. Phenotypic changes of these cells may indicate 
reactivity of glial cells and increased expression of the 
studied protein whereas a decrease in their number 
may result from the increased S100b secretion into 
the extracellular space and/or cytotoxic glial death.

Figure 3. The density of S100b-immunoreactive (S100b-IR) cells in the dorsomedial (dm), dorsolateral (dl), lateral (l) and 
ventrolateral (vl) parts of PAG in the control (C) and MSG-treated rats (groups I and II). The bars show the mean density 
of S100b-IR cells in the area of 2.0 × 10–2 mm2 and the whiskers represent standard deviation. *p < 0.05 — statistically 
significant differences between the parts of PAG related to the same group (Friedman test).
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Abstract 
Introduction. In ordinary dental practice, the dentist often meets with patients suffering from ulcers, aphtha with 
edema, bleeding gums, bothersome burning, and dry mouth. These are prosthetic, orthodontic patients, after 
surgery, in various age ranges. Protefix® gel is a soothing and regenerating preparation aimed at patients with 
mucosal problems. The aim of our study was to evaluate the protective properties and the safety of Protefix® 
gel application after dental procedures in vitro.
Material and methods. Human gingival fibroblasts (HGFs) were isolated from normal gingival tissues, cultured 
to full monolayer and exposed to Protefix® gel in the concentration from 1 to 100%. The viability of cells was 
examined by MTT assays. Cell migration as a response of treated cells was assessed. The expression of collagen 
III was estimated by immunocytochemistry after 20 minutes or 24 hours incubation with Protefix® gel.
Results. The obtained results indicated that the verified gel significantly stimulated fibroblasts’ proliferation, and 
mitochondrial activity determined by MTT assay increased almost two-fold for lower gel concentrations. The 
immunohistochemical detection of collagen III revealed an increased expression after incubation with 5% gel. 
Conclusions. The results proved that the gel is safe for cells derived from human gingiva and moreover has 
regenerative properties, which can be of great importance in the treatment of gingivitis after retraction and 
surgical procedures, or even ordinary daily injuries of oral cavity. (Folia Histochemica et Cytobiologica 2020, 
Vol. 58, No. 2, 156–161)

Key words: Protefix® gel; human gingival fibroblasts; cell proliferation; collagen III 

Introduction

In everyday dental practice, the dentist often meets 
with patients suffering from ulcers, aphthae with 
edema, bleeding gums, bothersome burning, and dry 
mouth. These are prosthetic, orthodontic patients, 
after surgery, in various age ranges. The etiology 
of oral mucosal damage is variable. Protefix® gel is  
a gentle and redeveloping preparation, which can be 
effectively applied by patients with mucosal problems.

It is considered that orthodontic appliances and 
moveable prosthetic restorations can cause numerous 
mucosal injuries, chronically irritating sharp gingival 

edges of the gum-bone surface. Other problems 
occur when the denture is not properly adjusted 
and this leads to proliferative lesions in the form 
of fibromuscular hypertrophic changes of the oral 
mucosa. Then, the treatment consists of the surgical 
removal of pathological granulomatous hyperplasia 
[1, 2]. Such procedures are often conducted in elderly 
patients, who very often suffer from other systemic 
diseases. Therefore, the healing process of extensive 
wounds of gingival tissues is sustained and painful. 
An unadjusted adaptation of prosthetic restorations 
to short-circuit conditions is the reason for residual 
debris and for reasons apart from mechanical irrita-
tion of the mucosa, bacteria and fungi develop.

As a result of chemical-toxic factors such as dental 
materials and solutions, for example mercury, nickel, 
and paraformaldehyde, allergic reactions may occur in 
the form of redness or burning. Among the systemic 
factors that can irritate the oral mucosa, we can dis-
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tinguish: psychosomatic diseases like hypertension 
or diabetes, hormonal changes, deficiency diseases 
of the oral mucosa like anemia or Sjogren syndrome 
that can provoke symptoms such as dry mouth and 
burning mucous. Therefore, drug-induced gingival 
papillae are exposed to injuries even at brushing, and 
the resulting pain discourages patients from regular 
daily hygiene which further escalates the problem of 
inflammation [2–4].
Protefix® gel, by dint of its gel form, is easy to apply 
and effects the extended penetration time of active 
substances into the tissue. The glyceroloxydtriester 
contained in the composition forms a lipid film on 
the gum with a protective and regenerating effect. 
Therefore, Protefix® gel is mainly targeted at patients 
suffering from abrasions or minor wounds of the 
oral mucosa. Additionally, the clove oil contained 
in Protefix® gel may minimize postoperative pain. 
In addition to its anesthetic properties, clove oil also 
exhibits antibacterial properties and eliminates bac-
teria including Escherichia coli, Mycobacterium phlei, 
Bacillus subtillis, and Streptoccocus ureus [5, 6]. The oil 
also acts antiseptically, antivirally and against fungal 
infection. The clove oil speeds up circulation, which 
results in better wound healing [3, 7–9]. Untreated 
changes in the oral mucosa may initiate the forma-
tion of periodontal disease, bone loss, loss of teeth, 
or cancer. Besides, the discomfort of painful lesions 

on the oral mucosa impedes the proper functioning 
of patients in society. 
The aim of our study was to evaluate the protective 
properties and the safety of Protefix® gel application 
in human gingival fibroblasts from primary culture 
after the simulation of dental procedures in vitro.

Materials and methods

Cell culturing. Human gingival fibroblasts (HGFs) were 
used for the experimental protocols. The HGFs were 
isolated from healthy gingival tissues according to a pro-
cedure described previously (Patent No: P 3812045) [10]. 
Cells were cultured in Dulbecco’s Modified-Eagle Medium 
(DMEM, Sigma-Aldrich, Poznan, Poland) containing 10% 
fetal bovine serum (Gibco-ThermoFisher, Warsaw, Po-
land) and enriched in 5% antibiotic/antimycotic solution 
(Sigma-Aldrich). The cultured medium was changed twice 
a week. The cell culture and all procedures were performed 
under sterile conditions using laminar flow hood. Cells were 
kept in a humidified atmosphere at 37°C and 5% CO2. For 
further experiments fibroblast cells (Fig. 1) were detached 
from the cell culture flask by trypsin (0.25% Trypsin-EDTA,  
Sigma-Aldrich) and resuspended in appropriate cell culture 
dishes. 

Cell viability assay. HGFs were seeded into transparent 
96-well plates. After 24 h, Protefix® gel (Quiesser Pharma 

Figure 1. Schematic representation of Protefix® gel experimental verification by MTT, migration assay and immunocyto-
chemistry.

Viability assay

Migration assay
Cell culture

Colagen III 
immunocytochemical method
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Poland Sp z o.o., Warsaw, Poland) was added at various 
dilutions (1, 5, 10, 25, 50, 75 and 100%) for 20 min or 24 h  
incubation. Gel dilutions (1–75%) were prepared in cell 
culture medium and added in volume of 200 μl/well to the 
96-well plate. Control cells were incubated for the same 
time in the presence of the complete cell culture medium. 
All experiments were performed in triplicate. After the 
incubation, an MTT assay (Sigma-Aldrich) was performed 
to determine the cell viability. The method is based on the 
detection of activity of the mitochondrial enzyme succinate 
dehydrogenase. This converts the orange, water-soluble 
tetrazole salt (3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide) to formazan. This product has the 
form of dark purple, insoluble crystals. Due to their dis-
solution with isopropanol (they are not soluble in water), 
a colored solution is formed. The intensity of the colored 
reaction is verified spectrophotometrically at 570 nm. The 
amount of the resulting colored product indicates the oxi-
dative activity of the mitochondria in the cells, and thus the 
number of viable cells in the entire population (the more 
reduced the MTT, the greater the number of metaboli-
cally active cells). The measurements were performed on  
a Multiskan™ FC microplate photometer (Thermo Scientific,  
Alab, Warsaw, Poland).

Evaluation of cellular migration. The evaluation of cell 
migration was performed on Nunc 35 mm Petri dishes 
(Biokom, Janki, Poland). Protefix® gel drops (100% concen-
tration) were applied to sterile dishes. The plate was then 
covered with a fibroblast suspension at the density of 5 × 103 
cells. All observations of cell migration in the presence of the 
gel were carried out after 24 and 48 hours using an Olympus 
CX41 (Olympus, Tokyo, Japan) inverted light microscope.

Immunocytochemical evaluation of collagen III. Human 
normal fibroblasts were placed onto 10-well microscopic 
slides (Menzel, Equimed, Wroclaw, Poland). After 24 h 
when the cells were attached to the surface, Protefix® gel 
dilutions were added to the cells. The expression of collagen 
III was estimated using immunocytochemistry after 20 min-
utes and 24 hours incubation with Protefix gel and fixed in 
4% fresh paraformaldehyde (Roth, Karlsruhe, Germany). 
Cells were stained using rabbit polyclonal collagen III (cat. 
No.: sc-271249, Santa Cruz, CA, USA). Collagen type III 
and I are the main ingredients of the interstitial matrix and 
play the main role in remodeling and reconstruction of the 
external matrix while type III collagen together with type I 
collagen are the main constituents of the interstitial matrix. 
Type III is especially responsible for wound healing [11]. 
The antibody was diluted with PBS buffer in the proportion 
1:200. The detailed protocol was performed according to our 
previous study [12]. The quantification of the level of stained 
reaction in treated cells that revealed immunocytochemical 
reaction was estimated as a percentage values. The stained 

cells’ counting was performed by two independent investiga-
tors. The intensity of immunoassayed reaction was evaluated 
as (–) negative (no reaction), (–/+) pattern reaction; (+) 
weak, (++) moderate, and (+++) strong.

Statistical analysis. The statistical significance was calcu-
lated by two-way ANOVA test using the control group of 
the untreated fibroblasts incubated as a reference. Values 
were presented as a mean ± SD; n = 3 and judged as  
a statistically significant for p < 0.05.

Results

Cell viability by MTT assays
The results of cell viability after exposition to gel 
in various concentrations are shown in Figure 2. 
We observed a tendency to a slight, statistically not 
significant decrease in cell viability after exposition 
to 100% and 75% gel concentration. The lower 
concentrations (1–25%) of the examined gel showed 
significantly stimulating properties in terms of cell 
proliferation which increased by more than 50% in 
relation to untreated control cells (where the level of 
control cells was 100%).

Evaluation of cellular migration
In another experiment, cell migration ability was 
tested in the presence of Protefix® gel (Fig. 3). These 
observations showed a fairly high cell affinity for the 
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Figure 2. The impact of Protefix® gel in various dilutions on 
human gingival fibroblasts after exposure for 20 min and 24 h  
time. X-axis: dilution level of used gel, Y-axis cell viability 
expressed as a percentage of control cells. The results are 
presented as mean values of the percentage of the untreated 
control cells. Data represent mean values of a minimum of 
triplicate repetitions *p ≤ 0.05.
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gel. Here we could observe that fibroblasts grew rap-
idly to form a full monolayer in the gel-coated area 
on the Petri dish. Even prolonged observations of up 
to 48 hours showed that the presence of the gel had 
a positive rather than inhibitory effect on cell growth.

Estimation of Collagen III  
by the immunocytochemical method
The results of the immunostained reaction are pre-
sented in Figure 4. In Table 1 is shown the quantifica-
tion of the percentage values of the cells characterized 

Figure 4. Immunohistochemical visualization of collagen III expression in human gingival fibroblasts after exposure to 
Protefix® gel in concentrations of 1%, 5% and 25% for 20 min and 24 h. 

Figure 3. The effect of Protefix® gel in 100% concentration (placed on the culture plate) on human gingival fibroblasts 
migration ability after 24 h (A and B) and 48 h (C) time of exposure. Symbols: g — gel; f — fibroblasts.
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by stained reaction demonstrating collagen III. The 
obtained results revealed the trace expression of 
this protein in control cells. After the exposure to 
Protefix® gel in concentrations of 1%, 5%, and 25%, 
a significant increase of the reaction intensity was 
observed, especially after 24 h. 

Discussion

Currently, in prosthetic practice it is extremely im-
portant to carefully select preparations for adhesive 
dentures so as not to provoke any injuries or allergic 
reaction. In the present study, Protefix® gel was veri-
fied in an in vitro approach on human fibroblasts de-
rived from primary gingival tissue. This therapeutic gel 
is designed in particular for those patients who have 
problems with mucosa, recurrent aphthous stomatitis 
(RAS) and other mucosa gingival problems. More-
over, triester glycerol oxide is the topical agent which 
has the property of adherence to the oral mucosa by 
forming a lipid film which protects against mechanical 
trauma and may help to reduce oral tissue moisture 
loss and inflammation [13–15]. Many clinical random-
ized investigations have been conducted to assess the 
efficiency of Protefix® gel for patients suffering for 
various problems with gingival mucosa such as recur-
rent aphthous stomatitis (RAS) [16]. However, there 
have not been any investigations in which the safety 
for surrounding gingival tissue has been confirmed 
in vitro. Our in vitro study showed that Protefix® gel 
activated proliferation of human gingival fibroblasts. 
Cell viability slightly decreased only after incubations 
of HGF with 100 and 75% gel concentrations. The 
lower concentrations of evaluated gel were involved 

in significant stimulating properties of HGF cells. The 
observed increase even exceeded 50% in relation to 
untreated control cells. This was also confirmed by 
another experiment in which cell migration ability was 
tested. Our prolonged observations of up to 48 hours 
demonstrated the positive effect of Protefix® gel on 
human gingival fibroblasts growth. The expression of 
collagen III was also examined semi-quantitatively 
by the immunocytochemical method. The expression 
of collagen III in control, untreated cells revealed 
only pattern expression. However, after exposure to 
Protefix® gel in concentrations of 1, 5 or 25% human 
gingival fibroblasts demonstrated significant increases 
in the color reaction, especially after 24 hours. The 
results showed that Protefix® gel was involved in re-
generation, due to increased collagen III expression 
in treated cells. This type of collagen is mainly present 
in the tissue formed from fibroblasts before type I  
collagen is produced. Its significant expression is 
observed during wound healing, where it forms fibers 
of connective tissue and proper connective tissue. 
Collagen III is produced by fibroblasts and is primarily 
involved in the formation of the peptide scaffolds of 
collagen I. This process could play the main role inter 
alia in wound healing promotion and especially in 
periodontal ligament tissue regeneration [17].

In conclusion, the results of our study suggest that 
the proper selection of the regeneration materials for 
gingival tissue used in everyday prosthetic practice 
is essential. Our results prove that the tested gel 
has regenerative properties, which can be of great 
importance in the treatment of gingivitis after re-
traction, surgical procedures, or even with ordinary 
daily injuries. 
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