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Foxo3a aggravates inflammation and induces  
apoptosis in IL-1-treated rabbit chondrocytes  
via positively regulating tenascin-c
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Abstract
Introduction. Osteoarthritis (OA) is the most common degenerative disease in middle-aged and elderly individ-
uals that causes joint deformity and limb disability. Accumulating evidence has suggested that the pathogenesis 
of OA has been related to various mechanisms such as apoptosis, inflammation, oxidative stress and metabolic 
disorders. The aim of this study is to clarify the role of Foxo3a in the progress of OA in an in vitro model.
Materials and methods. The chondrocytes were derived from rabbit, and treated with IL-1b, which was used as 
an in vitro OA model. The over-expression and down-regulation of Foxo3a were achieved by transfection with 
overexpression vector or shRNA, respectively. The mRNA level of iNOS in chondrocytes was quantified by 
qPCR. Tenascin-c (Tnc) production was measured by ELISA and apoptosis-associated proteins were analyzed 
by Western blotting. The MTT assay was used to assess the viability of chondrocytes.
Results. Foxo3a and iNOS expression were upregulated in IL-1b-treated chondrocytes. Foxo3a silencing de-
creased iNOS expression, and inhibited apoptosis of IL-1b-treated chondrocytes. The production of Tnc was 
significantly increased in IL-1b-treated chondrocytes and was positively regulated by Foxo3. Importantly, extra-
cellular addition of Tnc abrogated the protective effects of Foxo3a knockdown on IL-1b — treated chondrocytes.
Conclusion. The present study indicated that down-regulation of Foxo3a protected IL-1b-treated chondrocytes 
by decreasing iNOS expression and suppressing chondrocytes’ apoptosis via modulating tenascin-c, which could 
be regarded as a potent therapeutic target for the treatment of OA. (Folia Histochemica et Cytobiologica 2020, 
Vol. 58, No. 1, 1–8)

Key words: chondrocytes; IL-1b; osteoarthritis in vitro; Foxo3a; iNOS; tenascin-c; apoptosis; shRNA

Introduction

Osteoarthritis (OA) is known as a degenerative dis-
ease that gradually causes joint deformity and limb 
disability, which further causes a reduction in the 
quality of life and increases mortality [1]. OA is one of 

the most common diseases in middle-aged and elderly 
individuals. In particular, the incidence of OA is more 
than 60% among people over 65 years of age [2]. Once 
the disease occurs, a balance of extracellular matrix 
(ECM) synthesis/degradation is broken and ultimately 
leads to the destruction of joint tissue [3]. Accumu-
lating evidence suggests that the pathogenesis of OA 
is linked with various mechanisms. At the cellular 
level, apoptosis of articular chondrocytes and articu-
lar cartilage tissue cells is induced by several factors 
including cytokines, chemokines, Toll-like receptor 
ligands, and other inflammatory mediators such as 
nitric oxide [4]. At the molecular level, reactive oxygen 
species (ROS)-mediated oxidative stress signaling in 
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chondrocytes, as well as mitochondrial dysfunction, 
metabolic disorders and other abnormal molecular 
signals are involved in the massive loss of cartilage, 
which are characteristics of OA [5]. Non-steroidal an-
ti-inflammatory drugs (NSAIDs), the most common 
clinical treatment for OA, cause several serious side 
effects like peptic ulcer, nervous system dysfunction 
and bleeding after long-term use [6].

Tenascin-c (Tnc) is a member of the growing fam-
ily of ECM proteins, and is expressed in normal adult 
tissues [7]. However, it is re-expressed during healing 
wounds, inflammatory responses and tumorigenesis 
[8, 9]. For instance, a high level of Tnc was found in 
cartilage, synovial tissue and synovial fluid [10]. It was 
also reported that Tnc promotes the proliferation 
and migration of cells during both OA and rheuma-
toid arthritis [11]. Midwood et al., found that Tnc is 
involved in maintaining inflammation under arthritic 
joint disease [12].

Foxo3a, a Forkhead transcription factor of Fork-
head box, class O (Foxo) subfamily, has been recently 
studied extensively as a critical protein that involved 
in the regulation of inflammation [13]. In arthritis, an 
increase in the expression as well as phosphorylation 
of Foxo3a in the blood of patients with rheumatoid 
arthritis was reported [14]. However, the exact role of 
Foxo3a in the pathogenesis of OA remains unclear. 
Therefore, understanding underlying mechanism of 
OA is helpful to explore effective molecular targets 
of this disease. Hence, the aim of this study was to 
clarify the role of Foxo3a in the progress of OA in an 
in vitro model of this disease.

Materials and methods

Animals and chondrocytes isolation. The one-year old New 
Zealand white rabbits were purchased from Shanghai SLAC 
Laboratory Animal Co., Ltd (Shanghai, China). All proce-
dures were approved by the Medical Ethics Committee of 
the First Affiliated Hospital of Huzhou Normal University 
(Approval no. 2019008). The rabbits were housed at room 
temperature (23–27°C) with a 12 h light: 12 h dark cycle, 
and the food and water were provided ad libitum. Prior 
to the animal experiment, rabbits were anesthetized with 
isoflurane, and then the articular cartilage was carefully 
harvested from knee joints by sterile dissection. Cartilage 
was cut into pieces as thin as possible (approximately  
1 mm3) using SLICE!T® (Dr. Khan’s Creation, Mahar-
ashtra, India), followed by digesting with enriched DMEM 
medium containing collagenase type II (Sigma-Aldrich 
Chemical Co, St. Louis, MO, USA) at the concentration of 
2 mg/mL for 24 h at 37°C.

Primary chondrocytes’ culture and treatment. After colla-
genase digestion, isolated chondrocytes were washed with 

Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, 
Carlsbad, CA, USA) supplemented with 10% fetal bovine 
serum (FBS) (Gibco) and 1% penicillin/streptomycin  
(0.1 mg/mL and 100 Units/mL (P/S, Gibco) and cultured in 
5% CO2 humidified incubator at 37°C. The chondrocytes were 
cultured until the 3rd passage and were used for the induction 
of OA in vitro model by adding to the isolated chondrocytes 
recombinant IL-1b (Sigma-Aldrich) at the concentration of 
100 ng/mL for 48 h (based on a review by Johnson et al. [15]).

Plasmid construction. The lentiviral short hairpin RNA 
(shRNA) expression constructs to silence Foxo3a (Fox-
o3a-shRNA) were designed using the program published 
online by Invitrogen (Thermo Fisher Scientific, Waltham, 
MA, USA). The designed Foxo3a-siRNA-expressed vector 
was generated by Shanghai Genechem Co., Ltd (Shanghai, 
China). The shRNA strands were: sense 5’-AUCUAA-
CUCAUCUGCAAGUUU-3’; anti-sense: 5’-ACUUG-
CAGAUGAGUUAGAUUU-3’. As the negative control 
for shFoxo3a, shNC was constructed. HA-Foxo3a WT was 
a gift from Michael Greenberg (Addgene plasmid #1787; 
http://n2t.net/addgene:1787; RRID: Addgene_1787). The 
plasmid was amplified by EcoRI-XbaI into Flag tagged pcD-
NA3.1 retroviral backbone to develop pcDNA3.1-Foxo3a. 
pcDNA3. 1-NC was generated as a control.

Transfection. The chondrocytes were plated in 96-well plates 
at 104 cells per well overnight, followed by transfection with 
either shRNA-Foxo3a or Foxo3a overexpression vector 
using Lipofectamine 2000 (Invitrogen, Thermo Fisher 
Scientific) according to the manufacturer’s instructions. The 
recombinant Tnc (1 µM) (Sigma-Aldrich) was added to the 
medium when chondrocytes were transfected.

RNA isolation, cDNA synthesis and quantitative PCR 
(qPCR). Total RNA from chondrocytes was extracted 
by TRIzol reagent (Invitrogen) following the instruction 
provided by the manufacturer. The RNA was reversely 
transcribed into complementary DNAs (cDNAs) using 
SuperScript IV First-Strand Synthesis System (Invitrogen) 
according to the manufacturer’s instruction. The reverse 
transcription was carried out at 50°C for 1 h, and then 1 unit 
of RNase H (Takara, Dalian, China) was treated at 37°C 
for 15 min. The amplification conditions include a total of 
30 cycles of pre-denaturation for 3 min at 94°C, followed by 
denaturation for 30 sec at 94°C, annealing at 58°C for 30 sec 
and extension for 60 sec at 72°C. The expression of inducible 
nitric oxide synthase (iNOS) was measured by SYBR-Green 
Master Mix (Applied Biosystems, Waltham, MA, USA) on 
ABIViiA7 Real-Time PCR System (Applied Biosystems). 
GAPDH was used as internal control for gene analysis.

The primer sequences were as follow: iNOS: 5’-CTGT-
GACGTCCAGCGCTACA-3’, 5’-GCACGGCGA- 

TGTTGATCTCTCGCCT-3; GAPDH: 5’-GGAGAAA-
GCTGCTAA -3’, 5’-ACGACCTGGTCCTCGGTGTA-3’.
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Western blotting. The proteins from chondrocytes were lysed 
by radioimmunoprecipitation assay (RIPA) buffer. Protein 
assay was then used to quantify the concentration using a BCA 
Protein Assay Kit (Thermo Fisher Scientific). Fifty micrograms 
of protein were subjected to SDS-PAGE electrophoresis, and 
separated proteins were transferred to polyvinylidene diflu-
oride (PVDF) membrane (Immobilon-P; EMD Millipore, 
Darmstadt, Germany). After that, the membrane was blocked 
with 5% of skill milk in TBS-T for 1 h and then incubated 
with 1000 time-diluted primary antibodies against Foxo3a 
(ARP38041-P050, Aviva Systems Biology, San Diego, CA, 
USA), Bax (OAED00050, Aviva Systems Biology), Bcl-2 (LS-
C465574-100, LifeSpan BioSciences, Inc, Seattle, WA, USA) 
and cleaved Caspase-3 (NB600-1235, Novus Biologicals, LCC 
Centennial, CO, USA) overnight at 4°C. After washing three 
times in TBS-T, the membrane was incubated with secondary 
antibody for 1 h at room temperature. The GAPDH, as an 
internal control, was measured by anti-GAPDH (GTX100118, 
GENETEX, Inc) and its secondary antibody. Protein expres-
sion was detected using Luminata Forte Western HRP Sub-
strate (Millipore) with a Bio-Rad ChemiDox XRS+ imaging 
system (Bio-Rad Laboratories, Hercules, CA, USA).

Cell viability. The viability of chondrocytes was detected 
using 3-(4,5)-dimethylthiahiazo(-z-yl)-3,5-di-phe-nytera-
zolium-bromide (MTT) (Gibco) assay based on mitochon-
drial reduction of MTT to formazan. Chondrocytes were 
pre-seeded in 96-well plate at a density of 104 cells/well. 
Next day, the chondrocytes were transfected with or without 
shRNA or vectors in the presence of recombinant human 
IL-1b (100 ng/mL). After incubation for 48 h, the medium 
was replaced with 200 µL of fresh medium. Then, 3 mg/mL  
of MTT in PBS was added into each well (20 µL/well). After 
incubation for 1.5 h, 150 µL of culture supernatant was re-
moved from each well and the formazan crystal were lysed by 
100 µL of MTT stop solution (0.4% HCl, 10% Triton X-100 
in isopropanol). After incubation for 12 h, the absorbance 

was measured at 570 nm with 655 nm as reference wavelength 
on a microplate reader (Bio-Rad).

Measurement of Tnc level. Tnc production was measured by 
rabbit ELISA kit (MyBioSource, Inc, San Diego, CA, USA) 
according to the manufacturer’s instruction. Briefly, diluted 
samples or standard recombinant tenascin were added into 
96-well plates coated with anti-Tnc antibody for 2 h at room 
temperature. After washing, the detection antibody reacted 
at room temperature for 2 h, followed by addition of an avi-
din-horseradish peroxidase conjugates to bind captured anti-
gen. The reaction was measured by the absorbance at 490 nm.

Statistical analysis. All data were expressed as means ± 
standard deviation (SD). Data for each experiment were 
acquired from at least three independent experiments. 
Statistical analyses were performed by using Student’s 
t-test via GraphPad Prism 7 (GraphPad Software, Inc., 
San Diego, CA, USA), with the level of significance set 
at p < 0.05.

Results

Foxo3a and iNOS were upregulated in IL-1b-treated  
chondrocytes
As shown in Figure 1A, Foxo3a protein expression 
in IL-1b-treated chondrocytes was significantly 
increased compared with control chondrocytes. Im-
portantly, the mRNA expression of inducible nitric 
oxide synthase (iNOS), a biomarker of severe cellular 
stress, in IL-1b-treated chondrocytes was also higher 
than that in control chondrocytes (Fig. 1B).

Foxo3a knockdown inhibited IL-1b-treated  
apoptosis of chondrocytes
To further investigate the mechanism underlying the 
role of Foxo3a in the development of OA in our in 
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Figure 1. Foxo3a and iNOS were upregulated in IL-1b-treated chondrocytes. The chondrocytes derived from rabbit knee joints 
were stimulated with IL-1b (100 ng/mL) for 48 h. The protein level of Foxo3a and mRNA level of iNOS were determined by 
western blotting (A) and qPCR (B), respectively. The data are presented as mean ± SD (n = 3). Symbols: ‘ctrl’ — untreated, 
control chondrocytes, ‘OA’ — IL-1b-treated chondrocytes. **p < 0.01, OA vs. control. 
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vitro model, we knocked-down Foxo3a expression 
in IL-1b-treated chondrocytes by shRNA transfec-
tion. It was found that shRNA treatment strongly 
reduced Foxo3a protein expression in IL-1b-treated 
chondrocytes (Fig. 2A). qPCR assay revealed that 
Foxo3a knockdown significantly decreased IL-1b- 
-treated iNOS expression (Fig. 2B). The reduction of 
anti-apoptotic protein Bcl-2 and enhanced levels of 
pro-apoptotic proteins, i.e. cleaved caspase-3 and Bax, 
were observed in IL-1b-treated chondrocytes (Fig. 2C).  
Interestingly, Foxo3a knockdown up-regulated Bcl-2 
expression and decreased the proteins levels of Bax 
and cleaved caspase-3 in IL-1b-treated chondrocytes 
as compared with cells transfected with shRNA 
(Fig. 2C). MTT assay analysis showed that Foxo3a 
knockdown prompted the decreased viability caused 
by IL-1b in chondrocytes (Fig. 2D). Thus, these data 
suggested that Foxo3a knockdown promotes IL-1- 
-induced apoptosis of chondrocytes.

Foxo3a positively regulates Tnc expression 
The level of Tnc was upregulated in IL-1b-treated 
chondrocytes as compared to the control (Fig. 3A). As 

shown in Figure 3B, the level of Tnc in IL-1b-treated 
chondrocytes was dramatically decreased after shR-
NA-Foxo3a transfection (Fig. 3B). In contrast, the level 
of Tnc was significantly enhanced when Foxo3a was 
overexpressed in IL-1b-treated chondrocytes (Fig. 3B).

The protective effects of Foxo3a knockdown  
on IL-1-treated chondrocytes were reversed  
by extracellular Tnc

To further evaluate whether Tnc was involved 
in the protective effects of Foxo3a knockdown in 
IL-1b-treated chondrocytes, Tnc was added extracel-
lularly to the cultures of IL-1b-treated chondrocytes. 
It was found that the level of Tnc was appreciably 
increased in the presence of extracellular Tnc in 
IL-1b-treated chondrocytes that were transfected 
with Foxo3a shRNA (Fig. 4A). The decreased ex-
pression levels of iNOS, Bax and cleaved caspase-3 
caused by Foxo3a knockdown were rescued by the 
treatment with extracellular Tnc (Figs. 4B and 4C).  
In contrast, shFoxo3a-enhanced Bcl-2 expression was 
significantly declined in the presence of extracellular 
Tnc in IL-1b-treated chondrocytes (Fig. 4C). It should 

Figure 2. Foxo3a knockdown inhibited IL-1b-treated apoptosis of chondrocytes. The chondrocytes derived from rabbit were 
stimulated with IL-1b (100 ng/mL), followed by treatment with shNC or shFoxo3a for 48 h. The protein level of Foxo3a and 
mRNA level of iNOS were determined by western blotting (A) and qPCR (B), respectively. The expression of apoptosis-as-
sociated proteins including bcl-2, bax and caspase-3 were analyzed by western blotting (C). The cell viability was measured 
by MTT assay (D). The data are presented as mean ± SD (n = 3). Symbols as in the description of Figure 1. **p < 0.01, 
OA vs. control; @@p < 0.01, OA + Sh-Foxo3a vs. OA + Sh-NC. 

0.0

0.0

0

0.0

1

0.5

20

1.0

40

60

1.5

0.5

0.5

1.0

1.0

2.0

1.5

1.5

**

**

**

**

@@

@
@

@
@

@
@

**

**

@@

@@

Foxo3a

GAPDH

ctrl

A

C

B

D

ctrl

Bcl-2

Bcl-2

ctrl

ctrl

ctrl
OA+shNC
OA+shFoxo3a

ctrl

OA+
shFoxo3a

Cleaved
Caspase-3

Cleaved
Caspase-3

GAPDH

OA+
shFoxo3a OA+

shFoxo3a

OA+
shFoxo3a

OA+
shFoxo3a

OA+shNC

Bax

Bax

OA+shNC
OA+shNC

OA+shNC
OA+shNC

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

R
el

at
iv

e 
iN

O
S

 e
xp

re
ss

io
n

R
el

at
iv

e 
ce

ll
 v

ia
bi

li
ty



5Foxo3a role in IL-1-treated rabbit chondrocytes

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2020
10.5603/FHC.a2019.0022

www.journals.viamedica.pl/folia_histochemica_cytobiologica

Figure 4. Extracellular tenascin-c abrogated the protective effect of down-regulated Foxo3a on IL-1b-treated chondrocytes. 
The chondrocytes were stimulated with IL-1b (100 ng/mL), followed by treatment of shFoxo3a in the absence or presence 
of tenascin-c (1 µM). The level of tenascin-c in medium and mRNA level of iNOS were determined by ELISA (A) and 
qPCR (B), respectively. The expression of apoptosis-associated proteins was analyzed by western blotting (C), and the cell 
viability was measured by MTT assay (D). The data were represented as mean ± SD (n = 3). Symbols as in the description 
of Figure 1. **p < 0.01, OA + shNC vs. control; @@p < 0.01, OA + shFoxo3a vs. OA + shNC; ##p < 0.01, OA + shFoxo3a 
+ tenascin-c vs. OA + shFoxo3a. 
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be noted that Tnc treatment effectively inhibited 
the increased cell viability caused by shFoxo3a in 
IL-1b-treated chondrocytes (Fig. 4D). The evidence 
suggested that Foxo3a, as a positive regulator of 
Tnc, contributed to the apoptosis of IL-1b-treated 
chondrocytes.

Discussion

Currently, the treatment strategies for OA mainly in-
volve relieving the symptoms such as joints’ pain, swell-
ing, and muscle tension to improve the quality of life. 
NSAIDs, prescribed for a long-term use, are currently 
the primary pharmacological OA treatment. However, 
some dangerous side effects are associated with such  
a treatment [16]. Therefore, safe and effective therapy 
for OA is urgently needed to be developed. It has been 
reported that Foxo3a expression is altered in various 
types of inflammatory diseases [17]. To our knowledge, 
our current study is the first to demonstrate that Foxo3a 
is highly expressed in IL-1b-treated chondrocytes com-
pared with control chondrocytes, suggesting the Foxo3a 
might be a potential biomarker for OA. 

Inducible NOS expression is induced by various 
factors such as inflammatory cytokines (IL-1b, IL-17,  
TNF-a and IFN-g) [18], bacterial infection [19]  
and degradation of extracellular matrix [20]. The  
upstream targets of iNOS expression are associ-
ated with three main regulators including NF-kB, 
STAT-1 and MAPKs signaling pathways [21]. More 
specifically, IL-1b-induced OA is mainly associated 
with translocation of NF-kB into nucleus, where it 
binds to the promotor region of iNOS [22]. Subse-
quently, iNOS efficiently catalyzes the production 
of nitric oxide (NO) which plays a critical role in the 
pathogenesis of OA [23]. It has been reported that 
iNOS-mediated NO production in OA chondrocytes 
is the leading cause of cartilage destruction, and de-
pletion of iNOS in mice inhibited the development 
of OA [24]. Consistently, we found in our study that 
iNOS expression was significantly increased in IL-1b- 
-treated chondrocytes as compared to the control cells.  
It was demonstrated that NO synthesis was actively 
progressed in OA chondrocytes [25]. In other words, 
OA chondrocytes might undergo some cellular events 
like inflammatory response, apoptosis or oxidative 
stress [26]. Moreover, increased expression of iNOS 
and NO have been found in vivo in inflammatory, sep-
tic arthritis and in patients with rheumatoid arthritis 
[27]. Meanwhile, our data showed that enhancement 
of iNOS expression was suppressed by down-regula-
tion of Foxo3a what suggests that Foxo3a could be 
a new clinical target for OA treatment and also for 
other iNOS-related inflammatory diseases.

Chondrocytes apoptosis is also regarded as the key 
factor in OA progression. Nitric oxide generation is 
known as the primary executioner of chondrocytes 
apoptosis through regulating caspase-3-dependent 
signaling [28]. Mechanically, NO-induced chondro-
cytes apoptosis is associated with mitochondrial dys-
function, DNA damage and iNOS signaling [29]. In 
this study, we provided evidence that down-regulated 
Foxo3a inhibited chondrocytes apoptosis through 
regulating caspase-3-dependent signaling, indicating 
that inhibition of Foxo3a expression offers a clini-
cally-relevant perspective for the treatment of OA 
by regulating chondrocytes’ apoptosis. However, the 
detailed mechanism of this phenomenon should be 
clarified in future study. Recently, many researchers 
point out that oxidative stress is a critical risk factor 
for the onset of OA [30]. ROS, as the mediators of 
oxidative stress, not only participate in the process 
of cell matrix degradation but also control chondro-
cytes’ life cycle during OA [30]. On the other hand, 
Foxo transcription factors have been implicated in 
various ROS-related processes including cellular ag-
ing, proliferation, senescence or apoptosis [31]. For 
instance, mammalian Sterile 20-like kinase 1 (MST-1)  
mediates ROS-induced neuronal apoptosis via Fox-
o3a phosphorylation [32]. Foxo3a also suppressed 
ROS-induced apoptosis in differentiated 3T3-L1 
adipocytes [33]. Hence, the mechanism underlying 
the protective effect of down-regulated Foxo3a on 
chondrocytes’ apoptosis might be also associated with 
ROS-mediated signaling.

Tenascin-c is ECM glycoprotein which increased 
levels were found in the synovial fluid in OA patients 
[34]. Production of Tnc can also induce inflammatory 
mediators and promote matrix degradation in OA, 
and its levels could serve as a biomarker of joint 
damage and a trigger of further joint degradation [35, 
36]. In our in vitro system, the level of Tnc was signifi-
cantly increased in OA chondrocytes compared with 
control chondrocytes, which was related to Foxo3a 
expression. Therefore, these results suggest that 
Foxo3a is critically involved in the production of Tnc 
during OA. In other words, Foxo3a may regulate the 
OA-mediated inflammation via modulating Tnc. Fur-
thermore, extracellular addition of Tnc abrogated the 
effects of Foxo3a knockdown on apoptosis and iNOS 
expression in IL-1b-treated chondrocytes, suggesting 
that Tnc promoted apoptosis in IL-1b-mediated OA 
chondrocytes. On the contrary, the protective effect 
of Tnc on human OA cartilage was observed in an 
in vitro system [37]. It was shown in Tnc–/– mice that 
cartilage repair was significantly slower than that 
in wild type mice, and cartilage degeneration was 
enhanced by deficiency of Tnc [38]. Furthermore, 
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Matsui’s group reported that deficiency of Tnc de-
layed articular cartilage repair in vivo and treatment 
of full-thickness osteochondral defects by filling the 
defect with exogenous Tnc results in the inhibition of 
cartilage degeneration [39]. These different results 
may be affected by experimental model, experimental 
object or experimental conditions. In spite of this, the 
exact mechanisms of how Tnc plays dual roles in OA 
remain unclear, and needs further research.

In the present study, we provided evidence that 
down-regulated Foxo3a protects in vitro against IL-1b- 
-mediated inflammation and IL-1b-induced chon-
drocytes’ apoptosis. These results also revealed that 
those protective effects of down-regulated Foxo3a 
on OA were blocked by extracellular addition of Tnc, 
indicating that down-regulation of Foxo3a exhibited 
the potent cytoprotective activity in the in vitro OA 
model via modulating Tnc. Our study suggests potential 
usefulness of targeting Foxo3a as a candidate for the 
development of a novel and effective treatment for OA.
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apoptosis of hFOB1.19 cells through targeting CTSS
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Abstract
Background. Postmenopausal osteoporosis (PMO) is a common disease related to aging, which has been paid 
increasing attention in recent years because of its serious complications. MiR-491-3p was found to play a cru-
cial roles in several diseases. However, the role of miR-491-3p in PMO has yet not been studied. Our research 
intends to explore the impact of miR-491-3p on PMO in the in vitro model. 
Material and methods. The expression patterns of miR-491-3p and cathepsin S (CTSS) in patients with PMO 
were acquired from the GEO database. The human osteoblast cell hFOB1.19 was used to detect the function of 
miR-491-3p and CTSS in PMO. The viability and apoptosis of hFOB1.19 cells were measured by cell counting 
kit 8 and flow cytometry assays. The apoptosis and differentiation related proteins were analyzed by western 
blotting. The relationship between miR-491-3p and CTSS was predicted by appropriate software and affirmed 
by luciferase assay. 
Results. MiR-491-3p expression was lower in patients with PMO. The up-regulation of miR-491-3p in hFOB1.19 
cells increased their viability and differentiation and inhibited their apoptosis. CTSS, which was highly expressed 
in patients with PMO, was confirmed as a direct target of miR-491-3p and was found to be inversely modulated 
by miR-491-3p. The rescue assays showed that overexpression of CTSS suppressed the promoting effects of miR-
491-3p mimic on the proliferation and differentiation of hFOB1.19 cells, and repressed the inhibitory effects of 
miR-491-3p mimic on apoptosis of hFOB1.19 cells. 
Conclusions. The results of our study showed that miR-491-3p could ameliorate biological characteristics of 
hFOB1.19 cells by reducing CTSS expression suggesting that miR-491-3p/CTSS might be a potential biomarker 
for the diagnosis and treatment of PMO. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 1, 9–16)

Key words: postmenopausal osteoporosis; osteoblastic hFOB1.19 cells; miR-491-3p; cathepsin S;  
proliferation; apoptosis; flow cytometry

Introduction

In recent years, an increasing number of women over 
the age of 50 are being affected by the postmenopau-
sal osteoporosis (PMO), which leads to an increased 
economic and social burden [1]. Bone health is mainly 
dependent on the dynamic balance between bone 
formation and bone resorption. Disorders of bone me-
tabolism easily induce bone-related diseases, especial-

ly osteoporosis, which can result in a decrease in bone 
density and an increase in the risk of fracture [2, 3].  
Bone homeostasis is a remolding procedure regulat-
ed by three types of osteocytes, including osteoclast, 
osteoblast, and osteocyte [4]. PMO is considered to 
be a direct result of the decrease of endogenous es-
trogen in postmenopausal women, accompanied by  
a significant reduction in bone mass [5, 6]. Therefore, 
estrogens were widely used to treat PMO for a period 
of time. After hormonal therapy was found to increase 
the risk of heart disease and breast cancer, the use 
of estrogens dropped dramatically, even though 
the risk was low [7]. Several drugs are being used to 
treat PMO, including bisphosphonates, calcitonin, 
and other, however, they show adverse effects on the 
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gastrointestinal tract [7]. Therefore, it is imperative 
to understand the pathogenesis of PMO and develop 
effective therapeutic strategies.

MicroRNAs (miRNAs), as 22-25 nucleotides 
non-coding small RNAs, play an indispensable role in 
regulating genes expression in organisms [8]. Emerg-
ing evidence shows that miRNAs are implicated in 
regulating numerous biological processes, such as cell 
growth, apoptosis, autophagy, differentiation, inflam-
mation, invasion and migration [9–12]. In addition, the 
function of miRNAs in the development of PMO has 
attracted a lot of attention. Recent work performed by 
Li et al. demonstrated that miR-133a participated in the 
pathogenesis of PMO by facilitating osteoclast differ-
entiation [13]. Moreover, the same group reported that 
miR-210 was implicated in the development of PMO 
through increasing vascular endothelial growth factor 
(VEGF) expression and osteoblast differentiation [14]. 
Thus, circulating miR-133a-3p might be regarded as 
an underlying non-invasive biomarker and therapy 
target in PMO [15]. Several reports documented the 
involvement of miR-491-3p in cancer, for example, 
miR-491-3p reduced multidrug resistance of hepato-
cellular carcinoma, inhibited the growth and invasion 
of osteosarcoma cells, regulated the chemo-sensitiv-
ity of human tongue cancer, and participated in the 
pathogenesis of clear cell renal cell carcinoma [16–19]. 
However, its role in PMO has yet not been investigated.

We found that the expression of miR-491-3p was low-
er in patients with PMO, while the expression of cathepsin 
S (CTSS) in PMO patients showed an opposite trend. 
Moreover, CTSS was confirmed as a target of miR-491-
3p. More importantly, we revealed that miR-491-3p could 
promote the growth and differentiation of hFOB1.19 
cells, and inhibit their apoptosis by reducing CTSS ex-
pression. Our research provides novel pairs of molecules 
involved in the pathogenesis of PMO with potential use 
for the diagnosis and therapy of this syndrome.

Materials and methods

Data sources. The expression patterns of miR-491-3p and 
CTSS in PMO were acquired from the GEO database following 
accession numbers GSE74209 and GSE56116. The GSE74209 
dataset including 6 patients with PMO fractures (osteoporosis) 
and 6 patients with osteoarthritis (‘healthy’ control) was used to 
analyze the expression of miR-491-3p. The GSE56116 dataset 
containing 10 patients with PMO fractures (osteoporosis) and 
3 patients with osteoarthritis (‘healthy’ control) was utilized to 
analyze the expression of CTSS.

Cell culture and transfection. Human osteoblast cell line 
hFOB1.19 was purchased from the Shanghai cell bank of the 
Chinese Academy of Medical Sciences (Shanghai, China) 
and cultivated in the a-MEM medium including 10% fetal 

bovine serum, 100 U/mL penicillin and 0.1 mg/mL strepto-
mycin (Invitrogen, Carlsbad, CA, USA). Overexpression 
of miR-491-3p and CTSS were achieved by transfection of 
miR-491-3p mimic and pcDNA3.1-CTSS (GenePharma, 
Shanghai, China) into cells, respectively. The transfection 
concentrations were 50 nmol/L for the miR-491-3p mimic, 
miR-491-3p mimic NC, pcDNA3.1-CTSS and pcDNA3.1. 
All of them were transfected into hFOB1.19 cells by Lipo-
fectamine 3000 reagent (Invitrogen).

Cell viability test. Cell counting kit-8 (CCK-8, Dojindo 
Moleular Technologies, Inc., Gathersburg, MD, USA) test 
was carried out to detect the viability of hFOB1.19 cells. 
Cells were inoculated in 96-well plates with the density of 
1 × 103 cells/well. After cells adhesion, the culture medium 
was changed, miR-491-3p mimic or miR-491-3p mimic 
NC was added, and the cultivation was continued for 48 h. 
Then, the cells were added with 20 μL of CCK-8 reagent 
and cultured for another 1.5 h. Finally, microplate reader 
SpectraMax®iD3 (Molecular Devices, San Jose, CA, USA) 
was used to measure the optical density (OD) values.

Cell apoptosis test. The apoptosis of treated cells was detect-
ed by flow cytometry. Cells were collected and centrifuged. 
Then, cells were suspended in pre-cooling phosphate buffer 
saline (PBS) and centrifuged again. Subsequently, the su-
pernatant was sucked out and cells were re-suspended with 
1 × binding buffer. We adjusted cell density to 1–5×106 
cells/mL. Mixed 5 μL of Annexin V/FITC and 100 μL of cell 
suspension into 5 mL tube, and then the mixture was left for 
5 min in the darkroom. Before detection, 10 μL of propidium 
iodoide (PI) and 400 μL of PBS were added into the flow 
tube. The results were analyzed by Flowjo software 7.6.1.

MiR-491-3p target gene prediction website. The biological 
prediction websites including MiRanda (http://www.micror-
na.org), miRWalk (http://zmf.umm.uni-heidelberg.de/apps/ 
/zmf/mirwalk2/), and TargetScan (http://www.targetscan.
org/), miRDB (http://www.mirdb.org/) were used to predict 
the target genes of miR-491-3p. 

Dual luciferase reporter assay. The fragments of CTSS-mu-
tant-type (mut) and CTSS-wild-type (wt) were synthesized 
and inserted into a pmirGLO vector (GenePharma). The 
cells were inoculated to 24-well plates. When cells grew 
to 80% confluence, luciferase vector containing wt-CTSS 
or mut-CTSS and miR-491-3p mimic or mimic NC were 
co-transfected into HEK293 cells by Lipofectamine 3000 
reagent (Invitrogen). After 48 h, the protein was extracted 
and the luciferases activity was detected by Dual-Luciferase 
Reporter Assay Kit (Promega, Madison, WI, USA) follow-
ing the manufacturer’s specification.

RNA extraction and Quantitative Real-time PCR (qRT-
-PCR). The whole RNA was obtained from the treated 

https://www.ncbi.nlm.nih.gov/pubmed/25749387
https://www.ncbi.nlm.nih.gov/pubmed/25749387
http://www.microrna.org
http://www.microrna.org
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
http://www.targetscan.org/
http://www.targetscan.org/
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Figure 1. Determination of miR-491-3p expression. A. Data from GEO dataset revealed that miR-491-3p expression was 
lower in PMO osteoporotic patients (n = 6) compared with that of the ‘healthy’ people (n = 6), P = 0.0087. B. The relative 
expression of miR-491-3p in hFOB1.19 cells was measured after transfection with miR-491-3p mimic or miR-491-3p mimic 
NC, **P < 0.01 vs. control.

–4

–2

0

2

4
A

P = 0.0087

0

1

4

3

2

B

Healthy
(n = 6)

Osteoporotic
(n = 6)

Control miR-491-3p
mimic NC

miR-491-3p mimic

**

Data from GSE74209

R
el

at
iv

e 
ex

pr
es

si
on

 o
f 

m
iR

-4
91

-3
p

R
el

at
iv

e 
m

iR
-4

91
-3

p 
ex

pr
es

si
on

 l
ev

el

cells by TRIzol (Invitrogen) and reverse transcribed into 
cDNA by PrimeScript RT Reagent Kit and Mir-X™ 
miRNA First Strand Synthesis Kit (Invitrogen). Then, 
the expression of mRNA and miRNA were analyzed by 
real-time PCR with the help of SYBR Premix Ex Taq II 
and SYBR PrimeScriptTM miRNA RT-PCT Kit (Ta-
KaRa, Tokyo, Japan), accordingly. Subsequently, the 
real-time PCR was performed on a 7900HT real-time PCR 
system with the following procedures: 40 circles consist of 
95oC for 5 min, 95oC for 30 s, then 60oC for 45 s, 72oC for  
30 min. GAPDH was considered as the internal standard 
for mRNA detection, and U6 was regarded as the internal 
standard for miRNA calculation. 2-DDCt method was used 
to analyze the relative expression of mRNA and miRNA. 
The sequences of the primers were synthesized as below: 
MiR-491-3p, forward: 5’-AGTGGGGAACCCTTCC-3’, 
reverse: 5’-GAACATGTCTGCG-TATCTC-3’; U6, for-
ward: 5’-AAAGCAAATCATCGGACGACC-3’, reverse: 
5’-GTACAACACATTGTTTCCTCGGA-3’; CTSS, for-
ward: 5’-TGGATCACCACT-GGCATCTCTG-3’, reverse: 
5’-GCTCCAGGTTGTGAAGCATCAC-3’; GAPDH, 
forward: 5’-TGTGGGCATCAATGGATTTGG-3’, reverse: 
5’-CCCTCCAGG-GGATCTGTTTG-3’.

Western blotting. Protein samples were extracted from the 
treated cells by RIPA lysis buffer with protease inhibitor. 
20 μg of protein within 1 × loading buffer was put into each 
well, isolated by sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis and electro-transferred onto PVDF 
membranes under wet condition. Then 5% non-fat milk 
dissolved in TBST (10 mM Tris-HCl, pH7.5, 150 mM NaCl, 
0.05% Tween-20) was used to block the membranes. The 

membranes were then incubated with primary antibodies 
against CTSS (1:2000), Bcl-2 (1:1000), Bax (1:2000), Cleaved 
caspase-3 (1:3000), Cleaved caspase-9 (1:3000), ALP 
(1:3000), Runx2 (1:1000), Osterix (1:5000), OPN(1:1000) 
and GAPDH (1:10000) (all from Abcam, Cambridge, UK) 
at 4°C overnight. Next, the membranes were incubated with 
the IgG-HRP antibody at about 25°C for 1 h. Finally, the 
signals were developed by ECL (HRP Substrate Luminol 
Reagent: HRP Substrate Peroxide Solution = 1:1) and 
scanned by QUANTITY ONE software 4.6.6. GAPDH was 
regarded as the internal standard.

Statistical analysis. All experimental data were repeated at 
least three times and analyzed by SPSS22.0 and Graphpad 
Prism 5.0 software. Student’s t-test was used to analyze 
the difference between two samples, while the comparison 
among multiple groups was calculated by ANOVA followed 
by Dunnett (compare all groups vs control group) and Bof-
ferornie (compare selected pairs of groups) post hoc test. P 
value less than 0.05 was considered to indicate a statistically 
significant difference.

Results

The expression of MiR-491-3p was lower  
in patients with PMO 
Firstly, GEO dataset was used to detect the expres-
sion of miR-491-3p in PMO. The data in Figure 1A 
manifested that miR-491-3p expression was lower 
in patients with PMO fracture (osteoporotic, n = 6) 
than that of the patients with osteoarthritis (‘‘healthy’’ 
control, n = 6, P = 0.0087). Subsequently, to inves-
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Figure 2. MiR-491-3p promoted proliferation and differentiation of hFOB1.19 cells, and inhibited their apoptosis. A. The 
proliferation of hFOB1.19 cells was measured by CCK-8 assay as described in Methods. B–C. The apoptosis of hFOB1.19 
cells was detected by flow cytometry. D–E. The a presence of poptosis-related proteins in hFOB1.19 cells were analyzed 
by Western blotting. F–G. The presence of differentiation-related proteins in hFOB1.19 cells were measured by Western 
blotting. **P < 0.01 vs. control.

tigate the effects of miR-491-3p on hFOB1.19 cells, 
we attempted to up-regulate miR-491-3p with mimic. 
The data presented in Figure 1B indicated that miR-
491-3p expression was significantly upregulated in 
hFOB1.19 cells after treatment with miR-491-3p 
mimic compared with that of the control cells and 
miR-491-3p mimic NC groups (P < 0.01).

Overexpression of miR-491-3p could inhibit the 
apoptosis of hFOB1.19 cells and promote their 
proliferation and differentiation 
To further explore the impact of miR-491-3p on 
hFOB1.19 cells proliferation, apoptosis and differenti-
ation, CCK-8, flow cytometry and western blotting as-
says were carried out. The data of CCK-8 tests showed 
that up-regulation of miR-491-3p could increase the 
OD values of hFOB1.19 cells compared with that of 

the control and the difference was significant at 48 h 
and 72 h (Fig. 2A, P < 0.01). 

Flow cytometry results demonstrated that the 
apoptosis rate of hFOB1.19 cells was reduced nearly 
60% after upregulation of miR-491-3p compared with 
that of the control (Figs. 2B–C, P < 0.01). Subsequent-
ly, the apoptotic-related proteins were analyzed by 
Western blotting. The results indicated that the ex-
pression of anti-apoptotic protein Bcl-2 was reduced, 
and the expression of pro-apoptotic proteins including 
Bax, Cleaved caspase-3 and Cleaved caspase-9 were 
increased in hFOB1.19 cells after transfection of the 
cells with miR-491-3p mimic (Figs. 2D–E, P < 0.01). 

To study the effects of miR-491-3p on hFOB1.19 
cells differentiation, we analyzed the changes of dif-
ferentiation-related proteins with western blotting. 
The results indicated that after miR-491-3p mimic 
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Figure 3. CTSS was highly expressed in PMO and negatively regulated by miR-491-3p. A. The sequences of wild type 3’UTR 
of CTSS, mutant type 3’UTR of CTSS, and miR-491-3p were presented. B. The luciferase activity of wt CTSS and mut CTSS 
were assessed after the cells were transfected with miR-491-3p mimic or NC. C. The data from GEO indicated that CTSS 
was clearly up-regulated in patients with PMO (n = 10) compared with that of the ‘healthy’ people (n = 3), P = 0.02. D–E. 
The expression of CTSS was detected after transfected with miR-491-3p mimic or NC. **P < 0.01 vs. control.

treatment, the expression of ALP, Runx2, Osterix and 
OPN significantly increased to 2.05, 2.13, 2.9, and 2.3 
times of the control group, respectively (Figs. 2F–G, P 
< 0.01). Thus, the results of all performed tests indi-
cated that up-regulation of miR-491-3p could increase 
the proliferation and differentiation of hFOB1.19 
cells, and reduce the apoptosis of hFOB1.19 cells.

Cathepsin S was highly expressed in patients with 
PMO and negatively regulated by miR-491-3p
Based on the results from target gene prediction web-
site and bioinformatics analysis, CTSS was selected as  
a target of miR-491-3p for further investigation. As 
presented in Figure 3A, the wt 3’UTR of CTSS contains 
the complementary binding sequence of miR-491-3p. 
Subsequently, dual luciferase reporter assay was 
performed to confirm the association between miR-
491-3p and CTSS. The data from Figure 3B showed 
that the luciferase activity in wt 3’UTR of CTSS was 
clearly decreased after transfected with miR-491-3p 
mimic compared with that of the miR-491-3p mimic 
NC group (P < 0.01). However, miR-491-3p had lit-
tle effect on luciferase activity of the mut 3’UTR of 
CTSS. The results further confirmed that miR-491-3p  

directly binds with CTSS in osteoblastic cell line. 
The data from GEO database indicated that CTSS 
was significantly up-regulated in patients with PMO 
fracture (osteoporotic, n = 10) compared with that 
of the patients in osteoarthritis (‘‘healthy’’ control, 
n = 3, P = 0.02, Fig. 3C). Moreover, the expression 
of CTSS was clearly reduced in hFOB1.19 cells after 
transfected with miR-491-3p mimic (Figs. 3D–E,  
P < 0.01). The results implied that CTSS was a direct 
target of miR-491-3p and was negatively modulated 
by miR-491-3p.

CTSS suppressed the positive effects  
of miR-491-3p on hFOB1.19 cells
To explore the relationships between miR-491-3p and 
CTSS in PMO, the biological properties of hFOB1.19 
cells were analyzed after they were treated with miR-
491-3p mimic and pcDNA3.1-CTSS. The results 
shown in Figure 4A indicated that the OD values of 
hFOB1.19 cells were increased after treatment with 
miR-491-3p mimic in contrast with that of the control, 
while the raising tendency was reversed in miR-491-3p 
mimic and pcDNA3.1-CTSS group (P < 0.01). The 
data indicated that CTSS could suppress the ascend-
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Figure 4. CTSS suppressed the promoting effects of miR-491-3p on the proliferation and differentiation of hFOB1.19 cells, 
and the inhibitory effects of miR-491-3p on hFOB1.19 cells apoptosis. A. The hFOB1.19 cells proliferation was detected by 
CCK-8 after their treatment with miR-491-3p mimic/miR-491-3p mimic + pcDNA3.1-CTSS. B–C. Flow cytometry was applied 
to detect the apoptosis of hFOB1.19 cells. D–E. The apoptosis-related proteins were measured by Western blotting. F–G. 
The expression of ALP, Runx2, Osterix and OPN were detected by Western blotting. **P < 0.01, ##P < 0.01, **represented 
miR-491-3p mimic vs control, ##represented miR-491-3p mimic and pcDNA3.1-CTSS vs miR-491-3p mimic.

ing proliferation ability of hFOB1.19 cells induced 
by miR-491-3p mimic. Flow cytometry data showed 
that the apoptosis of hFOB1.19 cells was reduced 
nearly 50% after treatment with miR-491-3p mimic 
compared with that of the control, and increased 
approximately two times after treatment with miR-
491-3p mimic and pcDNA3.1-CTSS compared with 
that of the miR-491-3p mimic group (Figs. 4B–C,  
P < 0.01). Moreover, the expression of anti-apoptotic 

protein Bcl-2 was reduced about 60%, and the pro-ap-
optotic proteins Bax, Cleaved caspase-3 and Cleaved 
caspase-9 were significantly increased after the cells 
were transfected with miR-491-3p mimic and pcD-
NA3.1-CTSS compared with that of the miR-491-3p 
mimic group (P < 0.01). On the contrary, the raising 
tendency of ALP, Runx2, Osterix and OPN expression 
induced by miR-491-3p mimic was reversed after the 
cells were transfected with miR-491-3p mimic and 
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pcDNA3.1-CTSS (P < 0.01). All the data implicate 
that CTSS could suppress the promoting effects of 
miR-491-3p on hFOB1.19 cells proliferation and 
differentiation, and repress the inhibitory effects of 
miR-491-3p on hFOB1.19 cells apoptosis.

Discussion

PMO is an insidious disease without any obvious 
symptoms in its early stage. Once the signs of PMO 
appear, the fracture has already occurred [20]. There-
fore, it is essential to search effective and preventive 
measures and molecular markers for early diagnosis. 
With the development of more and more validated 
miRNA signatures and mature medium-throughput 
methods in the clinical setting, specific miRNA 
markers are raised potentially to conduce to human 
health [21]. Recently, several researchers have discov-
ered that some miRNAs including miR-491-3p were 
modulated by enterovirus 71 which, apart from other 
virus types, may cause of major outbreaks of hand, 
foot, and mouth disease (HFMD) [22]. MiR-491-3p 
has been reported to be involved in the pathogene-
sis of major depression or suicide [23]. In addition, 
previous study has found that miR-491-3p played  
a vital role in the modulation of multidrug resistance 
in hepatocellular carcinoma through regulating 
ABCB1 and Sp3 expression [19]. Moreover, miR-
491-3p was discovered to suppress the growth and 
invasiveness of osteosarcoma [18] and glioblastoma 
[24] cells. However, study of miR-491-3p in osteopo-
rosis has yet not been reported. In the current study, 
the data indicated that miR-491-3p expression was 
lower in PMO patients. Importantly, there are reports 
which indicate that proliferation and differentiation 
of osteoblasts are important for the development of 
osteoporosis [25]. ALP, Runx2, Osterix and OPN 
have been demonstrated to play positive roles in 
promoting osteogenesis [26]. In our study, the up-
regulation of miR-491-3p increased the expression 
of ALP, Runx2, Osterix and OPN, indicating that 
miR-491-3p can promote osteoblast differentiation. 
Cell apoptosis is an important biological process that 
occurs in many diseases, including PMO [27]. In our 
study, up-regulation of miR-491-3p attenuated the 
apoptosis of human osteoblastic cells. These results 
suggested that miR-491-3p inhibited the development 
of PMO by promoting the growth and differentiation 
of osteoblasts, and suppressing their apoptosis.

It is well known that miRNAs perform their func-
tions through binding to mRNAs and blocking pro-
tein expression. Based on the biological predictions, 
bioinformatical analysis and dual luciferase reporter 
assay, cathepsin S was selected and confirmed as  

a direct target of miR-491-3p. CTSS, as a lysosomal 
protease, can promote the degradation of damaged 
or unnecessary proteins in the lysosomal pathway 
[28], and was reported to be involved in several 
diseases including atherosclerosis, tumor metastasis 
and osteoporosis [29]. In addition, growing evidence 
have indicated that CTSS regulated adipocyte and 
osteoblast differentiation, bone turnover, and bone 
microarchitecture [30]. Furthermore, CTSS was also 
used as a potential drug target for osteoporosis and 
rheumatoid arthritis [31]. In our study, CTSS was 
verified as a direct target of miR-491-3p, and was 
negatively modulated by miR-491-3p. Moreover, data 
from GEO dataset showed that CTSS was highly ex-
pressed in patients with PMO. Rescue assays indicated 
that overexpression of CTSS could limit the positive 
effects of miR-491-3p on osteoblastic cells. More in 
vivo experiments are needed to confirm these results, 
since in vitro experiments cannot fully simulate the 
situation in vivo.

In conclusion, our findings discovered that miR-
491-3p showed a tendency of low expression in pa-
tients with PMO, while the expression trend of CTSS 
in PMO was just the opposite. What’s more, overex-
pression of miR-491-3p could promote osteoblasts’ 
proliferation and differentiation, and inhibit their 
apoptosis. In addition, CTSS was verified as a target 
gene of miR-491-3p and was found to be negatively 
regulated by miR-491-3p in osteoblastic cells. Further 
experiments implied that overexpression of CTSS 
could suppress the promoting effects of miR-491-3p 
on the phenotype of  hFOB1.19 cells. To sum up, miR-
491-3p could promote the differentiation and mainte-
nance of osteoblasts by reducing CTSS expression. The 
results of this study provide a pair of molecules for the 
potential diagnosis and treatment of PMO.
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Abstract
Introduction. Human peripheral blood monocytes are the part of the leukemia microenvironment. We exam-
ined three monocyte subgroups: classical (CD14++CD16–), intermediate (CD14++CD16+) and non-classical 
(CD14+CD16++) monocytes. As these subpopulations can be also characterized by different levels of HLA-DR 
and CD163, we evaluated their expression on monocyte subpopulations of patients with chronic lymphocytic 
leukemia (CLL) and healthy individuals.
Material and methods. The monocyte subsets in peripheral blood of CLL patients (n = 40) and healthy controls 
(n = 10) were evaluated by flow cytometry. The monoclonal antibodies: anti-CD14 FITC, anti-CD16 PE-Cy5, 
anti-CD163 PE, anti-HLA-DR PE were used.
Results. The percentage of CD16-positive monocytes was significantly higher in CLL patients than in healthy 
donors. The highest percentage of CD163+ monocytes is in the ‘classical’ (CD14++CD16–) population. In turn, 
the non-classical monocytes constituted the majority of cells lacking HLA-DR expression. In CLL patients, 
there was no statistically significant relationship between the percentage of each monocyte subpopulation and 
the stage according to Rai Staging of CLL. 
Conclusions. The presence of CD163 on classical monocytes suggests that these cells have anti-inflammatory 
properties. Besides, the low expression of HLA-DR on non-classical monocytes may result in impaired ability 
to stimulate the immune system. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 1, 17–24)

Key words: monocyte; subpopulations; CD163; HLA-DR; chronic lymphocytic leukemia 

Introduction

Chronic lymphocytic leukemia (CLL) patients 
suffer from the immunological dysfunctions that 
refer not only to B cells, but also to other elements 
of the immune system, including T cells, NK cells, 
neutrophils and monocytes/macrophages [1]. The 
observed inhibition of antitumor response during 
CLL may be ascribed to cells that form the tumor 
microenvironment, which favor the clonal expansion 
of B lymphocytes and promote their survival [2]. 
Monocytes are mononuclear cells involved in the 
innate immune responses. In CLL they could have  
a significant influence on the regulation of the growth 

or elimination of cancer cells [3]. Based on differences 
in the expression of surface markers CD14 (receptor 
for lipopolysaccharide, i.e. LPS, LPS-R) and CD16 
(FcgRIII receptor), three subpopulations of mono-
cytes can be identified: the classical (CD14++CD16–), 
the intermediate (CD14++CD16+) and the non-clas-
sical (CD14+CD16++) monocytes [4–6]. Under 
physiological conditions, the percentage of classical 
monocytes constitutes about 95% of all monocytes 
circulating in the peripheral blood. The role of the 
remaining 5% of CD16+ monocytes has not been 
clearly defined [7].

The disproportion between the percentage of 
CD16– and CD16+ monocytes was observed in cancer 
patients [8]. It is believed that these abnormalities 
may have a significant impact on the proangiogenic 
and anti-tumor capacities of CD16+ monocytes [9].  
A higher expression of HLA-DR and CD86 molecules 
was observed on classical monocytes (CD16-negative) 
[10]. On the other hand, among CD16-positive mono-
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cytes, the intermediate monocytes (CD14++CD16+) 
have a high expression of the CD163 [11]. It is cur-
rently believed that the CD163 protein is involved in 
the uptake of the hemoglobin-haptoglobin complex 
and the regulation of inflammatory processes [12, 13]. 
CD163 may also be in a soluble form (soluble CD163, 
sCD163) [14]. The role of the sCD163 molecule has 
not been exactly explained. However, it seems to be 
involved not only in the removal of hemoglobin-hap-
toglobin complexes but also in the anti-inflammatory 
response [13]. Its higher level was found in hemato-
logical cancers, including chronic lymphocytic leu-
kemia [15]. Moreover, CD163 is certainly a marker 
of macrophage activity and is generally thought to be 
associated with downregulation of inflammation, but 
its biological role still has not been fully elucidated 
[14, 15]. Monocytes are one of the least known im-
mune cells with a potentially important role in the 
pathogenesis of CLL. 

The aim of our study was to evaluate the ex-
pression of CD163 and HLA-DR molecules on the 
monocyte subpopulations in CLL patients and healthy 
individuals. 

Materials and methods

Characteristics of the study group. The study group 
consisted of 40 patients with newly diagnosed CLL at the 
Department of Hematooncology and Bone Marrow Trans-
plantation of the Medical University of Lublin, Poland. The 
diagnosis of CLL was based on the clear recommendations 
developed by the International Workshop on Chronic Lym-
phocytic Leukemia (iwCLL) [16]. 

The age of patients ranged from 39 to 82 years (median: 
63 ys). The study group included 24 men and 16 women. Ac-
cording to the Rai classification [17], patients were divided 
into 3 groups: the low risk group (stage 0) — 22 patients, 
intermediate-risk group (stage I/II) — 11 patients, high-risk 
group (stage III/IV) — 7 patients. Detailed characteristics of 
the examined group of CLL patients are presented in Table 1.  
The control group consisted of 10 healthy volunteers  
(7 men, 3 women). Age of donors ranged from 24 to  
54 years (median: 47 ys).

This study was approved by the Bioethics Committee of 
the Medical University of Lublin (No. KE-0254/49/2016). 
All patients gave their written consent to participate in the 
research.

Blood collection and preparation of samples for flow 
cytometry. Approximately 5 ml of venous blood was col-
lected into an EDTA-coated tube from each patient and 
healthy person. The material for the study was immediately 
processed. Subpopulations of monocytes circulating in the 
peripheral blood of CLL patients and healthy controls were 

determined by flow cytometry. Monocyte cell surface antigen 
assessments were performed with the following monoclonal 
antibodies conjugated with fluorochromes: anti-CD14 FITC 
(BD Pharmingen); anti-CD16 PE-Cy5 (BD Pharmingen); 
anti-HLA-DR PE (BioLegend); anti-CD163 PE (BioLeg-
end). 100 µl of blood was taken into vials and labeled with 
monoclonal antibodies. 

Samples were incubated for 20 minutes at room temper-
ature. The next step was RBC lysis with FACS Lysis Solution 
(Becton Dickinson) for 10 minutes at room temperature. 
Right after centrifugation at 700 × g for 5 minutes, superna-
tant was poured out and the marked cells were rinsed twice 
with phosphate buffered saline PBS (700 × g).

A BD FACSCaliburTM flow cytometer (BD Biosciences, 
Franklin Lakes, NJ, USA) with CellQuestPro software (BD 
Biosciences) were used for cytometric analysis and data 
evaluation. 

Statistical analysis. The statistical analysis was carried out 
with GraphPad Prism 5.0. software (GraphPad Software, 

Table 1. Characteristics of chronic lymphocytic leukemia 
(CLL) patients

The criteria for  
differentiating patients

Number of patients

Sex
Female (%)
Male (%)

16 (40%)
24 (60%)

Rai stage
0
I/II
III/IV

22 (55%)
11 (27.5%)
7 (17.5%)

ZAP-70 (cut-off point 20%)
ZAP-70-positive
ZAP-70-negative

17 (42.5%)
23 (57.5%)

CD38 (cut-off point 30%)
CD38-positive
CD38-negative

11 (27.5%)
29 (72.5%)

Median value (minimum-maximum)

Age at diagnosis (years) 63 (39–82)

WBC [G/l)] 25.2 (10.1–112.5)

LYM [G/l] 18.8 (5.5–106.3)

b2M [mg/dl] 2.4 (1.36–5.39)

LDH [IU/l] 373 (266–619)

HGB [g/dl] 14.00 (8.1–17.2)

CD19+CD5+ZAP-70+ (%) 13.41 (0.2–44.3)

CD19+CD5+CD38+ (%) 8.43 ( 0.3–80.9)

CD19+CD5+ (%) 3.23 ( 0.9–16.6)

Abbreviations: WBC — white blood cell count; LYM — absolute lym-
phocyte count; LDH — lactate dehydrogenase; b2M — b2-microglobulin; 
HGB — hemoglobin
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Inc. La Jolla, California, USA). U Mann-Whitney test or 
Wilcoxon test were used. Median, minimal and maximal val-
ues and IQR were used for data description. The Spearman 
rank correlation coefficient was used in correlation tests. 
The level of significance was set at p < 0.05.

Results 

The percentage of classical monocytes in patients 
with CLL was significantly lower in relation to the 
control group (p < 0.0001), while the percentage 
of CD14++CD16+ and CD14+CD16++ monocytes 
was significantly higher compared to the control 
group (p < 0.01) (Fig. 1, Table 2). The percentage of 
CD14++CD16– classical monocytes (median: 75.56%) 
was significantly higher than CD16-positive mono-
cytes in CLL patients. The latter group includes the 
CD14++CD16+ intermediate subset (median: 6.34%) 
and non-classical CD14+CD16++ (median: 10.65%) 
subpopulation (p < 0.01) (Fig. 2, Table 2).

Of all subpopulations, classical monocytes ac-
counted for the highest percentage of CD163+ mono-
cytes (median: 96.73%), while non-classical mono-
cytes presented the lowest percentage of CD163+ cells 
(median: 5.12%) (Fig. 3, Table 3). 

The non-classical CD14+CD16++HLA-DR+ 
monocytes had the lowest percentage of HLA-DR+ 
cells (median: 73.36%) compared to classical HLA-
DR+ (median: 97.73%) and intermediate HLA-DR+ 
cells (median: 96.77%) (p < 0.0001) (Fig. 4, Table 4).

In addition, the study showed that the percent-
age of subpopulations of classical, intermediate and 
non-classical monocytes expressing CD163 does not 
correlate with leukocytosis, lymphocytosis and serum 
b2 microglobulin concentration (p > 0.05). The per-
centage of CD14++CD16–CD163+ monocytes showed 
a negative correlation with the concentration of CD5+ 

CD19+ leukemia cells (r = –0.51; p < 0.05). According 
to the results, the percentage of CD14+HLA-DRlow/neg  
monocytes showed a negative correlation only with 
the percentage of CD14++CD16–CD163+ monocytes 

among all subpopulations of monocytes (r = –0.55; 
p < 0.05). 

Discussion

Among the populations of immune cells, monocytes 
are one of the least known cells with potentially im-
portant role in the pathogenesis of CLL [18]. Since 
monocytes appear to play an important role in the 
pathogenesis of CLL, the present study presents the 

Table 2. Statistical analysis of the percentage of monocytes with the phenotypes CD14++CD16–, CD14++CD16+ and 
CD14+CD16++ in CLL patients and in the control group

Variables CD14++CD16– (%) CD14++CD16+ (%) CD14+CD16++ (%)

CLL Control CLL Control CLL Control

Median 75.56 91.01 6.34 3.17 10.65 4.55

Min 41.42 74.66 0.24 1.14 3.03 2.25

Max 88.35 94.54 14.58 5.68 30.70 22.75

IQR 16.29 6.18 5.54 1.78 7.59 5.89

Abbreviations: CLL — chronic lymphocytic leukemia; MIN — minimum; MAX — maximum; IQR — interquartile range
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Figure 1. Comparison of the percentage of individual mono-
cyte subpopulations: classical (CD14++CD16–), intermediate 
(CD14++CD16+) and non-classical (CD14+CD16++) among 
all monocytes in CLL patients and healthy volunteers studied 
by flow cytometry as described in Methods. P values were 
calculated using the non-parametric U Mann-Whitney test. 
Bars, line and whiskers represent median, maximum, mini-
mum and IQR, respectively. Abbreviations: CLL — chronic 
lymphocytic leukemia; IQR — interquartile range.
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evaluation of the proportion of the monocytes sub-
population in CLL Although the discovery of three 
different subpopulations of monocytes suggests the 
existence of the functional differences between these 
cells their properties are still not fully understood. 
Monocytes analyzed in CLL patients were divided into 
classical monocytes (CD14++CD16–) and monocytes 
expressing CD16 molecules, which are differentiated 
into two subpopulations: the intermediate monocytes 
CD14++CD16+ and the non-classical monocytes 
CD14+CD16++ [6].

It is assumed that the increased expression of CD16 
on the surface of monocytes may correlate with their 
activation process [8]. An increase in the percentage 
of CD16-positive monocytes observed in the present 
study may indicate that CLL lymphocytes stimulate 
CD16+ monocytes and lead to their activation. This is 
in line with Maffei et al. [19], who concluded that the 
increase in the percentage of non-classical monocytes 
may result from their stimulation by leukemic lympho-
cytes. According to the latter study, the CD14+CD16++ 
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Figure 2. Comparison of the percentage of individual mono-
cyte subpopulations among all monocytes in CLL patients 
was performed as described in the Legend to Figure 1.  
P values were calculated using the non-parametric Wilcoxon 
test. Bars, other graphical symbols and abbreviations as in the 
description of Figure 1. 
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Figure 3. Comparison of the percentage of monocyte subpop-
ulations expressing CD163 in CLL patients was performed as 
described in the Legend to Figure 1. P values were calculated 
using the non-parametric Wilcoxon test. Bars, other graphical 
symbols and abbreviations as in the description of Figure 1. 

Table 3. Statistical analysis of the percentage of monocytes with the phenotypes CD14++CD16–, CD14++CD16+ and 
CD14+CD16++ expressing the CD163 molecule in the studied group of CLL patients

Variables CD14++CD16–/CD163+ (%) CD14++CD16+/CD163+ (%) CD14+CD16++/CD163+ (%)

Median 96.73 63.70 5.12

Min 62.10 44.87 0.30

Max 100.0 78.64 12.99

IQR 26.88 29.98 9.13

Abbreviations as in the description of Table 2.
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Figure 4. Evaluation of the percentage of individual HLA-
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performed as described in the Legend to Figure 1. P values 
were calculated using the non-parametric Wilcoxon test. 
Bars, other graphical symbols, and abbreviations as in the 
description of Figure 1. 
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monocytes do not produce cytokines in response to LPS 
and are unable to phagocytose [19].

In this study we observed that patients with CLL 
possess a higher percentage of non-classical mono-
cytes CD14+CD16++ and a significantly higher per-
centage of intermediate monocytes CD14++CD16+ 
as compared to the healthy group. Italiani et al. 
[5] also showed a similar percentage of monocytes 
circulating in the peripheral blood of CLL patients, 
classical monocytes (85%), intermediates (5%) and 
non-classical (10%) [5].

It is worth mentioning that the increase in the 
percentage of monocytes expressing CD16 was also 
observed in other pathological conditions, e.g. during 
bacterial, viral or parasitic infections [20] and in acute 
or chronic conditions such as sepsis or atherosclerosis 
[8], chronic liver disease [21], rheumatoid arthritis 
[22], and renal diseases [23, 24]. 

The role of monocytes expressing CD16 during 
the mobilization of the immune system is not fully 
understood. One theory explains the differentiation 
of monocytes by the process of maturation and dif-
ferentiation of these cells into the peripheral blood 
macrophages [8]. The differences in the percentage 
of each subpopulation of monocytes observed in CLL 
patients, compared to the proportion observed in 
healthy subjects may be due to the fact that classical 
monocytes may differentiate into tissue macrophages 
TAMs (Tumor Associated Macrophages) [25, 26].

The differences relate to, among others, the de-
gree of expression of HLA-DR, CD86 and CD1d, 
which determine their ability to present antigens [8]. 
Furthermore, the CD14++CD16+ intermediate mono-
cytes have a high expression of CD163 molecule [14] 
that inhibits activation and proliferation of T cells [27]. 
It is also a specific marker of monocytes/macrophages 
exhibiting strong anti-inflammatory properties [28]. 
Recent studies have shown that anti-inflammatory 
monocytes CD14++CD16+ are also associated with 
significant expression of TGF-b. This cytokine enables 
them to inhibit T-dependent response, and to stimu-
late proliferation of T regulatory cells [1].

Of all subpopulations, classical monocytes ac-
counted for the highest percentage of CD163+ 
monocytes, while non-classical monocytes had the 
lowest percentage of CD163+ cells. Moniuszko  
et al. [9] also observed high expression of the CD163 
molecule on classical monocytes. The percentage of 
CD14++CD16+CD163+ monocytes was higher than 
the percentage of non-classical CD163+ monocytes. 
It is believed that the presence of CD163 on the sur-
face of monocytes affects the ability of these cells to 
inhibit the inflammatory response [8] as the CD163+ 
monocytes may have anti-inflammatory properties 
[29]. Therefore, it is assumed that due to the disturbed 
antigen presentation process and abnormal matu-
ration of dendritic cells, the activity of the immune 
system in patients with CLL decreases [6, 19]. More-
over, monocytes have reduced ability to stimulate the 
immune system, due to impaired antigen presentation 
to T cells [30]. Furthermore, the researchers suggest 
that a subpopulation of monocytes characterized 
by increased percentage of CD163-positive cells 
present in inflamed or tumor tissues can polarize to 
macrophages M2, in particular subtype M2d called 
TAM [31–33]. It is worth recalling that the presence 
of macrophages with the expression of CD163 in 
the tumor microenvironment in patients with breast 
cancer is unfavorable prognostic factor. Results of  
a recent Polish study suggest the positive correlation 
between the presence of CD163 macrophage and 
tumor size [34]. Perhaps the classical or intermediate 
CD163-positive monocytes differentiate into TAMs. 
Our studies also assessed the expression of HLA-DR 
on monocytes in CLL patients. The analysis showed 
that the percentage of cells expressing HLA-DR 
among classical monocytes (CD14++CD16–) is sig-
nificantly higher compared with the percentage of 
non-classical CD14+CD16++HLA-DR+. Additionally, 
the percentage of CD14++CD16+HLA-DR+ mono-
cytes among intermediate monocytes was signifi-
cantly higher than the percentage of CD14+CD16++ 

HLA-DR+. The majority of non-classical monocytes 
exhibit only low expression of HLA-DR (HLA-DR–/low).  

Table 4. Comparison of the percentage of classical, intermediate and non-classical monocytes with HLA-DR expression in 
CLL patients

Variables CD14++CD16–/HLA-DR+ (%) CD14++CD16+/HLA-DR+ (%) CD14+CD16++/HLA-DR+ (%)

MEDIAN 97.73 96.77 73.36

MIN 36.47 6.270 14.38

MAX 100.0 100.0 100.0

IQR 10.22 20.45 47.37

Abbreviations as in the description of Table 2.
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It suggests that these cells have a reduced ability to 
stimulate the immune system, due to disturbed pres-
entation of antigens to T cells [30]. The increased 

number of CD14+HLA-DRlow/neg cells in the peripheral 
blood is present in many cancers and is related to the 
stage, grade, gender and tumor size [35]. Gustafson 

Figure 5. The dot plots of representative data from one chronic lymphocytic leukemia patient illustrate the analysis method 
for the identification of monocyte subpopulations in peripheral blood following three-color staining. (A) Monocyte popu-
lation was gated (Region R1) using FSC and SSC plot. (B) Next, the monocytes accumulated in the R1 were analyzed for 
staining of monocyte subpopulations. We used dot plots of CD14 FITC versus CD16 PE-Cy5. The dot plot shows classical 
(CD14++CD16–), intermediate (CD14++CD16+) and non-classical (CD14+CD16++) monocytes. Expression of CD163 (C, 
D, E) and HLA-DR (F, G, H) was assessed in each of these subpopulations. Abbreviations: FSC — forward scatter; SSC 
— side scatter.
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et al. [10] observed an increased percentage of HLA-
DRlow monocytes in patients with CLL compared to 
the control group (18.6% ± 11.5% vs. 9.9% ± 6.4%). 
The CD14+ HLA-DRlow/neg monocytes secrete large 
amounts of IL-10 and TGF-b that stimulate regulatory 
T cells (Treg) proliferation and cause an alteration in 
the maturation of dendritic cells [10]. Moreover, an 
increased percentage of monocytes with low HLA-DR 
expression was noted in patients with acute hepatic 
failure, which may result in higher susceptibility to 
infection due to the significantly reduced immune 
function [21]. Monocytes exhibiting high expression 
of CD163 and low expression of HLA-DR may be 
described as a subpopulation with anti-inflammatory 
properties and the ability to inhibit the anti-tumor 
response [30, 36].

Conclusions

A statistically significant increase in the percentage 
of intermediate and non-classical monocytes was 
found in CLL patients in comparison to the control 
group. The highest percentage of CD163+ cells was 
observed in “classical” monocytes. The presence of 
this receptor suggests that these cells have anti-inflam-
matory properties. In addition, in CLL patients the 
highest percentage of HLA-DRneg/low cells expression 
was observed among non-classical monocytes, which 
means that these cells have probably impaired ability 
to stimulate the immune system. 
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Abstract
Introduction. Myeloid derived suppressor cells (MDSCs) are one of the major components of the tumor mi-
croenvironment. The accumulation of MDSCs has been demonstrated in many types of human solid tumors. 
However, the relevance of this heterogeneous population in hematopoietic malignancies has only recently gained 
stronger attention. MDSCs are a phenotypically and functionally heterogeneous group of cells. The results of 
recent studies indicate that the immune dysregulation in chronic lymphocytic leukemia (CLL) affects a monocytic 
MDSC (M-MDSC) subpopulation. This study aimed to analyze the frequency of M-MDSCs with intracellular 
IL-10 and TGF-b1 expression in newly diagnosed CLL patients. We investigated the potential role of M-MDSCs  
in CLL by analyzing the level of IL-10 and TGF-b1 expression in circulating M-MDSCs in correlation with clinical 
and laboratory parameters characterizing disease activity and patients’ immune status.
Material and methods. Seventy CLL patients and 17 age-matched healthy volunteers were included in this 
study. Flow cytometric detection of Mo-MDSCs (CD14+CD11b+CD15-HLA-DR-/low) with intracellular IL-10 
and TGF-b1 expression was done. 
Results. We found a significantly higher median percentage of M-MDSC with IL-10 or TGF-b1 expression 
in CLL patients than in healthy volunteers. The percentage of M-MDSC with intracellular IL-10 or TGF-b1 
expression was significantly lower in CLL patients at stage 0 as compared to the stages I/II and III/IV accord-
ing to Rai stages. The percentage of M-MDSC with intracellular TGF-b1 expression was significantly higher 
in ZAP-70-positive and CD38-positive patients compared with ZAP-70-negative and group of CD38-negative 
ones. There was also a significantly higher percentage of M-MDSC positive for intracellular TGF-b expression in 
patients carrying the 11q22.3 and/or the 17p13.1 deletion than in patients without these genetic aberrations. The 
percentage of M-MDSC IL-10-positive and M-MDSC TGF-b1-positive measured at the time of diagnosis was 
higher in patients requiring therapy as compared to patients without treatment during the observation period.
Conclusion. In conclusion, we have shown that an increased percentage of M-MDSC cells producing IL-10 and 
TGF-b1 in CLL patients may be associated with the suppression of the immune response against CLL. It can 
be assumed that the increased percentage of M-MDSC with an intracellular expression of IL-10 and TGF-b1 
may be used in the future as the factor defining the group of patients with shorter time to onset of treatment. 
(Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 1, 25–36)

Key words: M-MDSC; IL-10; TGF-b; chronic lymphocytic leukemia; flow cytometry; genetic analysis 

Introduction

Chronic lymphocytic leukemia (CLL) is characterized 
by an abnormal expansion of mature CD5+ B cells in 
the bone marrow and their accumulation in blood and 
secondary lymphoid organs [1]. The neoplastic B cells 
in CLL patients are dependent on interactions with 
their microenvironment. CLL cells fluctuate together 
with a microenvironment, which supports leukemia 
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cell survival and determines disease progression in 
CLL [2–5]. MDSCs (myeloid- derived suppressor 
cells) are one of the major components of the tumor 
microenvironment. The accumulation of MDSCs has 
been demonstrated in many types of human solid tum-
ors [6]. However, the relevance of this heterogeneous 
population in hematopoietic malignancies has only 
recently gained stronger attention [7–10]. MDSCs 
are a phenotypically and functionally heterogeneous 
group of cells. In human there are two major types 
of MDSCs: monocytic-MDSC (M-MDSC; expressing 
CD14) and polymorphonuclear MDSC (PMN-MD-
SC; expressing CD15) [5, 11, 12]. Both subpopulations 
of MDSCs express the myeloid marker CD33. Unlike 
monocytes, MDSCs are characterized by the lack or 
low expression of HLA-DR [5]. M-MDSCs produce 
high amounts of immunosuppressive cytokines, such 
as IL-10 and TGF-b [13]. 

In CLL, malignant B lymphocytes, serve an impor-
tant role in the immune response, so their interactions 
with other immune cells are more complex than ob-
served in solid tumors. The results of recent studies 
indicate that the immune dysregulation in CLL also 
affects MDSCs [14, 15]. Jitschin et al. [16] observed 
the accumulation of M-MDSCs (defined as CD14+H-
LA-DRlo cells) in peripheral blood of CLL patients. 
Probably, some cytokines, such IL-10, contribute 
to the recruitment and accumulation of MDSCs in 
CLL microenvironment [17, 18]. In addition, it has 
been shown that CLL cells themselves constitutively 
produce immunosuppressive IL-10 [19]. The course 
of CLL is accompanied by a state of immunosup-
pression. The leukemic B cells achieve this mainly 
through the involvement of regulatory T (Treg) cells. 
In turn, MDSCs release IL-10 and TGF-b to exert 
their suppressive function by Tregs [8, 20]. The origin 
of M-MDSC is unknown. Some scientists believe that 
M-MDSCs are derived from emergency myelopoiesis 
that can occur during cancer development [12, 21, 22]. 
Other theories suggest that M-MDSCs are formed 
in the pathways of reprogramming monocytes [23]. 
Probably, this process is connected with some cytokine 
milieu (e.g. IL-10) [22, 24].

In a recent study, we found the accumulation of 
intermediate and non-classical monocytes in CLL 
patients. The non-classical monocytes constituted the 
majority of cells lacking HLA-DR expression. More-
over, non-classical monocytes presented low CD163 
expression [25]. HLA-DRlow/-CD163low/- phenotype is 
also characteristic for M-MDSC [23].

This study aimed to analyze the frequency of 
M-MDSCs with intracellular IL-10 and TGF-b1 
expression in newly diagnosed CLL patients. We in-
vestigated the potential role of M-MDSCs in CLL by 

analyzing the level of IL-10 and TGF-b1 expression in 
circulating M-MDSCs in correlation with clinical and 
laboratory parameters characterizing disease activity 
and patients’ immune status.

Material and methods

Patients and samples. The study group comprised 70 
patients with CLL diagnosis, which was based on criteria 
from the International Workshop on Chronic Lymphocytic 
Leukemia (IWCLL) [26]. All subjects were newly diagnosed. 
Peripheral blood (PB) samples were collected at the time 
of diagnosis and prior to any anticancer therapy. CLL pa-
tients were recruited between January 2016 and June 2019 
in the Department of Hematooncology and Bone Marrow 
Transplantation of the Medical University of Lublin (Lublin, 
Poland). Clinical stage was determined according to the 
Rai classification system [27]. Thirty-seven patients were 
Stage 0, 11 patients were Stage I, 12 patients were Stage II, 
7 patients were Stage III and 3 patients were Stage IV. The 
CLL group was further divided into three risk groups: Low 
risk (stage 0), intermediate-risk (stage I or II), and high-risk 
(stage III or IV). Characteristics of patients at the time of 
diagnosis are summarized in Table 1. Control PB samples 
were obtained from 17 healthy volunteers (HVs; 8 females 
and 9 males, aged from 35–74 years, median 56 years). 

Peripheral blood (PB) samples were collected into 
EDTA-coated tubes and immediately processed. Periph-
eral blood mononuclear cells (PBMCs) were separated by 
density gradient centrifugation on Gradisol L (Aqua-Med, 
Lodz, Poland) for 25 min. at 400 g at room temperature 
(RT). Interphase cells were removed, washed twice and 
resuspended in phosphate-buffered saline (PBS).

Ethics statement. This study was approved by the Ethics 
Committee of the Medical University of Lublin (No. KE-
0254/107/2013 and KE-0254/49/2016). Written informed 
consent was obtained from all patients with respect to the 
use of their blood for scientific purposes. 

Detection of M-MDSC and analysis of intracellular IL-10 
or TGF-b1 expression. Flow cytometry analysis of M-MDSC 
(defined as CD14+CD11b+CD15-HLA-DR-/low cells) 
was performed on PBMCs. The samples were stained with 
combination of fluorescent-labelled monoclonal antibod-
ies (MoAbs): mouse anti-human 14 FITC (Clone MφP9), 
mouse anti-human CD11b V450 (Clone ICRF44), mouse 
anti-human HLA-DR PE-Cy7 (Clone L243) and CD15 
APC (Clone HI98) (BD Biosciences, Franklin Lakes, NJ, 
USA). Cells were incubated for 20 min at RT. Following 
membrane staining, cells were fixed with Cytofix/Cytoperm 
and permeabilized with Perm/Wash buffer (BD Biosciences) 
according to the manufacturer’s protocol. Cells were then 
intracellularly stained (20 min at RT) with PE anti-human 

https://www.sciencedirect.com/topics/medicine-and-dentistry/t-cell
https://www.biolegend.com/en-us/search-results?Clone=33.1 (Ab33)
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Table 1. Characteristics of the patients at CLL diagnosis

Features No. patients (%)

Sex

Female (%) 33 (47.1)

Male (%) 37 (52.9)

Rai Stage 

0 (%) 37 (52.9)

I (%) 11 (15.7)

II (%) 12 (17.1)

III (%) 7 (10.0)

IV (%) 3 (4.3)

ZAP-70 (cut-off 20%)a

Positive (%) 24 (34.3)

Negative (%) 46 (65.7)

CD38 (cut-off 20%)b

Positive (%) 25 (35.7)

Negative (%) 45 (64.3)

Cytogenetic abnormalities

del(17p13.1) (%) 1 (1.4)

del(11q22.3) (%) 9 (12.9)

Without del(17p13.1) and del(11q22.3) (%) 60 (85.7)

Patients requiring therapy 17 (24.3)

Untreated patients 53 (74.7)

median (range)

Age at diagnosis (years) 65 (46–85)

WBC count [G/L] 21.92 (10.11–290.46)

Lymphocyte count [G/L] 16.57 (5.21–284.9)

b2M [mg/dl] 2.42 (1.35–5.39)

LDH [IU/l] 362.0 (178.0–492.0)

Hemoglobin [g/dl] 13.95 (8.7–16.8)

Platelets [G/L] 187.0 (23.0–414.0)

% CD19+/CD5+/ZAP-70+ cellsa 18.0 (0.2–50.0)

% CD19+/CD5+/CD38+ cellsb 16.1 (0.02–88.7)

CLL — chronic lymphocytic leukemia; WBC — white blood cell; LDH — 
lactate dehydrogenase; b2M — b2microglobulin. aPatients with ZAP-70 
expression lower or higher than 20% were classified as ZAP-70 negative 
or positive, respectively. bPatients with CD38 expression lower or higher 
than 30% were classified as CD38 negative or positive, respectively.

LAP (TGF-b1) antibody (Clone TW4-2F8) or PE anti-hu-
man IL-10 antibody (Clone JES3-19F1) (BioLegend, San 
Diego, CA, USA).

Flow cytometry analysis. Samples were analyzed by flow 
cytometry directly following preparation. Data acquisition 
was performed on a FACSCanto II instrument with FACS-
Diva Software (BD Biosciences). For each analysis, 100,000 

events were acquired and analyzed. Kaluza 2.1.1 (Beckman 
Coulter, Miami, FL, USA) was used for the data analysis. 
An acquisition gate was put on lymphocytes according to 
the forward scatter (FSC) and side scatter (SSC) proper-
ties. The gating strategy to identify M-MDSC with IL-10 or 
TGF-b1 expression is shown in Figure 1A–E. The results are 
expressed as the percentage of M-MDSC with intracellular 
IL-10 or TGF-b1 expression. Furthermore, within M-MDSC 
population, IL-10 and TGF-b1 cytokines were quantified 
regarding their mean fluorescence intensity (MFI). To es-
tablish the gating strategy, fluorescence minus one (FMO) 
control was used. The FMO control tube included all an-
tibodies that were used for M-MDSC cell staining, except 
for the one (IL-10 PE or TGF-b1 PE) that was measured. 

Analysis of T regulatory cells (CD4+CD25+FoxP3+). Treg 
cells were evaluated via analysis of the surface expression of 
CD4 and CD25 antigens, as well as intracellular expression 
of FoxP3 by flow cytometry. Tregs were stained with Hu-
man Treg Flow Kit (FOXP3 Alexa Fluor 488/CD4 PECy5/ 
/CD25 PE) (BioLegend) according to the manufacturer’s 
instructions.

Analysis of CD38 and ZAP-70 expression in CLL cells. 
CLL cells were stained for CD38 antigen and ZAP-70 
protein expression (as described previously [28]). Fresh PB 
samples were stained with FITC mouse anti-human CD19 
(Clone SJ25C1), PE-Cy5 mouse anti-human CD5 (Clone 
UCHT2) and CD38 FITC (Clone HIT2) or anti-ZAP-70 
PE (Clone 1E7.2) (BD Biosciences). A cut-off point for 
ZAP-70 positivity in leukemic cells was ≥ 20%. Patients with 
CD38 expression lower or higher than 30% were classified 
as CD38 negative or positive, respectively.

I-FISH analysis. Detection of del(17p13.1) and del(11q22.3) 
was a part of the routine diagnostic practice. We used  
a previously described method [29].

Statistical analysis. The Kruskal-Wallis test with Dunn cor-
rection or U Mann-Whitney test were used for comparative 
analysis of the variables. The Spearman rank correlation 
coefficient was used in correlation tests. Differences were 
considered statistically significant with p-value £ 0.05. Sta-
tistical analysis was calculated with Statistica 13 PL (Statis-
tica, Krakow, PL). Graphs were processed using GraphPad 
Prism version 5.

Results

The percentage of M-MDSC was significantly in-
creased in patients with CLL in comparison to the 
HVs (median [IQR], 2.84% [1.25–4.50%] vs. 8.605 
[6.82–11.12%], p < 0.001). Moreover, we found 
significantly higher median percentage of M-MDSC 

https://www.biolegend.com/en-us/search-results?Clone=JES3-19F1
https://www.biolegend.com/en-us/search-results?Clone=JES3-19F1
https://www.bdbiosciences.com/us/applications/research/clinical-research/oncology-research/blood-cell-disorders/surface-markers/human/pe-mouse-anti-human-cd19-sj25c1-also-known-as-sj25-c1/p/340364
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Figure 1. Representative dot plots illustrating the analytic method for the identification of M-MDSCs with the intracel-
lular expression of IL-10 and TGF-b1. A. FSC-A vs. FSC-H dot plot: doublets’ discrimination. B. After gating a singlet  
(P1 region) mononuclear cells (PBMCs) were selected based on their SSC/FSC properties. C. CD15 APC vs. SSC-A dot plot. 
Discrimination of CD15- from CD15+ cells. D. Selected CD15- cells were analyzed for CD14 FITC and CD11b V450 staining. 
E. Selected CD14+CD11b+ cells were analyzed for HLA-DR PE-Cy7 expression. The dot plots (CD14 FITC vs. HLA-DR 
PE-Cy7) indicate CD14+CD11b+CD15-HLA-DR-/low cells (M-MDSC). F. Dot plots indicating a FMO (Fluorescence minus 
one) control, which contains all fluorochromes in a panel except for IL-10 PE or TGF-b PE. The FMO control identifies 
any spread of fluorochrome in an unlabeled channel and places the gates in the correct place. G, H. Selected CD14+CD-
11b+CD15-HLA-DR-/low cells were analyzed for IL-10 PE (G) or TGF-b PE staining (H). A++ quadrant in dot plot (G) 
shows the percentage of M-MDSCs IL-10-positive. A++ quadrant in dot plot (H) shows M-MDSCs with the intracellular 
expression of TGF-b. Data were analyzed using Kaluza 2.1.1 software. 
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with intracellular IL-10 expression in CLL patients 
than in healthy volunteers (median [IQR], 21.72% 
[9.81–60.93%] vs. 0.57% [0.06–1.31%], p < 0.0001; 
Fig. 2A). Likewise, percentage of M-MDSC with 
TGF-b1 (median [IQR], 37.36% [9.93–78.37%]) ex-
pression was significantly higher in comparison to the 
HVs (median [IQR], 1.17% [0.33–3.68%) (Fig. 2B).  
Furthermore, within M-MDSC population, IL-10 and 
TGF-b1 cytokines were quantified regarding their 
mean fluorescence intensity (MFI). CLL patients 
increased IL-10 expression level (median [IQR], 
477.0 [355.3–689.3] MFI), when compared to healthy 
controls (median [IQR], 333.0 [318.2–522.2] MFI) 
(p < 0.01) (Fig. 2C). Likewise, TGF-b1 expression 
level indicated by MFI was significantly higher in 
M-MDSC from CLL patients when compared to HV 
(median [IQR], 658.4 [563.6–865.2] MFI vs. 526.60 
[389.6–565.8] MFI, p < 0.001) (Fig. 2D).

The percentage of M-MDSC with intracellular IL-10  
expression showed low inter-individual variability in 
healthy controls while in CLL patients it was much 
more diverse and significantly lower in patients at 
stage 0 as compared to the stages I/II and III/IV ac-
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Figure 2. IL-10 and TGF-b expression in M-MDSCs from CLL patients and healthy volunteers (HV). (A) percentage of 
IL-10 positive M-MDSCs; (B) mean fluorescence intensity (MFI) of IL-10 in M-MDSCs. (C) percentage of TGF-b positive 
M-MDSCs; (D) MFI of TGF-b in M-MDSCs. The U Mann-Whitney test was used for comparative analysis.

cording to Rai stages (Fig. 3A, Table 2). Likewise, MFI 
was lower in patients at stage 0 (median, 456.0 MFI)  
as compared to the stages I/II (median, 481.90 MFI) 
and III/IV (median, 757.30 MFI) (Fig. 3B, Table 2).  
Similarly the percentage of M-MDSC with intracel-
lular TGF-b1 expression was significantly lower in 
patients at stage 0 as compared to the stages I/II and 
III/IV according to Rai stages (Fig. 3C, Table 2). Like-
wise, MFI was lower in patients at stage 0 as compared 
to the stages I/II and III/IV (Fig. 3D, Table 2).

The percentage of M-MDSC with intracel-
lular TGF-b1 expression was significantly high-
er in ZAP-70-positive patients compared with 
ZAP-70-negative ones (Fig. 4A, Table 3) (p < 0.05). 
Likewise, higher intracellular TGF-b1 expression 
determined by MFI was observed in ZAP-70+ than 
in ZAP-70- patients (p < 0.05) (Fig. 4B, Table 3). We 
also observed a higher percentage of M-MDSC with 
TGF-b1 expression in CD38-negative patients than 
in CD38-positive ones (p < 0.05) (Fig. 4C, Table 3). 
Likewise, MFI was higher in CD38+ than in CD38- 
patients; however, the difference was not statistically 
significant (p > 0.05) (Fig. 4D, Table 3). Opposing 
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Figure 3. IL-10 and TGF-b expression in M-MDSCs from CLL patients in different disease stages. (A) percentage of IL-10  
positive M-MDSCs; (B) mean fluorescence intensity (MFI) of IL-10 in M-MDSCs. (C) percentage of TGF-b positive 
M-MDSCs; (D) MFI of TGF-b in M-MDSCs. The Kruskal-Wallis test with Dunn correction was used for comparison or 
comparative analysis.

Table 2. M-MDSC with intracellular IL-10 or TGF-b1 expression in CLL patients at various disease stages (three risk groups)

CD14+CD11b+CD15-HLA-DR-/lowIL-10+

Stage 0 (n = 37) Stage I/II (n = 23) Stage III/IV (n = 10)

% MFI % MFI % MFI

Median 17.18 456.0 22.80 481.90 46.14 757.30

Minimum 2.32 258.2 4.28 279.20 17.51 318.70

Maximum 83.77 864.6 90.63 1000.00 86.40 991.50

IQR 53.65 212.6 42.85 357.6 60.39 484.00

CD14+CD11b+CD15-HLA-DR-/lowTGF-b1+

% MFI % MFI % MFI

Median 22.89 582.70 50.10 704.90 80.43 1000.00

Minimum 1.29 365.20 1.27 445.70 35.36 428.8

Maximum 89.41 987.90 97.63 1269.0 99.48 1230.0

IQR 53.01 175.60 66.76 261.70 49.69 393.40

MFI — Mean fluorescence intensity
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Figure 4. IL-10 and TGF-b expression in M-MDSCs from CLL patients analyzed by adverse prognostic factors. A. The percentage of 
CD14+CD11b+CD15-HLA-DR-/lowTGF-b+ cells in ZAP-70-negative patients compared with ZAP-70-positive patients. B. TGF-b expres-
sion levels indicated by the MFI (mean fluorescence intensity) in M-MDSCs from ZAP-70-negative and ZAP-70-positive patients. C. The 
percentage of CD14+CD11b+CD15-HLA-DR-/lowTGF-b+ cells in CD38-negative patients compared with CD38-positive patients. D. TGF-b 
expression levels indicated by the MFI in M-MDSCs from CD38- and CD38+ patients. E. The percentage of CD14+CD11b+CD15-HLA-
DR-/lowIL-10+ cells in ZAP-70-negative patients compared with ZAP-70-positive patients. F. IL-10 expression levels indicated by the MFI 
in M-MDSCs from ZAP-70-negative and ZAP-70-positive patients. G. The percentage of CD14+CD11b+CD15-HLA-DR-/lowIL-10+ cells in 
CD38-negative patients compared with CD38-positive patients. H. IL-10 expression levels indicated by the MFI in M-MDSCs from CD38- 
and CD38+ patients. The U Mann-Whitney test was used for comparative analysis.
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to what was observed for TGF-b1 differences in 
percentage of M-MDSC with IL-10 expression and 
IL-10 MFI levels were not statistically significant 
between ZAP-70+ and ZAP-70- patients (Fig. 4E, 
4F). Likewise, the difference between CD38-negative 
patients and CD38-positive ones was not statistically 
significant (p > 0.05) (Fig. 4G, 4H).

The percentage of M-MDSC with TGF-b1 expres-
sion correlated positively with the peripheral blood 
WBC count (r = 0.272; p < 0.05) and lymphocyte 
count (r = 0.260; p < 0.05). In the group of patients 
with CLL, no significant correlations were identified 
between the frequency of M-MDSC TGF-b1-positive 
and platelet counts, hemoglobin concentration, serum 
LDH and b2-microglobulin levels or the age of the 
patients.

There was a significant correlation between the 
percentage of M-MDSC with intracellular TGF-b1 ex-
pression and Treg cells (r = 0.223; p < 0.05) (Fig. 5A).  
Likewise, percentage of M-MDSC cell with IL-10 ex-
pression correlated with frequency of Treg (r = 0.35;  
p < 0.05) (Fig. 5B). 

Moreover, there was a significant difference in the 
median percentage of M-MDSC with intracellular IL-10  
expression between patients carrying the 11q22.3 
and/or the 17p13.1 deletion (median [IQR], 31.41% 
[21.29–76.96%]) and patients without these genetic 
aberrations (median [IQR], 20.67% [10.80–58.36%]) 
(p < 0.05) (Fig. 6A). We also observed a significantly 
higher percentage of M-MDSC positive for intracellu-
lar TGF-b expression in patients carrying the 11q22.3 
and/or the 17p13.1 deletion (median [IQR], 55.10% 

Table 3. Percentage of M-MDSC with the expression of IL-10 and IL-10 MFI in CLL patients classified into groups: 
 ZAP-70+, ZAP-70-, CD38+, CD38– 

M-MDSC IL10-positive

ZAP-70+ (n = 24) ZAP-70- (n = 46) CD38+ (n = 25) CD38- (n = 45)

% MFI % MFI % MFI % MFI

Median 21.95 458.20 20.02 478.00 22.91 465.60 19.67 478.00

Minimum 7.70 316.60 2.32 279.20 6.640 279.20 2.320 290.70

Maximum 99.84 1000.00 88.24 991.50 99.84 1000.00 86.40 991.50

IQR 48.33 382.90 41.80 318.70 55.59 380.50 36.32 296.50

M-MDSC TGF-b1-positive

% MFI % MFI % MFI % MFI

Median 43.28 830.20 24.56 631.80 25.51 738.70 46.71 639.40

Minimum 6.18 365.20 1.27 387.70 1.27 365.20 5.57 392.90

Maximum 99.48 1269.00 97.63 1265.0 97.14 1269.00 99.48 1265.0

IQR 57.85 476.80 60.33 189.90 60.20 532.20 63.41 197.20

Figure 5. The relationship between the percentages of Treg lymphocytes and M-MDSCs with intracellular TGF-b (A) or 
IL-10 (B) expression. The Spearman rank correlation coefficient was used in correlation tests.
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Figure 6. IL-10 and TGF-b expression in M-MDSCs from CLL patients carrying the 11q22.3 and/or the 17p13.1 deletion 
and patients without these genetic aberrations. (A) percentage of IL-10 positive M-MDSCs; (B) percentage of TGF-b pos-
itive M-MDSCs; (C) mean fluorescence intensity (MFI) of IL-10 in M-MDSCs; (D) MFI of TGF-b in M-MDSCs. The U 
Mann-Whitney test was used for comparative analysis.

[38.30–76.18%]) than in patients without these genetic 
aberrations (median [IQR], 32.60% [9.82–80.53%]  
(p < 0.01) (Fig. 6B).

Likewise, TGF-b1 and IL-10 expression levels in-
dicated by the MFI were compared between patients 
carrying the 11q22.3 and/or the 17p13.1 deletion 
(TGF-b1: median [IQR], 674.4 [571.5–903.0] MFI; 
IL-10: median [IQR], 470.8 [366.2–822.8] MFI) and 
patients without these genetic aberrations (TGF-b1: 
median [IQR], 629.5 [495.5–808.0] MFI; IL-10: me-
dian [IQR], 411.8 [334.2–656.7] MFI). However, the 
difference was not statistically significant (p > 0.05) 
(Fig. 6C, 6D).

During the follow-up period (range 1–55 months), 
17 patients required therapy (Table 1). The per-
centage of M-MDSC IL-10-positive and M-MDSC 
TGF-b1-positive measured at the time of diagnosis 

was statistically higher in patients requiring therapy 
as compared to patients without treatment during the 
observation period (IL-10: median [IQR], 27.95% 
[11.73–99.84%] vs. 21.48% [18.08–49.01%] TGF-b1: 
median [IQR], 49.76% [24.56–83.46%] vs. 39.35% 
[13.77–77.72%] (p < 0.05). However, MFI level was 
not statistically significant between both groups (IL-10:  
median [IQR], 477.0 [372.2–696.0] MFI vs. 375.3 
[319.3–774.9] MFI; TGF-b1: median [IQR], 735.7 
[477.1–927.3] MFI vs. 651.5 [575.5–876.9] MFI;  
p > 0.05).

Discussion

The presence of M-MDSC in the microenvironment 
has recently aroused great interest. M-MDSC, like 
regulatory T cells, is thought to contribute to the 
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effective reduction of anti-tumor response [30]. 
Unfortunately, there are very few studies available 
on M-MDSCs in CLL patients [16, 31–33]. Jitschin 
et al. [16] identified increased numbers of MDSCs 
(CD14+HLA-DRlo) in untreated patients with CLL. 
This finding is supported by our results showing the 
M-MDSC (defined as CD14+CD11b+CD15-HLA- 
-DR-/low cells) accumulation in CLL patients. 

M-MDSCs have been described to express IDO 
(indoleamine-2,3-dioxygenase). IDO activity is an 
important mechanism by which effector T cells can be 
induced and converted to Tregs. The IDO-mediated 
depletion of tryptophan and subsequent production 
of immunosuppressive products may also lead to T 
cell suppression through the down-regulation of the 
TCR-CD3-z chain [34]. IDOhigh MDSCs suppress both 
T-cell activation and proliferation in untreated CLL 
patients [16]. M-MDSCs have also been described to 
secrete TGF-b and IL-10, which exert direct immuno-
suppressive effects on T effector cells or induce the 
generation of Treg cells [35]. 

Alhakeem et al. [19] observed that CLL patients 
have a significantly higher level of IL-10 in plasma 
than healthy donors. They reported that IL-10 af-
fects CLL growth indirectly by suppressing anti-CLL 
T-cells. In their study IL-10 reduced the generation of 
effector CD4 and CD8 T-cells [19]. Still little is known 
about the mechanisms that lead to the increasing of 
M-MDSC, especially in the microenvironment of leu-
kemia [20] and lymphoma [24]. Lee et al. [36] found 
that TGF-b induced the expansion of the monocytic 
MDSC population, expression of immunosuppressive 
molecules by MDSCs, and the ability of MDSCs to 
suppress CD4+ T cell proliferation. In our study, we 
found a significantly higher percentage of M-MDSC 
with intracellular IL-10 or TGF-b expression in CLL 
patients than in healthy volunteers. Moreover, we re-
ported a significant correlation between the percent-
age of M-MDSC with TGF-b or IL-10 expression and 
the frequency of Treg cells. In general, the accumula-
tion of Treg lymphocytes in CLL is well documented. 
Their increased incidence in patients with CLL affects 
the severity of the disease and worse prognosis [37]. 

Recently, Zahran AM et al. [33] reported that the 
abundance of CD14+HLA-DRlo cells is associated 
with frequency of ZAP-70 and CD38 cells. Expression 
of CD38 and ZAP-70 in cancer cells of CLL patients 
are typical immunophenotypic unfavorable prog-
nostic markers of patients’ life expectancy [38]. It is 
interesting that M-MDSC from ZAP-70-positive and 
CD38-positive cases expressed higher TGF-b or IL-10 
levels. What is more, we were able to demonstrate  
a significant association of TGF or IL-10 expression 

in M-MDSC with del(11q22.3) and/or del(17p13.1). 
Deletions in the long arm of chromosomes 11 
[del(11q)] or in the short arm of chromosome 17 
[del(17p)] are recognized as high-risk genetic lesions 
[26]. Del(17p) is associated with an aggressive clinical 
course. Patients with leukemia cells that have del(17p) 
are resistant to standard chemotherapy regimens 
containing alkylating agents and purine analogs [26, 
39, 40]. Likewise, the presence of del(11q) is associ-
ated with a clinically progressive disease in almost all 
CLL cases [41]. Patients with leukemia cells that have 
del(11q) have been associated with shorter TTFT 
(time to first treatment), shorter remission durations, 
and shorter OS (overall survival) following standard 
chemotherapy compared to cases without this genetic 
aberration [41].

Gustafson et al. [31] reported that the abundance 
of CD14+HLA-DRlo cells is associated with a shorter 
time to CLL progression. Likewise, Liu et al. [32] 
reported that upregulation of CD14+HLA-DRlow/- 
MDSCs correlated with CLL progression and a poor 
prognosis for CLL patients. Recently, Zahran AM et 
al. [33] reported that the survival time was significantly 
shorter in patients expressed high levels of M-MDSC 
when compared to those with low levels. In our study 
patients who required therapy had a higher percent-
age of M-MDSC with TGF-b or IL-10 expression. 
Moreover, the percentage of CD14+HLA-DR-/low 
cells with TGF-b or IL-10 expression increased with 
more advanced clinical stage of CLL. Undoubtedly, 
the existence of a relationship between the number 
of CD14+HLA-DR-/low cells and the stage of clinical 
advancement of the disease indicates the possible 
involvement of CD14+HLA-DR-/low cells in CLL pro-
gression. According to the data presented by Jitschin 
et al. [16], patients with a higher M-MDSC percentage 
have a more rapid accumulation of leukemia lympho-
cytes. In our study, the percentage of M-MDSC with 
TGF-b expression correlated positively with the WBC 
count and PB lymphocyte count. 

This is the first report investigated the potential role 
of M-MDSCs in CLL by analyzing the level of IL-10  
and TGF-b1 expression in circulating M-MDSCs in 
correlation with clinical and laboratory parameters 
characterizing disease activity and patients’ immune 
status. We have shown that an increased percentage of 
M-MDSC cells producing IL-10 and TGF-b1 patients 
may be associated with suppression of the immune 
response against leukemic cells. It can be assumed 
that the increased percentage of M-MDSC with 
intracellular expression of IL-10 and TGF-b1 may in 
the future be the factor defining the group of patients 
with shorter time to onset of treatment.
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Abstract 
Introduction. Graves’ orbitopathy (GO) is a complication in Graves’ disease (GD) that causes disfigurement and 
sometimes blindness. The pathogenesis of GO remains unknown, while its symptoms demonstrate dependence 
between the thyroid gland and the orbit. The ongoing inflammatory process in retrobulbar tissue results in its 
remodeling characterized by increased volume of the orbital contents involving adipose tissue, with fibrosis and 
adipogenesis as predominant features. This study was aimed at the immunohistochemical verification of potential 
contribution and correlation between orbital expressions of IGF-1R, CD34, Foxp-3, PPAR-g and CD4, CD68, 
TGF-b, FGF-b in severe and mild (long-lasting) GO. 
Material and methods. Forty-one orbital tissue specimens — 22 patients with severe GO, 9 patients with mild GO 
and 10 patients undergoing blepharoplasty as a control group — were processed by routine immunohistochemistry.
Results. Increased IGF-1R, CD34 and Foxp-3 expression was found in both severe and mild GO, yet a signifi-
cant correlation between CD34 and CD4, CD68, TGF-b, FGF-b expressions was observed in long-lasting GO. 
Conclusions. CD34 expression is proposed to be the marker of orbital tissue remodeling in the course of mild 
GO. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 1, 37–45)

Key words: Graves’ orbitopathy; CD34; IGF-1R; PPAR-g; CD68; TGF-b; FGF-b; Foxp-3; tissue remodeling; 
autoimmunity; IHC 
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Introduction

The pathogenesis of Graves’ orbitopathy (GO) 
remains enigmatic as does the connection between 
the thyroid and orbit [1, 2]. GO is characterized by 
a volume increase of the orbital adipose tissue and 
orbital remodeling, but the cells and molecules that 
drive orbital adipogenesis and remodeling remain 
uncertain. Previously, CD34(+) fibrocytes, mono-
cyte-lineage bone marrow-derived cells, were found to 
infiltrate the orbit in GO where they could transform 
into CD34(+) orbital fibroblasts [3, 4]. Moreover, it 
has been reported that CD34(+) fibrocytes express 
functional TSH receptor, the central autoantigen in 
Graves’ disease (GD) [5, 6]. In addition to the TSH 
receptor, orbital fibrocytes (OF) express the insu-
lin-like growth factor 1 receptor (IGF-1R) and the 
role of TSHR/IGF-1R crosstalk has been recently 
emphasized in the pathogenesis of GO [7–9]. Previous 
study had shown that IGF-1R levels were three-fold 
higher on the orbital fibroblasts (OF) from GO pa-
tients compared with control fibroblasts [10]. Most 
recently, Zhao et al. showed that IGF-1 significantly 
promoted the cell proliferation and lipid accumula-
tion in stromal cells derived from GO-orbital adipose 
tissue [11]. Furthermore, Zhao et al. have demon-
strated that the protein level of peroxisome prolifera-
tor-activated receptor-g (PPAR-g), involved in insulin 
action, adipocyte differentiation, lipid metabolism 
and inflammation, is up-regulated in adipose-derived 
stromal cells when treated with IGF-1, which involved 
activation of IGF-1R and subsequent PI3K signaling 
[11]. These data illustrate that the IGF-1/IGF-1R axis 
represents a pro-proliferative and pro-adipogenic 
pathway in orbital tissue from GO [11]. 

Regulatory T cells (Tregs) are crucial in sup-
pressing aberrant pathological immune responses, 
including auto-immune responses [12]. To maintain 
homeostasis, Tregs use different mechanisms, includ-
ing the secretion of inhibitory cytokines, but also by 
cell surface expression of molecules such as cytotoxic 
T lymphocyte-associate protein 4 (CTLA-4) that is 
a critical negative regulator of T cell immunity. De-
velopment and functioning of Tregs is controlled by 
the transcription factor Forkhead box P3 (Foxp-3), 
while the absence or dysfunction, reduced number 
of CD4+CD25+Foxp-3+ Tregs associated with au-
to-immune disease, including GD [13, 14]. Previously, 
we found enhanced Foxp-3 mRNA expression in GO 
orbital tissue samples and the positive correlation 
observed with CD3 infiltration along with diminished 
CTLA-4 expression suggesting that inadequate Treg 
function contributes to the pathogenesis of severe 
GO [15]. 

The limitations in our understanding of extrathy-
roidal Graves’ disease immunophenotype result in 
unsatisfying treatment of severe GO. Therefore, we 
performed a detailed immunohistochemical study 
that aimed at comparing the expression pattern of 
CD34, IGF-1R, Foxp-3, and PPAR-g in the orbital 
fat/connective tissue of patients with mild/long-last-
ing and severe/active GO in relation to tissue infil-
trating cells and remodeling properties (CD4, CD68, 
TGF-b, FGF-b) in these two subgroups of patients 
with GO. 

Material and methods

Patients and controls. Human orbital tissue samples from 
twenty seven patients with GO (26 females and 1 male) 
classified according to the European Group on Graves’ 
Orbitopathy [16], who underwent orbital decompression 
procedures, were obtained from the orbital tissue bank at 
the Department of Ophthalmology, University of Essen, 
Essen, Germany. The mean age of patients at the time of 
surgery was 44.5 years (range 26–47). 

Control, age-matched, fat/connective tissue was obtained 
from 10 individuals (9 females and 1 male) undergoing or-
bital surgery for blepharoplasty and without history of GO 
or any orbital inflammatory disease. Surgical specimens 
were immediately snap-frozen in liquid nitrogen and stored 
in –80°C until use. 

The clinical activity score of GO (CAS) was estimated 
according to Mourits et al. [17]. The severity of the eye 
disease was estimated using NOSPECS classification (no 
signs or symptoms; only signs, on symptoms; signs only; 
proptosis; eye muscle involvement; corneal involvement; 
and sight visual acuity reduction) [16].

Patients with severe GO (NOSPECS IV–VI), required 
orbital bony decompression due to optic nerve compression 
and limited extraocular muscle functions (22 specimens). 
Mean duration of thyroid disease was 2.5 ± 1.5 years (mean 
± SD) and 1.2 ± 1 year for GO. Before the surgery all 
patients received > 1 cycle of steroid treatment and orbital 
irradiation. The mean clinical activity score was 8.5 ± 2.5.

Patients with mild GO (n = 9) (NOSPECS III–IV) 
underwent orbital bony decompression to reduce proptosis. 
Mean duration of thyroid disease was 3.9 ± 2 years and 3.3 
± 1.9 for GO. Steroid treatment and orbital irradiation 
characteristics in this group were similar to the patients with 
severe GO. The mean clinical activity score was 2.2 ± 0.8. 

The study was approved by the Medical Ethics Com-
mittee of the University of Essen, Germany. All procedures 
performed in studies involving human participants were in 
accordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 Hel-
sinki declaration and its later amendments or comparable 
ethical standards.
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Immunohistochemistry. Formalin-fixed, paraffin-embedded 
human orbital cryosections (4 µm thick) were subjected 
to heat-induced antigen retrieval in EnVision Flex Target 
Retrieval Solution (DAKO, Glostrup, Denmark) in high pH 
(Tris/EDTA buffer, pH = 9) for the evaluation of CD34 
and Foxp-3, and in low pH (0.01M sodium citrate buffer, 
pH = 6.0) for IGF-IR and PPAR-g expression. Following 
the reduction of endogenous peroxidase activity by im-
mersion in 3% hydrogen peroxidase in methanol for 10 
minutes and blockade of nonspecific antigens, slides were 
incubated with primary antibodies, as indicated in Table 1, 
overnight at refrigerator temperature (4°C). Visualization 
reagent EnVision/HRP (DAKO Omnis) was applied for 20 
minutes followed by DAB+ Chromogen (DAKO Omnis) 
solution for 10 minutes. The slides were counterstained with 
hematoxylin and evaluated under the light microscope. The 
results of the immunostaining were evaluated in 15 random 
fields under 20× magnification per each sample by two 
independent pathologist blindly. The immunohistochemical 
assessment of CD4, CD68, TGF-b and FGF-b was evaluated 
and described earlier in our previous study [18]. The results 
were expressed as the percentage of IGF-1R+, CD34+, 
PPAR-g+ orbital fibroblasts (OF) and Foxp-3+ associated T 
lymphocytes by the positive staining as follows: ≤ 10% pos-
itive cells — negative (−), between 11% and 50% (+), and 
≥ 51% positive cells (++). Although both nuclear and cyto-
plasmic expressions were observed, it was necessary to use  
a unified semi-quantitative rating system in order to deter-
mine possible dependencies in co-expression. 

Statistical analysis. The results were analyzed using 
Statistica 12.0 for Windows (StatSoft, Poland). Owing to 
asymmetric data distribution, nonparametric tests were 
used. Significance levels were calculated in accordance with 
Kruskal-Wallis test (differences between the control and 
examined group). The correlations between the examined 

parameters were assessed with Spearman’s rank correlation 
test. A p-value < 0.05 was regarded as significant. 

Results

In this study we assessed IGF-1R, CD34, Foxp-3 and 
PPAR-g expression in the orbital tissue in severe and 
mild GO compared between each other and with 
control cases. Obtained results were correlated with 
CAS of GO patients and with CD4, CD68, TGF-b 
and FGF-b expression. 

CD34 expression 
CD34 expression was found in OF in orbital connec-
tive tissue of GO patients (Fig. 1A–B). 80% of the 
evaluated control samples were negative for CD34 
expression, while all mild GO cases were evaluated 
as + while in severe GO cases ~23% of the orbital 
tissues were scored as + and ~ 77% were rated as 
++ (Table 2 and 3).

Foxp-3 expression 
Foxp-3 expression (Fig. 1C) was found in associated 
T lymphocytes from orbital connective tissue of both 
control and GO patients. From the orbital tissues 
obtained from the control group, half of them re-
vealed a Foxp-3 staining scored as + while the other 
half was scored as ++ (Table 2). Within the group of 
mild GO all orbital tissues were evaluated as + while 
in the severe GO group ~59% of the orbital tissues 
were scored as ++, ~32% as + and ~9% as negative 
(Table 2 and Table 3).

IGF-1R expression 
IGF-1R was undetectable in the orbital tissue from all 
control cases (Table 2). However, IGF-1R expression 

Table 1. Antibodies used in the study for immunohistochemical stainings. For negative control phosphate-buffered saline 
(PBS) was used instead of primary antibody, no staining was detected when the primary antibody was omitted

Antibody Type of antibody Dilution Positive control

IGF-1Ra Monoclonal mouse anti-human
Santa Cruz Biotechnology

Antibody (1H7): sc-461

1:100 Thyroid gland tissue

CD34 Monoclonal rabbit anti-human
Abcam

Antibody (EP373Y): ab81289

1:100 Normal kidney vessels tissue

Foxp-3 Monoclonal mouse anti-human
Santa Cruz Biotechnology

Antibody (2A11G9): sc-53876

1:150 Human lymph node tissue

PPAR-g Monoclonal mouse anti-human
Santa Cruz Biotechnology
Antibody (E-8): sc-7273

1:50 Human placenta tissue
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was found in OF in connective tissue and surrounding 
the blood vessels in GO specimen (Fig. 1D–E). ~77% 
of mild GO cases were evaluated as + while in case 
of patients with severe GO ~77% of the orbital tissue 
were scored as ++ (Table 2 and Table 3).

PPAR-g expression 
PPAR-g expression was also found in OF in orbital con-
nective tissue of control and GO patients (Fig. 1F–G).  
60% of the orbital tissues from the control group 
showed a positive staining estimated as ++, while 
30% were scored as + and 10% as negative (Table 2).  

Within the mild GO subgroup ~78% of the orbital 
tissues were scored as + and ~22% as ++ (Table 2). 
Orbital tissues from the severe GO group were scored 
as + in ~64% of the cases and the remaining 36% 
were scored as ++ (Table 2 and Table 3). 

Correlation of IGF-1R and CD34 with CAS 
Using the Spearman’s rank correlation we found that 
IGF-1R expression was positively and strongly corre-
lated with CAS (R= 0.6521, p = 0.00007) in the whole 
group of GO patients. CD34 expression also correlated 
positively with CAS in the total GO (p = 0.03). However,  

Table 2. The descriptive statistics of evaluated score for immunohistochemical staining of the respective antigens in control 
and Graves’ orbitopathy (GO) patients with mild and severe disease activity. The p-value presented in the Kruskal-Wallis 
test column is a comparison of the given sub-group with the control group

Antigen and disease activity n Mean SD Medi-
an

Min Max Q1 Q3 p (Kruskal-Wallis)

IGF-1R, severe GO 22 1.9 0.4 2.0 1.0 2.0 2.0 20. p = 0.0000

IGF-1R mild GO 9 0.9 0.6 1.0 0.0 2.0 1.0 1.0 p = 0.0000

IGF-1R control 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0  

CD34 severe GO 22 1.8 0.4 2.0 1.0 2.0 2.0 2.0 p = 0.0000

CD34 mild GO 9 1.0 0.0 1.0 1.0 1.0 1.0 1.0 p = 0.0000

CD34 contr. 10 0.2 0.4 0.0 0.0 1.0 0.0 0.0  

Foxp-3 severe GO 22 1.5 0.7 2.0 0.0 2.0 1.0 2.0 p = 0.0351

Foxp-3 mild GO 9 1.0 0.0 1.0 1.0 1.0 1.0 1.0 p = 0.0351

Foxp-3 contr. 10 1.5 0.5 1.5 1.0 2.0 1.0 2.0  

PPAR-g severe GO 22 1.4 0.5 1.0 1.0 2.0 1.0 2.0 p = 0.3213

PPAR-g mild GO 9 1.2 0.4 1.0 1.0 2.0 1.0 1.0 p = 0.3213

PPAR-g contr. 10 1.5 0.7 2.0 0.0 2.0 1.0 2.0

Figure 1A–B. The expression of CD34 in fibroblasts of orbit connective tissue in mild Graves’ orbitopathy (GO) (A) and 
severe GO (B). The immunohistochemical (IHC) staining was performed as described in Methods. Arrowheads indicate 
immunoreactivity.

A B
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neither Foxp-3 nor PPAR-g expression showed any cor-
relation with CAS of GO patients (Table 4).

Correlation with CD4, CD68, FGF-b and TGF-b
In addition, using the Spearman’s rank correlation we 
examined the relationship between the expression of 

IGF-1R or CD34 with immunohistochemical staining 
analysis for CD4, CD68, FGF-b and TGF-b which had 
been conducted on the same orbital tissues in one of 
our previous studies [13]. A positive correlation was 
found between IGF-1R or CD34 and all parameters, 
when GO cases were considered without further 
subdivision into mild and severe subgroups (Table 5).  
In mild GO a statistical significant correlation was 
observed between the expression of CD34 and CD4, 
CD68, TGF-b or FGF-b. Further, a clear trend to-
wards a positive correlation was observed between 
the expression of CD34 and TGF-b in severe GO  
(p = 0.07613). IGF-1R expression only revealed pos-
itive and significant correlations with FGF-b in mild 
GO and with CD4 in severe GO (Table 5).

Discussion

In GO the ongoing inflammatory process in the retro-
bulbar tissue results in adipogenesis, volume increase 

Table 3. Number of patients and the percentage of IGF-1R, 
CD34, Foxp-3 and PPAR-g expression within scores 0 (-), 1 
(+), and 2 (++) in the examined groups of control subjects 
and Graves’ orbitopathy patients

IGF-1R expression Control Mild GO Severe GO Sum

0 10 (100%) 1 (11.1%) 0 11

1 0 7 (77.8%) 5 (22.7%) 12

2 0 1 (11.1%) 17 (77.3%) 18

CD34 expression Control Mild GO Severe GO Sum

0 8 (80.0%) 0 0 8

1 2 (20.0%) 9 (100%) 5 (22.7%) 16

2 0 0 17 (77.3%) 17

Foxp-3 expression Control Mild GO Severe GO Sum

0 0 0 2 (9.1%) 2

1 5 (50%) 9 (100%) 7 (31.8%) 21

2 5 (50%) 0 13 (59.1%) 18

PPAR-g expression Control Mild GO Severe GO Sum

0 1 (10%) 0 0 1

1 3 (30%) 7 (77.8%) 14 (63.7%) 24

2 6 (60%) 2 (22.2%) 8 (36.4%) 16

Immunohistochemistry score: 0 — less than 10% positive in 15 represen-
tative high power fields (HPF); 1 — 10%–50% positive cells in 15 HPF; 
2 — more than 50% positive cells in 15 HPF.

Figure 1C. The expression of FoxP3 on lymphocytes surround-
ing blood vessels within orbital connective tissue in Graves’ 
orbitopathy (arrows). The IHC staining was performed as 
described in Methods.

Figure 1D–E. IGF-IR immunoreactivity (arrows) in fibro-
blasts of orbital connective tissue obtained from patients 
with mild GO (D) and severe GO (E). The IHC staining was 
performed as described in Methods.

D

E

C
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of the orbital adipose-connective tissue and, in the 
end, remodeling characterized by fibrosis. These 
processes encompass both changes in cellular compo-
sition and extracellular matrix within the orbital tissue, 
which are controlled by stimulatory factors such as 
growth factors and cytokines released by infiltrating 
immune cells [2, 18, 19].

Tsui et al. suggested that cross-talk between the 
TSH and IGF-1 receptors plays a role in GO patho-
genesis [10], which has been further supported by 
findings of numerous other scientific groups [7, 9, 
20]. Interestingly, IGF-1 promotes cell prolifera-
tion and lipid accumulation within orbital adipose 
tissue-derived stromal cells from patients with GO 
[11]. Recently we revealed that IGF-1 stimulation of 
peripheral blood mononuclear cells (PBMC) derived 
from GO patients resulted in significant increase of 
Treg frequency, thus demonstrating Treg-enhancing 
effects of IGF-1 [21]. This effect of IGF-1 may also 
impact Treg numbers locally within the orbital tissue 

Figure 1F–G. PPAR-g immunoreactivity expression in fibro-
blasts of orbital connective tissue in mild GO (F) and severe 
GO (G). The IHC staining was performed as described in 
Methods.

Table 4. Spearman’s correlation of clinical activity score 
(CAS) values with examined parameters in patients with 
Grave’s orbitopathy

CAS

R value P value

IGF-1R expression 0.6521 0.00007

CD34 expression 0.3872 0.03127

Foxp-3 expression 0.2948 0.10738

PPAR-g expression 0.1384 0.45664

Table 5. Spearman’s rank correlations of CD4, CD68, FGF-b 
and TGF-b with IGF-1R or CD34 expression without dividing 
into groups and within mild and severe Grave’s orbitopathy 
(GO)

Without dividing into groups  
(n = 31)

R value P value

CD4 expression

IGF-1R expression 0.6277 0.00001

CD34 expression 0.5334 0.00033

CD68 expression

IGF-1R expression 0.5445 0.00016

CD34 expression 0.4442 0.00361

FGF-b expression

IGF-1R expression 0.6455 0.00000

CD34 expression 0.5330 0.00033

TGF-b expression

IGF-1R expression 0.7989 0.00000

CD34 expression 0.6369 0.00001

Mild GO (n = 9) Severe GO (n = 22)

R value P value R value P value

CD4 expression

IGF-1R expression 0.6754 0.2237 0.5587 0.00846

CD34 expression 0.5334 0.00033 0.0925 0.1476

CD68 expression

IGF-1R expression 0.3487 0.1876 0.0654 0.3256

CD34 expression 0.4442 0.00361 0.2421 0.5421

FGF-b expression

IGF-1R expression -0.7043 0.02298 0.6054 0.2877

CD34 expression 0.5330 0.02298 0.4334 0.1233

TGF-b expression

IGF-1R expression 0.7155 0.0928 0.1054 0.2227

CD34 expression 0.6369 0.00001 –0.3953 0.07613

F

G



43CD34 expression reflects tissue remodeling in GO

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2020
10.5603/FHC.a2020.0003

www.journals.viamedica.pl/folia_histochemica_cytobiologica

from GO and therefore we compared the expression 
pattern of the IGF-1R with that of Foxp-3 in this 
current study. We demonstrated the medium Foxp-3 
expression (11% to 50% positive cells) in all orbital 
tissues from patients with mild GO, whereas in severe 
GO majority of patients (~59% of cases revealed 
a staining pattern of ≥ 50% positive cells). It could 
suggest that orbital accumulation of Foxp-3 could 
suppress CD4+ mediated inflammatory process in 
mild GO more than in severe GO and it might be not 
sufficient in overcoming severe GO.

In accordance, Kahaly et al. observed that peripheral 
blood T-cells from GO patients more strongly upregu-
lated Foxp-3 and CD25 upon stimulation with rabbit 
anti-T-lymphocyte globulin (rATG) than T-cells from 
patients with Graves’ disease without orbital involve-
ment as well as healthy controls [22]. In addition, recently 
Bilbao et al. found that human IGF-1 stimulates prolifer-
ation of Tregs [23]. Thus, Tregs as immunosuppressive 
cells, generally suppress or downregulate induction and 
proliferation of effector T cells, maintaining tolerance 
to self-antigens and preventing autoimmune reactions 
[24]. Therefore, within GO orbital tissue Tregs might 
be upregulated by IGF-1R stimulation. 

Recent research has found that the cytokine 
TGF-b is essential for Tregs to differentiate from 
naïve CD4+ cells and is important in maintaining 
Treg homeostasis [25]. The overexpression of this 
protein induces the differentiation and expansion of 
Tregs [11]. The relationship between the disease dura-
tion, as in patients with mild GO, and TGF-b secretion 
was demonstrated in our previous studies [18]. More-
over, previously we found enhanced Foxp-3 mRNA 
expression in GO orbital tissue which correlated with 
CD3 expression and serum CRP levels suggesting 
its involvement in the pathogenesis of severe GO 
[15]. In accordance, Chen et al. showed that IGF-1R 
inhibition diminished trafficking of CD4+ T cells as 
well as IGF-1 actions in fibroblasts [26]. Moreover, 
Frostad et al. found that IGF-1 has a costimulatory 
effect on proliferation of progenitors derived from 
human umbilical cord CD34+ cells [27]. In the context 
of these studies we have demonstrated the significant 
correlation between IGF-1R and CD4 expression in 
patients with severe GO confirming the assumption 
about the positive relationship between them. 

Previous papers suggested, that IGF-1R signaling 
may accelerate severity of GO which may be related 
to its enhanced expression by orbital fibroblasts and 
T-lymphocytes from GO patients. The production of 
T-cell chemoattractants, hyaluronan and adipogenesis 
by orbital fibroblasts/stromal cells upon IGF-1R acti-
vation and the role of circulating stimulatory IGF-1R 
autoantibodies (IGF1R-Abs), however controversial 

[28]), were also detected [11, 29, 30]. Notwithstanding, 
Bilbao et al. demonstrated that IGF-1 directly targets 
human and mouse Tregs thereby stimulating their 
proliferation. In addition, they demonstrated that 
systemically delivered IGF-1 suppressed autoimmune 
symptoms in mouse models of multiple sclerosis and 
type-1 diabetes, which involved local Treg recruit-
ment and modulation of Treg transcriptome [23]. 
Moreover, Zhao et al. claimed that the IGF-1/IGF-1R 
axis represents a pro-proliferative and pro-adipogenic 
pathway in orbital tissue from GO [11]. Indeed, our 
results indicate that elevated IGF-1R expression may 
exert an important role in the pathogenesis of severe 
GO, as orbital tissue from most severe GO patients 
(~77% of cases) revealed robust staining for IGF-
1R (≥ 50% positive cells) whereas in mild GO the 
expression of IGF-1R was far less pronounced (78% 
revealed a staining pattern of between 11% and 50% 
positive cells). Moreover the negative correlation be-
tween IGF-1R and FGF-1b in mild GO could suggest 
that the pro-proliferative and pro-fibroblastic (pro-
adipogenic) properties of IGF-1R stimulation may be 
milder or altered in this GO group. Yet, to elucidate 
the exact contribution of orbital IGF-1R expression 
in GO further studies are required. 

The signaling pathways of adipogenesis have been 
shown to involve both TSH-R and IGF-1R and it 
appears both TSH-R and IGF-1R share the same in-
tracellular AKT/PI3K signaling to affect adipogenesis 
probably by co-localization of these two receptors on 
orbital fibroblasts [8]. In addition, PPAR-g involved 
in adipocyte differentiation, lipid metabolism and 
inflammation is a potent stimulator for adipogenesis 
in GO as well. Recently, Alevizaki et al. observed that 
the distribution of the Pro(12)Ala PPAR-g gene poly-
morphism is equally present in patients with GD with 
or without GO [31]. However, among patients with 
GO this polymorphism is associated with less-severe 
and less-active disease. Alevizaki et al. concluded 
that the PPAR-g gene does not seem to be involved 
in the predisposition for GO. Interestingly, Zhao et 
al. demonstrated that activation of IGF-1R and PI3K 
signaling pathways resulted in PPAR-g up-regulation 
in adipose tissue-derived stromal cells [11]. Yet, in our 
experiments we did not find any significant relation 
between PPAR-g and the other molecules studied. 
However, the steroid treatment our patients received 
may have hampered PPAR-g expression in both 
groups of GO analyzed. Nevertheless, comparison 
of PPAR-g staining in patients with mild GO versus 
severe GO revealed that more mild long lasting cases 
had a score 1 (~78% of cases) than severe active cases 
(~63% of cases), suggestive of its role in a long term 
tissue remodeling and less-active disease. 
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Recently, CD34+ fibrocytes were found to express 
functional TSH receptor, the central antigen in GD 
[4, 6, 32]. Kozdon et al. observed that CD34 protein 
was expressed by 45% up to 70% of the GO orbital 
fibroblasts [33]. Furthermore, CD4+ T cells secrete 
cytokines that stimulate the production of mucopol-
ysaccharides by orbital fibroblasts, which contributes 
to edema in the extraocular muscles [33]. In orbital 
tissue from mild GO we found a positive correlation 
between CD34 expressing cells and CD4+ T-cell and 
macrophage (CD68+) infiltration. Furthermore, the 
positive relationship of CD34+ cells with TGF-b and 
FGF-b expression in longer-lasting GO, suggest that 
T cells and macrophages may mediate an immune 
response stimulating orbital fibroblasts, consequently 
CD34+ cells may thus exhibit a key role in orbital 
tissue remodeling in these patients [18]. Despite the 
increased expression of IGF-1R, CD34 and Foxp-3 in 
both mild and severe GO we observed a positive cor-
relation between IGF-1R, CD34 and CAS coefficient, 
which may indicate that these molecules are expressed 
at higher level in patients with acute disease. 

In conclusion, our observations support involve-
ment of the IGF-1 receptor, Foxp-3 expressing Tregs, 
and CD34+ expressing cells (fibroblasts/fibrocytes) in 
the development of both mild and severe GO. Fibro-
sis in mild GO is associated with TGF-b and FGF-b 
expression, which is mediated by helper T cells and 
macrophages and correlates with CD34 expression. 
Thus, due to the multidirectional relationship with oth-
er molecules and factors, CD34 expression rather than 
IGF-1R or Foxp-3 is proposed to represent a marker 
of orbital tissue remodeling in the course of GO.
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Abstract
Introduction. Canine lymphoma remains one of the most chemotherapy-responsive neoplasia in dogs. Many factors 
affect the prognosis in dogs treated for lymphoma, but indications for a specific treatment regimen in individual animals 
with lymphoma are poorly defined. Topoisomerase IIa (TOPIIa) is a key enzyme in DNA replication and a molecular 
target for TOPIIa inhibitors, including anthracyclines. The aim of this study was to determine the expression of TOPIIa  
in canine malignant lymphomas. The relationship between TOPIIa expression in canine lymphomas and potential 
sensitivity of neoplastic cells to anthracycline-based chemotherapy is discussed. 
Materials and method. Samples of formalin-fixed paraffin-embedded lymph nodes from 47 dogs with different subtypes 
of non-Hodgkin’s (34 B-cell and 13 T-cell) lymphoma were immunohistochemically labeled with anti-TOPIIa. The 
number of positive cells and the intensity of the reaction were taken into account in order to assess TOPIIa expression. 
Results. TOPIIa expression was evident in all cases, although differences in the number of positive cells and intensity 
of the reaction were demonstrated between B-cell and T-cell lymphoma groups as well as within individual groups. 
Based on the established scoring system, in the B-cell lymphoma group statistically higher expression of TOPIIa was 
found compared to the T-cell lymphoma group (P = 0.006). In B-cell lymphoma group moderate (41.18%) and strong 
(32.35%) TOPIIa expression predominated, whereas among T-cell lymphoma group the majority were cases with  
a weak (46.15%) TOPIIa expression. 
Conclusion. These preliminary results indicate that further studies are needed to determine the prognostic 
value of TOPIIa expression with regard to the sensitivity of canine B-cell lymphomas to anthracycline-based 
chemotherapy regimen. Nevertheless, this study indicates the possibility of choosing the appropriate treatment of 
canine lymphoma based on TOPIIa expression. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 1, 46–53)

Key words: topoisomerase IIa; dog, lymphoma; immunohistochemistry; chemotherapy

Introduction

Nearly 90% of hematological malignancies and about 
5–7% of all neoplasia in dogs are malignant lymphomas, 
in which chemotherapy is the treatment of choice [1–4]. 
The main diagnostic test for suspected lymphoma is 
cytopathological examination of fine needle aspirates 
collected from enlarged lymph nodes and, according to 
the WHO guidelines, histopathological examination of 
the surgically removed lymph node supplemented with 
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the immunophenotype assessment [5–8]. Canine lympho-
mas are very sensitive to chemotherapy, as evidenced by 
numerous studies which indicate that complete remission 
(CR) is obtained in about 65% to 98% of treated ani-
mals [9–16]. In some cases, the remission lasts up to 36 
months [9]. Despite the availability of numerous therapy 
regimens, it is difficult to determine the prognosis, select 
the optimal treatment method and predict the response to 
the therapy in each individual patient [12, 17–19]. When 
selecting a therapy protocol, factors such as lymphoma 
immunophenotype, histological type and grade of ma-
lignancy as well as clinical stage are usually taken into 
consideration [20–24]. In many cases the response to the 
treatment regimen is not satisfactory due to the partial 
remission (PR) or rapid relapse, which implies the need 
to adjust the treatment protocol with other cytotoxic drugs 
[9, 10]. Due to the high cytotoxicity and side effects of 
drugs used in chemotherapy and the varied response to 
the treatment protocol, attempts are being made to im-
plement individualized treatment. Targeted therapy aims 
to adapt the treatment regimen to the type of neoplasia as 
well as to the individual patient. The therapeutic effect of 
specific cytotoxic drug differs among individuals despite 
the same histological type of lymphoma [9, 10, 25–28]. 
Therefore, prognostic factors that allow the determination 
of a predictable response to the treatment protocol remain 
in the area of clinical interest. The potential predictive 
value of protein markers whose expression changes in 
the course of neoplastic transformation is of particular 
interest. One of such markers is DNA topoisomerase IIα 
(TOPIIα) belonging to the family of enzymes involved 
in DNA replication [29]. The TOPIIα function is asso-
ciated with condensation and chromosome formation, 
reorganization of double-stranded DNA and segregation 
of newly formed chromosomes. TOPIIα expression is 
variable, associated with the phase of the cell cycle. 
TOPIIα expression increases in S phase, reaching peak 
in G2 and M phase, and then decreases at the end of 
mitosis (G1 phase). TOPIIα during the complicated 
7-step process leads to the separation of two strands of 
DNA, allowing cell division [30–33]. The inhibition of 
the TOPIIα function results in permanent links between 
the DNA strands, and finally in blocking of transcription 
and replication. Cells with damaged DNA are eliminated 
by apoptosis [34–37]. TOPIIα is therefore a molecular 
target for antineoplastic drugs such as anthracyclines, 
which are TOPIIα inhibitors [38]. The most commonly 
used anthracycline drugs to treat lymphomas in dogs are 
doxorubicin and epirubicin [9, 16, 39, 40]. In vivo and in 
vitro studies carried out on neoplastic cell lines in humans 
have shown that the sensitivity of neoplastic cells to an-
thracycline drugs depends on TOPIIα cellular expression 
[25, 30, 34, 35, 41]. In addition, one study carried out on 
women with breast cancer treated with mastectomy fol-

lowed by adjuvant anthracycline chemotherapy showed 
that the mortality rate was higher and the free survival 
time was shorter in patients with TOPIIα-negative tu-
mors as compared to patients with a positive TOPIIα 
status [31]. A retrospective study on human B-cell lym-
phomas managed with anthracycline-based chemother-
apy revealed that TOPIIα expression was significantly 
associated with the response to chemotherapy, but not 
to disease-free or overall survival [25]. In veterinary 
oncology, TOPIIα inhibitors are relatively widely used 
in various chemotherapy protocols with no data on the 
determination of TOPIIα expression levels in canine 
lymphomas. The aim of the study was to determine the 
expression of TOPIIα in malignant lymphomas in dogs 
in relation to the potential sensitivity of neoplastic cells 
to anthracycline-based chemotherapy.

Material and methods

Animals and design of the study. Dogs of different sex and 
different age with a suspect of multicentric lymphoma based 
on clinical symptoms, chest x-rays, abdominal ultrasound, fine 
needle aspiration biopsy and laboratory tests were considered 
for inclusion. The studied material consisted of samples of 
enlarged canine popliteal lymph nodes. Forty-seven samples of 
lymph nodes were ultimately included upon the histopatholog-
ical confirmation of lymphoma (stage III and IV according to 
WHO Clinical Staging System for Lymphosarcoma in Domes-
tic Animals). The animals were not treated with chemotherapy 
or steroids prior to collection of the lymph nodes. The study 
design was approved by the local ethics committee.

Histopathological examination. Surgically removed lymph 
nodes were fixed for 24 hours in 10% formalin, pH = 7.2, 
and then carried out by alcohol solutions, acetone and xylene 
to paraffin blocks in a tissue processor (Leica TP-1020). 
Four μm thick tissue sections were stained with hematoxylin 
and eosin. The morphological evaluation of stained tissue 
sections was based on WHO classification criteria [6].

Immunohistochemical evaluation. To determine the 
lymphoma immunophenotype and to evaluate TOPIIa 
expression, tissue sections were applied to Super Frost 
slides (Menzel-Glaser) and then incubated at 56°C for  
12 hours. Tissue sections were dewaxed in xylene and then 
carried out by decreasing concentrations of alcohols to dis-
tilled water. Tissue sections were then immersed in a 0.3% 
hydrogen peroxide solution for 15 minutes to block endog-
enous peroxidase. Incubation with primary antibodies was 
carried out at 37°C in a humidity chamber for 60 minutes. 
The following primary antibodies were used in the study: 
polyclonal rabbit anti-CD3 (Dako, Glostrup, Denmark) 
diluted 1:300; monoclonal mouse anti-CD79a clone HM57 
(Dako, Glostrup, Denmark) diluted 1:100, and mono-
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clonal mouse anti-topoisomerase IIa clone Ki-S1 (Dako 
Glostrup, Denmark) diluted 1:200. Heat-induced antigen 
retrieval was performed in a specific buffer with proper pH, 
followed by cooling for 20 min at room temperature. For 
immunohistochemical examination, a system for detection 
of antigen-antibody complexes was used based on secondary 
antibodies conjugated with biotin directed against primary 
antibodies (HRP, K0690, Dako, Glostrup, Denmark). The 
enzyme labeling the reaction site was horseradish peroxidase 
conjugated with streptavidin and tetrahydrochloride-3’-3-di-
aminobenzidine (DAB) used as a chromogen (SK-4100, 
Vector Laboratories, Peterborough, UK). Tissue sections 
were counterstained with Mayers’ hematoxylin and covered 
with PERTEX (Histolab). In all immunohistochemical 
reactions, a double-control system was used: a negative 
control in which the incubation with the primary antibody 
was replaced with appropriate IgG sera and a positive 
control in which the incubation was carried out on palatine 
tonsil tissue for CD3 and CD79a and human breast ductal 
carcinoma for TOPIIa with a proven positive reaction with 
the given antibody. Determination of lymphoma immuno-
phenotype was performed by estimating the expression of 
CD3 and CD79a (membrane and cytoplasmic reaction) in 
tissue sections. The histogenesis of lymphomas was defined 
as T-cell lymphomas with dominant CD3 expression and 
B-cell lymphomas with dominant CD79a expression. A com-
puter-assisted microscopic image analysis system was used 
to quantify the expression of TOPIIa. The system included:  
a light microscope (Nikon Eclipse E-600, Nikon Instruments, 
Tokyo, Japan) coupled with a digital camera (Nikon DS-Fi1, 
Nikon Instruments) and a personal computer (PC) with 
image analysis software (NIS-Elements BR-2.20, Laboratory 
Imaging, Praha, Czech Republic). The evaluation of TOPIIα 
expression was performed by two independent pathologists 
based on analysis of at least 500 cells in different fields of 
view at a magnification of 400 ×. According to the scoring 
system proposed by Remmele et al. for estrogen receptors, 
the number of cells with a positive reaction was estimated, 
where 0 = no positive cells, 1 = ≤ 25% positive cells, 2 = 
26–50% positive cells, 3 = 51–75% positive cells, 4 = more 
than 75% positive cells, and the reaction intensity was 
evaluated, where 0 — no reaction, 1 — mild reaction, 2 — 
moderate reaction, 3 — intense reaction [42]. The final result 
was the product of the parameters (percentage of positive 
cells × colored reaction intensity). Based on the obtained 
number of points and the criteria proposed by Hajduk et al. 
the expression intensity of TOPIIa was determined, where 0–1 
meant no expression (–), 2–3 meant weak (+), 4–8 moderate 
(++), and 9–12 strong (+++) expression of TOPIIa [31]. 

Statistical analysis. The obtained results were subjected to sta-
tistical analysis. The levels of TOPIIα expression between B-cell 
and T-cell lymphoma groups and between individual subtypes 
were compared using the Mann-Whitney U test. The minimum 

level of significance was set at P < 0.05. Statistical analysis was 
carried out using STATISTICA v 9.1 (StatSoft, Poland).

Results

The age of dogs ranged from 4 to 14 years (average 
age 7 years). There were 23 female dogs (49%) and 
24 male dogs (51%). The studied population consist-
ed of purebred dogs with 38 individuals (80.85%), 
and among them the most numerous were German 
Shepherds (17%) and boxers (14.9%). Mixed-breed 
dogs constituted 19.15% of the studied population.

On the basis of immunohistochemical examina-
tion 34 (72.34%) B-cell lymphomas and 13 (27.66%) 
T-cell lymphomas were diagnosed (Table 1). The 
following subtypes of lymphoma were recognized: 
diffuse large B-cell lymphoma (DLBCL) in 26 of all 
cases (55.32%), Burkitt-type lymphoma — in 5 of all 
cases (10.63%), marginal zone B-cell lymphoma — in 
3 of all cases (6.38%), peripheral T-cell lymphoma 
not otherwise specified (PTCL) — in 9 of all cases 
(19.15%), nodal T-zone lymphoma (TZL) — in  
2 of all cases (4.26%), and lymphoblastic lymphoma 
(T-LBL) — in 2 of all cases (4.26%).

TOPIIa expression was evident in all cases with  
a diffuse granular nuclear pattern, although the variabi- 
lity in the reaction intensity and the number of positive 
cells were demonstrated (Fig. 1). Higher expression of 
TOPIIa was observed at the periphery of the exam-
ined lymph nodes, and a weaker reaction was obtained 
in the central areas of the lymph nodes. Based on the 
established TOPIIa expression scoring system, in the 
B-cell lymphoma group the most numerous were cases 
with moderate TOPIIa expression (14 cases, 41.18%), 
whereas in the T-cell lymphoma group, weak expres-
sion predominated (6 cases, 46.15%). B-cell lympho-
mas with strong TOPIIa expression included 11 cases 

Table 1. Morphological characterization of canine lymphomas 
in the studied group

Type and subtype of lymphoma No. of cases Percentage (%)

B-cell 34 72.34

Diffuse Large B-cell (DLBCL) 26 55.32

Burkitt-type 5 10.63

Marginal zone 3 6.38

T-cell 13 27.66

T-cell not otherwise specified 9 19.15

Nodal T-zone 2 4.26

Lymphoblastic 2 4.26

Total 47 100.00
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(32.35%), while weak expression was found in 9 cases 
(26.47%). In the T-cell lymphoma group no cases 
with strong TOPIIa expression were found. Concur-
rently, in the B-cell lymphoma group no cases with 
lacking TOPIIa expression were recorded (Table 2).  
In the B-cell lymphoma group statistically higher 
expression of TOPIIa was found compared to the 

T-cell lymphoma group (P = 0.006). In all analyzed 
lymphoma subtypes there were differences in TOPIIa 
expression. The moderate and strong TOPIIa expres-
sion predominated in the most numerous subtype 
of DLBCL (Table 3). In the case of Burkitt-type 
lymphoma, strong or moderate expression was found 
in all cases, in the absence of weak-expression cases. 
In the PTCL group; however, cases with weak and 
moderate TOPIIa expression predominated, as in 
the case of TZL and T-LBL. Unfortunately, too few 
cases in particular subtypes made statistical analysis 
between lymphoma subtypes impossible.

Discussion

In this study conducted on a group of 47 dogs with 
non-Hodgkin’s lymphomas, the majority were B-cell 
lymphomas, whereas T-cell lymphomas were less 
frequent, as confirmed by other literature data [6, 
7, 16, 27, 43]. In the vast majority of cases (45 dogs), 
positive immunohistochemical reaction with varied 
intensity was observed. Only in 2 cases in the studied 
group the TOPIIa expression was lacking. Statistically 

Table 2. TOPIIa expression in the studied groups of canine 
lymphomas

TOPIIa expression B-cell lymphoma 
(No. of cases = 34)

T-cell lymphoma 
(No. of cases = 13)

(–) 0
0.00%

2
15.38%

Weak (+) 9
26.47%

6
46.15%

Moderate (++) 14
41.18%

5
38.46%

Strong (+++) 11
32.35%

0
0.00%

U = 107.0   P = 0.006

Figure 1. Diversity of TOPIIa expression in canine lymph nodes with diffuse large B-cell lymphoma. (A) weak expression 
(score 2–3), (B) moderate expression (score 4–8), (C) strong expression (score 9–12). Immunohistochemistry, anti-TOPIIa, 
clone Ki-S1, Mayer’s hematoxylin counterstain. Bar = 50 µm.

A B C

Table 3. Results of immunochistochemical assessment of TOPIIa in studied subtypes of B-cell and T-cell canine lymphomas

TOPIIa expression B-cell lymphoma T-cell lymphoma

DLBCLa Burkitt-type MZLb PTCLc TZLd T-LBLe

No. of cases 26 5 3 9 2 2

No expression (–) 0
0.00%

0
0.00%

0
0.00%

1
11.11%

1
50.00%

0
0.00%

Weak (+) 7
26.92%

0
0.00%

2
66.67%

4
44.44%

1
50.00%

1
50.00%

Moderate (++) 11
42.31%

2
40.00%

1
33.33%

4
44.44%

0
0.00%

1
50.00%

Strong (+++) 8
30.77%

3
60.00%

0
0.00%

0
0.00%

0
0.00%

0
0.00%

aDLBCL — diffuse large B-cell lymphoma; bMZL — marginal zone B-cell lymphoma; cPTCL — peripheral T-cell lymphoma not otherwise specified; 
dTZL — nodal T-zone lymphoma; eT-LBL — T-cell lymphoblastic lymphoma
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higher TOPIIa expression was demonstrated in the 
B-cell lymphoma group (P = 0.006) in which moder-
ate (41.18%) and strong (32.35%) TOPIIa expression 
predominated, whereas among T-cell lymphomas 
the majority were lymphomas with a weak (46.15%) 
TOPIIa expression. The obtained results may indicate 
a potentially greater chemosensitivity of canine B-cell 
lymphomas to the action of TOPIIa inhibitors. Based 
on the literature data the use of TOPIIa inhibitors in 
dogs with B-cell lymphomas results in a better thera-
peutic effect and a longer-lasting remission compared 
to dogs with T-cell lymphomas. In the study of Beaver 
et al. the use of a single dose of doxorubicin in dogs 
with B-cell lymphoma resulted in a CR in 86% of 
dogs and a PR in 13.8% of dogs, whereas in dogs with 
T-cell lymphoma remission was obtained only in 50% 
of treated animals [27]. Similar dependencies have 
been demonstrated in other studies in which single 
or multi-drug protocols containing TOPIIa inhib-
itors were used [10, 11, 16, 23, 44–48]. In addition, 
differences in the response to different treatment 
protocols were observed in individual dogs with the 
B-cell or T-cell lymphoma. In one study, dogs with 
B-cell lymphoma treated with doxorubicin in com-
bination with L-asparaginase and prednisone 71% 
of animals achieved CR while in 13% PR occurred. 
Remission time ranged from a few days to 414 days, 
and the total survival time ranged from several days 
to 566 days [9]. Study in dogs with T-cell lymphoma 
showed that 88% of dogs treated with the chemo-
therapy protocol consisted of cyclophosphamide, 
doxorubicin hydrochloride (hydroxydaunorubicin), 
vincristine sulfate (Oncovin), and prednisone (CHOP 
protocol) achieved CR, 8% of dogs had PR, and 4% 
of dogs had no response. Remission time ranged 
from 84 to 126 days, and the overall survival time 
varied from 167 to 244 days [11]. Similar differences 
in response to treatment using different protocols 
containing TOPIIa inhibitors in relation to various 
subtypes of B-cell and T-cell lymphomas have been 
demonstrated in other studies [12, 21, 26, 27, 49]. Our 
study revealed that both B-cell and T-cell lymphoma 
group showed differentiated TOPIIa expression. 
Noteworthy is also the fact that a weak expression of 
TOPIIa was found in 26.47% of B-cell lymphomas in 
our study. This study showed that cases of low TOPIIa  
expression and lack of TOPIIa expression were 
observed in specific lymphoma subtypes. In the case 
of DLBCL diagnosed in 26 dogs, the percentage of 
weak-expression cases was 26.92%, and in the case of 
PTCL diagnosed in 9 dogs, nearly half (44.44%) had 
weak expression. This may explain why some dogs with 
B-cell lymphoma do not respond or partially respond 
to TOPIIa inhibitors. It is worth mentioning that cy-

totoxic drugs can cause numerous side effects and in 
extreme cases can lead to the patient’s death [16, 40, 
44, 51]. Unfortunately, despite the use of numerous 
lymphoma classifications, it is currently not possible, 
based solely on histopathological examination and 
the lymphoma immunophenotype, to determine the 
most effective therapy for individual patient. Based 
on the histological malignancy grade and taking into 
account the clinical stage of the disease, the biologi-
cal behavior of the lymphoma can be predicted with 
high probability, and thus the choice of therapeutic 
treatment can be made, while in some cases, the 
therapy may be discontinued. However, the updated 
Kiel classification for lymphomas does not answer 
the question whether the use of a specific cytotoxic 
drug within a selected scheme used for a specific type 
of lymphoma with respect to a particular patient will 
bring satisfactory results [22, 23, 50]. In many cases, 
the use of the same chemotherapy protocol in two 
different patients with the same histological type 
of lymphoma gave different treatment effects, with 
different periods of remission and survival time [9, 
10, 19, 26, 27]. The diversity of TOPIIa expression in 
this study, despite the predominance of moderate to 
strong TOPIIa expression in B-cell lymphoma, does 
not show that the lymphoma immunophenotype and 
histological type are closely related to the level of 
TOPIIa expression. 
There is currently growing interest in the potential 
prognostic value of markers that are the molecular 
target for cytotoxic drugs. One such marker is DNA 
topoisomerase IIa, whose inhibitors are cytotoxic 
drugs from the anthracycline group, including com-
monly used doxorubicin [30, 32]. Doxorubicin is one of 
the drugs included in the CHOP protocol considered 
the most effective treatment protocol in non-Hodg-
kin’s lymphoma in dogs [18, 19, 27]. The second most 
commonly used scheme in the treatment of lymphoma 
is the COP protocol including prednisolone, cyclo-
phosphamide and vincristine. It is assumed that the 
addition of doxorubicin to the treatment protocol 
increases its effectiveness, but this effect is observed 
only in individual dogs [19, 52]. An explanation for 
the observed differences in the effects of implemented 
treatment in clinical trials seems to be the diverse 
TOPIIa expression found in our study, both between 
B-cell and T-cell lymphoma group and their subtypes. 
In addition, the adverse reactions associated with the 
use of doxorubicin are observed. The most common 
is the cardiotoxicity that develops with long-term use 
and chemotherapy-induced myelotoxicity [14, 40, 51, 
53]. The possibility of determining in which patients 
the use of doxorubicin would be beneficial and in 
which its use would not bring satisfactory results 
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seems to be crucial in choosing the optimal treatment 
protocol and minimizing the possibility of side effects. 

Immunohistochemical studies on the predictive 
and prognostic value of TOPIIa expression have 
been conducted in human medicine [33, 36, 41]. 
Special interest among researchers was aroused by 
the expression of TOPIIa in breast cancer in women. 
The reason for this interest is the fact that one of the 
main drugs used in the treatment of breast cancer 
are anthracycline [30, 31]. A variable response was 
observed for its use in the treatment of women with 
the same histological type of breast cancer [31]. Immu-
nohistochemical studies have shown different TOPIIa 
expression in various histological types of breast tum-
ors and in the same histological types of breast cancer 
of different women [35]. Similar observations were 
also made in patients with various types of soft tissue 
sarcomas, testicular, ovarian, lung and gastric cancer 
[54–60]. Despite the widespread use of doxorubicin 
in the treatment of various types of neoplasia (includ-
ing lymphomas) in animals, no preliminary studies 
have yet been conducted in veterinary medicine to 
assess the sensitivity of particular types of neoplasia 
to anthracyclins. There are also no literature reports 
describing TOPIIa expression in various types of ne-
oplasia in dogs. In vitro and in vivo studies performed 
on human neoplastic cell lines showed that cells with 
higher TOPIIa expression exhibit greater sensitivity to 
anthracyclines, whereas cells with lower expression of 
TOPIIa have a significantly lower sensitivity [25, 34]. 
In clinical trials, human patients with breast cancer 
overexpressing TOPIIa showed a better response to 
treatment with anthracyclines than those with low 
TOPIIa expression [30, 31, 35]. In addition, in human 
medicine for the evaluation of the TOPIIa expression 
itself, attempts were made to determine the TOPIIa  
gene amplification and its correlation with the TOPIIa 
expression at the cellular level. Nevertheless, there is no 
unambiguous consensus between TOPIIa gene amplifi-
cation and TOPIIa expression, which may indicate the 
existence of other mechanism than amplification that 
affect TOPIIa overexpression [30]. This may suggest 
that assessing TOPIIa expression in tissues is more 
useful than determining TOPIIa gene amplification.

In the conducted study, a human monoclonal 
antibody was used to assess TOPIIa expression and 
this antibody demonstrated cross-reactivity with a dog 
tissue. The author’s original scoring system was used 
to assess the expression of TOPIIa, in which both 
the number of positive cells and the intensity of the 
reaction were taken into account. Doubts of many au-
thors arouse the lack of a uniform pattern that allows 
objectively evaluate and interpret the expression of 
TOPIIa. The problem is to determine the so-called 

cut-off point where the expression of TOPIIa can be 
assessed as weak, moderate or strong. Most authors in 
human medicine determine the observed correlations 
between the expression of TOPIIa and the response to 
treatment with anthracyclines, without a measurable 
determination of the level of this expression. Hajduk 
et al. investigating the expression of TOPIIa in breast 
cancer cells assumed that the lack of expression is 
when the number of positive cells does not exceed 
5%, weak 6–30%, moderate 31–60%, while strong 
expression is more than 60% of positive cells [31]. 
Pentheroudakis et al. in studies on TOPIIa expres-
sion in diffuse large B-cell lymphomas (DLBCL) 
in human patients, assessed that strong-expressive 
TOPIIa lymphomas are those in which positive cells 
account for more than 80% of all cells, the others (less 
than 80%) are lymphomas with weak expression of 
TOPIIa. In the study group, lymphomas with strong 
TOPIIa expression accounted for as much as 91% of 
all DLBCL [25]. In the study of Hajduk et al. a pos-
itive correlation was observed between the increase 
in TOPIIa expression and the increase in response 
to anthracycline treatment [31]. It is considered un-
reasonable to use anthracycline-based chemotherapy 
with weak TOPIIa expression. This means that the use 
of doxorubicin in dogs with weak TOPIIa expression 
may not bring noticeable therapeutic effects or may 
lead to a significant reduction in the effectiveness 
of therapy with other cytotoxic drugs leading to the 
increased risk of multidrug resistance in cells [1].

This study corresponds to the trend of research on 
prognostic factors in the chemotherapy of dogs with 
lymphoma [17, 61]. This is the first paper describing 
the importance and potential role of determining 
the TOPIIa expression in veterinary oncology. The 
study has been conducted in a small number of cases; 
however, given the mechanism of anti-tumor effects of 
TOPIIa inhibitors, it shows that immunohistochem-
ical determination of TOPIIa expression might be 
helpful in the selection of the optimal treatment regi-
men for non-Hodgkin’s lymphomas in dogs. However, 
further studies are needed to assess the relationship 
between TOPIIa expression and other prognostic fac-
tors, including the histological type, proliferation rate, 
grade and clinical stage of the disease. Clinical trials 
are also necessary to assess the correlation between 
TOPIIa expression and long-term clinical outcomes 
including the survival time and remission rates in 
animal patients treated with different chemotherapy 
protocols containing TOPIIa inhibitors.
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Abstract
Introduction. Cholinergic and adrenergic innervation of the pancreas in chinchilla (Chinchilla Laniger Molina) 
was examined in this study. The pancreas is both an exocrine and endocrine gland with autonomic and sensory 
innervation presented by the numerous nerve fibers and small agglomerations of nerve cells.
Material and methods. Investigations were performed on 16 adult chinchillas of both sexes. The material was 
collected immediately after death of the animals. Histochemical methods: AChE and SPG were used, in addition 
to routine technique of single and double immunohistochemical (IHC) staining using whole mount specimens 
and freezing sections with a thickness of 8 to 12 μm. In the immunofluorescence staining, primary antibodies 
directed against markers used to identify cholinergic — ChAT and VAChT, and adrenergic — DbH and TH 
neurons. Secondary antibodies were coupled to Alexa Fluor 488 and Alexa Fluor 555 fluorophores.
Results. Histochemical studies (AChE) revealed that chinchilla pancreatic cholinergic innervation consisted of 
ganglionic neurocytes and numerous nerve fibers. These structures are located in the parenchyma of the exocrine 
part of the organ in close proximity to blood vessels and are present within the walls of the pancreatic ducts 
and interstitial connective tissue. A delicate fiber network around the Langerhans islets was also observed. The 
most numerous cholinergic structures were found in the head and tail, and the least numbers were found in the 
body of the pancreas. The SPG method revealed that adrenergic fibers form a network in the adventitia of blood 
vessels, and individual fibers run throughout the pancreatic parenchyma. Moreover, adrenergic nerve fibers were 
observed around the ganglionic neurocytes. This innervation was similar in all parts of the investigated organ. 
IHC investigations allowed observations of both the cholinergic and adrenergic activities of autonomic nerve 
structures. Additionally, using ChAT/DbH double staining, colocalization of these substances was observed in 
the fibers of the pancreatic parenchyma that passed through the cholinergic ganglia. Colocalization of VAChT 
and TH was found in nerve fibers of the exocrine part, in the walls of blood vessels, and in individual nerve 
cells. Colocalization of ChAT/DbH and VAChT/TH was observed in the single nerve cells and in the small (2–3 
cell) ganglia. ChAT- and DbH-immunopositive nerve fibers were found in the area of the islets of Langerhans.
Conclusions. The results indicate a more intense cholinergic innervation of the chinchilla’s pancreas, which is 
represented by both ganglia and nerve fibers, while adrenergic structures are mainly represented by fibers and 
only single neurocytes. This arrangement of the investigated structures in this species may imply a major role 
for hormonal control of exocrine secretion in rodents. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 1,  
54–60)

Key words: chinchilla laniger; pancreas; cholinergic innervation; adrenergic innervation; histochemistry; IHC
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Introduction

Corresponding to its important functions, the pancre-
as is extensively innervated by autonomic and afferent 
nerve fibers [1–5]. Nerve fibers reach the pancreas in 
the form of neurovascular stalks that follow the blood 
vessels also within the pancreatic tissue and end or 
begin close to capillary walls and endocrine cells [6].

Parasympathetic preganglionic nerve fibers run-
ning as a component of the vagal nerve reach the 
pancreatic ganglia, and then, as postganglionic fibers, 
these parasympathetic fibers innervate the pancreatic 
acini. The myelinated axons of the preganglionic sym-
pathetic neurons, located in the lateral horn of the 
thoracic and the upper lumbar segments of the spinal 
cord, project to ganglionic cells in the paravertebral 
sympathetic ganglia or to the celiac and mesenteric 
ganglia via the splanchnic nerves and then supply the 
pancreas as postganglionic fibers [7, 8]. 

Autonomic innervation of the pancreas has been 
investigated in numerous vertebrate species, both in 
domestic animals, such as pigeon [9, 10], hen [11], cat 
[12], rabbit [12, 13], sheep [14, 15], pig [16], and the 
representatives of other species, such as the African 
silverbill [9, 10], and mainly rodents, such as rat [12, 
17], mouse [5, 6, 18], or Egyptian spiny mouse [19].

The pancreatic autonomic structures in the in-
vestigated species consist of numerous nerve fibers 
and ganglia, located mainly in the exocrine part of 
the pancreas. Thin bundles of fibers around the islets 
of Langerhans and a few individual fibers between 
endocrine cells have been observed. In many animal 
species including humans [20], cholinergic innervation 
structures seem to be more intensively developed 
than the adrenergic structures  and consist of both 
nerve fibers and an agglomeration of ganglionic cells, 
while the adrenergic fibers mainly form the delicate 
networks [11, 13, 15, 19]. 

Chinchillas were previously reared for their val-
uable fur, but in recent years this animal has more 
frequently served as a model species for research 
into human diseases, especially hearing dysfunction 
in addition to research related to digestive system 
and pneumonia [21]. They are also used as laboratory 
animals for studies of cerebral vascularization [22], 
innervation of the gastrointestinal system [23–25], and 
previously unreported morphology of the extrahepatic 
biliary tract [26].

The aim of this study was to describe cholinergic 
and adrenergic innervation in the chinchilla pancreas 
(Chinchilla Laniger Molina). Histochemical methods 
have often been used in studies of autonomic pan-
creatic innervation. We consider it justified to use 
immunohistochemistry for the study of innervation 

in this rodent, which will undoubtedly allow a more 
detailed analysis of the delicate nerve structures sup-
plying the pancreas. Our results will provide valuable 
macromorphological comparative data for investiga-
tion of pancreatic innervation in different species of 
small mammals.

Material and methods

Investigations were carried out on sixteen adult (10 months) 
individuals of chinchilla (Chinchilla Laniger Molina) both 
sexes. Material was collected immediately after industrial 
slaughter in Chinchillas Fur Farm. These studies were 
approved in accordance with the law of Act of 15 January 
2015: „The protection of animals used for scientific or edu-
cational purpose” (studies on tissues obtained post-mortem 
do not require an approval of the Ethics Committee). Tissue 
were collected from the head, body and tail of pancreas 
and stained by the histochemical and immunohistochem-
ical (IHC) methods. Histochemical investigations were 
performed on pancreases of eight individuals according to 
acetylcholinesterase (AChE) method [19, 27, 28] and SPG 
method [29], and pancreases of eight animals were used for 
routine immunofluorescence staining. 

Histochemical methods

Two types of specimens were prepared: macromor-
phological specimens (whole mount), and frozen 
specimens (Cryomatrix, Thermo Shandon, Waltham, 
MA, USA) and cut for 12 μm sections. Next speci-
mens were stained for cholinergic structures using 
the AChE method. After incubation in the staining 
solution (acetyl thiocholine iodide, acetate buffer, 
sodium citrate, copper sulfate, distilled water, potassi-
um ferricyanide) at 37°C, and pH 6.4–6.8, slides were 
rinsed in distilled water, dehydrated and mounted 
in DPX. Activity of non-specific cholinesterase was 
blocked with iso-OMPA (C12H32N4O3P2 tetraiso-
propylpyrophosphoramide). For the detection of 
adrenergic nerve fibers the sucrose–phosphate–gly-
oxylic acid method was used (SPG solution: sucrose, 
potassium phosphate monobasic and glyoxylic acid 
monohydrate). The unfixed whole mount specimens 
and frozen section were dipped immediately in SPG 
solution for 5 sec, and dried under a strong stream of 
air for 10 min. Subsequently, sections were covered 
with a drop of light mineral oil and heated to 95°C for 
3 min and cover-slipped. The histochemically stained 
specimens were observed using fluorescence micro-
scope Nikon Eclipse 90i (Nikon, Tokyo, Japan) and 
digital pictures were taken with Nikon Digital Sight 
SD-L1 system, and Nis –Elements 3.22 software and 
60 sections were used for the measurement.



56 Malgorzata Radzimirska

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2020
10.5603/FHC.a2020.0005

www.journals.viamedica.pl/folia_histochemica_cytobiologica

Immunohistochemistry

Animals were transcardially perfused with 0.4 l of 4% 
ice-cold buffered paraformaldehyde (pH 7.4) and 
pancreas was collected. The tissues were postfixed by 
immersion in the same fixative for 15 min, rinsed with 
phosphate buffer (pH 7.4; 0.1M), transferred to and 
stored in 30% buffered sucrose solution (pH 7.4) until 
further processing. The pancreas was cut into 8 μm-
thick cryostat sections (Shandon Cryotome E; Thermo 
Scientific). Next, slides and whole mount specimens were 
stained with single and double immunohistochemical 
method. Tissues were incubated for 16–20 h at room 
temperature (RT) with primary antibodies against cho-
line acetyltransferase (ChAT), vesicular acetylcholine 
transporter (VAChT), dopamine b-hydroxylase (DbH), 
and tyrosine hydroxylase (TH) (Table 1). Thereafter, 
slides were incubated with secondary fluorophore (flu-
orochrome)-conjugated antibodies Alexa Fluor 555 
and Alexa Fluor 488 for one hour (Table 2). Finally, 
specimens were coversliped with buffered glycerol and 
analyzed under a Nikon A1R confocal microscope based 
on a Nikon Eclipse Ti inverted microscope (Nikon In-
struments Inc., New York, NY, USA).

Control of specificity of staining was performed by 
preabsorption of a diluted antiserum with 20 µg/ml of 
an appropriate antigen, which abolished the specific 
immunoreactivity completely. In addition, experiments 
were carried out in which the primary antiserum was 
replaced by non-immune serum, or by PBS, in order 
to verify the specificity of particular immunoreactions.

Results

Histochemical investigation using the AChE method 
revealed that cholinergic innervation of the pancreas 

in the chinchilla consisted of numerous ganglia and 
nerve fibers (Fig. 1A–B). These ganglia were differ-
ent in sizes and had oval or elongated shapes. Their 
dimensions ranged from 20.40 to 85.47 (49.77 ± 17.98 
µm, mean ± SD) and 14.22 to 40.87 (28.06 ± 10.59 
µm) micrometers in length and width, respectively. 
A few clearly larger ganglia with about 15 cells in the 
cross-section were seen to have dimensions of up to 
60.07 and 113.64 µm for width and length, respec-
tively. These ganglia were located in the interstitial 
connective tissue, in the parenchyma of the exocrine 
part, and in the immediate vicinity of blood vessels and 
intralobular and interlobular ducts. Additionally, in-
dividual nerve cells were observed in the parenchyma 
of the organ. Both individual fibers and fiber bundles 
of different thickness were found in the parenchyma, 
along the pancreatic ducts, and in the wall of pancre-
atic ducts and along of the blood vessels. The bundles 
of nerve fibers varied from 39.03 to 83.84 µm in thick-
ness. Moreover, a delicate network of nerve fibers was 
visible around the islets of Langerhans and between 
endocrine cells. Most of the cholinergic structures 
were present in the head and tail of the pancreas with 
the least numerous in its body. 

Using the SPG method, it was found that adrener-
gic fibers form a network in the adventitia wall of blood 
vessels (Fig. 1C–D). Additionally, this type of nerve 
fiber with its characteristic varicosities was visible 
around the ganglionic neurocytes and was observed 
as individual fibers in the parenchyma (Fig. 1D).  
The distribution of adrenergic fibers was similar in all 
parts of the pancreas. 

Immunohistochemical investigations confirmed 
the results obtained with AChE and SPG methods. 
ChAT (Fig. 1E–G) and VAChT (Fig. 1H) were found 
as cholinergic markers in the nerve fibers, as well as in 

Table 1. Primary antisera used in the research

Antigen Host Type Dilution Catalog No. Supplier

ChAT Goat Polyclonal 1:100 NBP1-30052 Novus Biologicals

VAChT Rabbit Polyclonal 1:1000 EUD261 Acris Antibodies 

DbH Rabbit Polyclonal 1:500 NBP1-78349 Novus Biologicals

TH Mouse Monoclonal 1:500 MAB318 Millipore

Table 2. Secondary antisera used in the research

Host Fluorophore Dilution Catalog No. Supplier

Donkey anti-rabbit Alexa Fluor 488 1:500 A21206 Invitrogen

Donkey anti-goat Alexa Fluor 555 1:500 A21432 Invitrogen

Donkey anti-mouse Alexa Fluor 555 1:500 A31570 Invitrogen
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Figure 1. A. The cholinergic ganglia and nerve fibers in the parenchyma of the head of chinchilla’s pancreas. The histochemical 
staining demonstrating AChE activity was performed as described in methods. Whole mount specimens; B. The cholinergic 
ganglia and nerve fibers in the parenchyma of the tail of pancreas. AChE, frozen section; C. The network of the adrenergic 
fibers in the blood vessels in the parenchyma of the head of pancreas (SPG, whole mount specimens); D. The adrenergic 
fibers in the blood vessels, in the parenchyma, and between cells in the ganglion of the corpus of pancreas (SPG, frozen 
section); E. The cholinergic and adrenergic nerve fibers in parenchyma, in the wall of blood vessels of the head of pancreas 
(ChAT — red, DbH — green, colocalization — gold/yellow, frozen section); F. The cholinergic ganglion in parenchyma 
and network of the adrenergic fibers in the wall of blood vessel of the head pancreas (ChAT — red, DbH — green, colocal-
ization — gold/yellow, whole mount specimens); G. The cholinergic and adrenergic nerve fibers on the islet of Langerhans 
of the corpus of pancreas (ChAT — red, DbH — green, colocalization — gold/yellow, frozen section); H. The cholinergic 
and adrenergic nerve fibers in parenchyma, and in the wall of blood vessel of the tail in pancreas (VAChT — green, TH — 
red, colocalization — gold/yellow, whole mount specimens). Abbreviations: bv — blood vessel; g — ganglion; iL — islet of 
Langerhans; n — neurocytes; nf — nerve fibers; sd — secretory duct
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the ganglionic neurocytes. They were located in the 
parenchyma of the exocrine part, around and in the wall 
of blood vessels, in the interlobular connective tissue, 
and in close vicinity to the pancreatic ducts. Moreover, 
delicate VAChT-immunoreactive (-Ir) nerve fibers 
were observed on the periphery of the pancreatic islets. 
DbH-positive and TH-positive nerve fibers between 
pancreatic parenchyma acini and in the wall of blood 
vessels were visible (Fig. 1E–H). The walls of the blood 
vessels were dominated by DbH-positive fibers that 
formed a distinct network (Fig. 1F). Immunoreactive 
ChAT and DbH fibers were found in the area of the 
Langerhans islets (Fig. 1G). Double labeling with ChAT/ 
/DbH revealed colocalization of these markers in the 
parenchymal fibers and in the fibers passing through the 
cholinergic ganglia (Fig. 1E–F). Individual nerve cells 
and very small ganglia consisting of 2 to 3 cells were also 
immunoreactive for both ChAT and DbH. Colocaliza-
tion of VAChT and TH was found in the nerve fibers 
of the exocrine part, in the blood vessel walls, and in 
individual nerve cells (Fig. 1H). The activity of ChAT 
and VAChT was observed mainly in pancreas head and 
tail, and DbH+ and TH-positive structures were evenly 
distributed in each part of the investigated organ.

No sex-related differences were observed in the 
innervation of chinchilla’s pancreas.

Discussion

According to various classical investigations, in-
trapancreatic nerve fibers generally form some 
plexuses: peri-ductal, peri-vascular, peri-acinar, and 
peri-insular. Similar, but not identical, distribution of 
the pancreatic innervation was observed in different 
groups of vertebrates. 

In cold-blood animals, cholinergic innervation of 
the pancreas has been observed in a few amphibian 
and reptile species. In amphibians, AChE-positive 
nerve fibers have been found in the pancreatic pa-
renchyma running along the blood vessels and in the 
interlobular connective tissue, but only a few reach 
the pancreatic acini and islets of Langerhans. The 
cholinergic fibers formed a delicate network as the in-
tra- and peri-insular plexuses in frogs [9]. Cholinergic 
innervation of the exocrine part of the pancreas has 
been observed in lizards in which nerve fibers were 
found in the wall of blood vessels and pancreatic duct 
and wrapped pancreatic acini. In snakes, the density of 
cholinergic innervation of the pancreas is low and has 
mainly been observed in the interlobular connective 
tissue, along the blood vessels, and rarely between 
the acinar cells. In reptiles, sporadic cholinergic fib-
ers have been found in the islets of Langerhans [9]. 
Compared to the studied species, which had numerous 

fibers and ganglionic cells within the exocrine part of 
the pancreas, only AChE-positive nerve fibers were 
found in amphibians and reptiles. In general, cholin-
ergic innervation in lower vertebrates is definitely less 
developed compared to higher vertebrates. Results 
of the investigations on the adrenergic innervation of 
pancreas in amphibian and reptiles are not accessible 
in scientific databases [30].

A review of the literature indicates that cholinergic 
structures of birds and mammals consist of numerous 
nerve fibers and ganglia while the adrenergic innerva-
tion consists mainly of nerve fibers as found in most 
investigated species. Investigations carried out in hen 
revealed that cholinergic and adrenergic nerve fibers 
and bundles of differing thickness supply the pancreas 
along with blood vessels that form the perivascular 
plexus [11]. Some of these accompany the pancreatic 
ducts. Moreover, numerous cholinergic fibers have 
been observed under the connective tissue capsule 
of the pancreas. Both types of nerve fiber accompany 
the interlobar and interlobular arteries as the perivas-
cular plexuses run in the connective tissue, and their 
numerous branches reached the pancreatic acini and 
islets. Individual ChAT- and TH-positive neurocytes 
were found in the pancreatic parenchyma [11].

Similar results regarding pancreatic cholinergic 
innervation were reported in the investigation of other 
species of birds, such as the domestic pigeon and Afri-
can silverbill [9, 10]. The nerve fibers observed in the 
parenchyma form a perivascular plexus that supplies 
the exocrine parts of the pancreas. Moreover, small 
agglomerations of neurocytes were found mainly on 
the gland surface and in its immediate vicinity with 
less inside the gland. Only individual neurons were 
observed near the blood vessels, nerve fibers, and 
pancreatic ducts. Islet innervation is relatively weak, 
which suggests the presence of delicate fibers that 
wrap themselves around the periphery [10]. 

Cholinergic innervation of the chinchilla pan-
creas is better developed compared to investigated 
bird species. Agglomerations of neurocytes in this 
species form several-cell ganglia and are distributed 
throughout the entire organ. In contrast, adrenergic 
structures, as in birds, are single neurocytes and nu-
merous nerve fibers.

Investigations involving rat, cat and rabbit have 
shown cholinergic fibers running in the interlobular 
connective tissue forming perivascular plexuses, the 
branches of which reach the pancreatic parenchyma. 
Numerous delicate nerve fibers were dispersed among 
the pancreatic acini forming peri-acinar and -insular 
plexuses that supply the islets of Langerhans [12]. Ad-
ditionally, investigations conducted in rabbit revealed 
the presence of AChE-positive ganglionic cells except 
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cholinergic nerve fibers. Individual neurocytes and 
small ganglia were visible in the interlobular connec-
tive tissue. Characteristic DbH-positive networks were 
seen in the wall of the blood vessels, and individual 
fibers were observed around neurons [13].

The examination of adrenergic innervation in rat 
has revealed small TH-immunoreactive nerve cells in 
close contact with large TH-immuno-negative gangli-
onic neurocytes in the exocrine part of the pancreas 
and occasionally in the islets. Some of these TH- im-
munoreactive cells were also DbH-immuno-positive. 
All intrapancreatic ganglion cells were immunoreac-
tive for DbH but not for TH. TH-immunoreactive 
nerve fibers were found in both the exocrine and 
endocrine parts of the pancreas [17]. 

Investigations performed on the mouse pancreas 
revealed thick AChE-positive nerve fibers in the 
interlobular connective tissue in which they formed 
perivascular plexuses. At the end of the vascular 
segment, fibers left vessels and formed a loosely or-
ganized network between the acini, which also sent 
off delicate branches toward the islets of Langerhans 
[6]. Moreover, immunohistochemical staining showed 
TH-positive nerve fibers in the exocrine part forming 
delicate network around blood vessels and adren-
ergic nerve fibers in the area of Langerhans islets 
[5]. Similar distribution of the cholinergic fibers was 
found in the pancreas of the Egyptian spiny mouse in 
which fibers along the pancreatic ducts and branches 
of pancreaticoduodenal arteries reached the Langer-
hans islets. AChE-positive ganglia were observed 
throughout the exocrine part and fine adrenergic 
fibers accompanied the blood vessels [19].

Studies of sheep pancreas revealed a moderate 
number of VAChT-positive nerve endings among the 
pancreatic acini, while only a few cholinergic fibers 
were found in the interlobular connective tissue. 
Similarly, a small number of VAChT-immunoreactive 
fibers supplied the endocrine part of the pancreas. 
VAChT and TH were shown to be colocalized in dis-
tinct populations of nerve fibers among the acini. TH 
was present in the vast majority of VAChT-positive 
intrapancreatic perikarya [14]. Studies of adrenergic 
pancreatic innervation in sheep revealed that most 
DbH-positive nerve fibers occur in the parenchyma 
between the acini, around blood vessels, and in the 
connective tissue, but only a small amount of adren-
ergic intrapancreatic neurons were found. Moreover, 
delicate DbH-immunoreactive nerve fibers were seen 
around the islets of Langerhans, of which only a few 
penetrated between DbH-negative endocrine cells [15].

Investigations of the pancreas of sow showed cho-
linergic structures as perivascular plexuses, inter-lob-
ular nerve fibers, peri-lobular and -insular plexuses 

throughout the organ and as individual cholinergic 
neurons in the parenchyma [16]. 

Studies of the pancreas of newborn guinea pig 
revealed ChAT-immunoreactive ganglia in the in-
terlobular connective tissue, between the acini, and 
in close proximity to the islets of Langerhans, blood 
vessels, and pancreatic ducts. Moreover, double stain-
ing showed the presence of ChAT and TH in the same 
ganglionic cells. ChAT-immunopositive nerve fibers 
were distributed as thick bundles running adjacent 
to blood vessels in the interlobular connective tissue, 
fine fibers in the adventitia of blood vessels, individual 
fiber bundles running between the acini throughout 
the whole organ or occasionally as small bundles near 
the periphery of the islets of Langerhans [31]. 

Similar results were obtained for pancreatic inner-
vation in the Dromedary camel. Cholinergic fibers 
were observed in the parenchyma, around the pan-
creatic acini forming peri-acinar, -ductal, and -insular 
plexuses. Nerve cells were sporadically noted in close 
proximity or within islands. Adrenergic nerve fibers 
with characteristic varicosities were also observed 
to accompany blood vessels and interlobular ducts. 
Delicate adrenergic fiber ends were found in close 
proximity to the islets [32].

The results of our investigations on the autonomic 
innervation of chinchilla’s pancreas indicate similar 
findings as seen in laboratory rodents, including the 
presence of distinctive nerve plexuses surrounding 
blood vessels and pancreatic ducts and acini. Forming 
the ganglia, agglomerations of the neurocytes mainly 
had cholinergic properties, whereas the adrenergic 
structures consisted of only fine nerve fibers and 
individual neurocytes. Moreover, our investigation 
indicates that the nerve plexuses in the chinchilla’s 
pancreas are distinctly dense around the blood  
vessels but are loosely organized around pancreatic 
ducts and acini. This type of distribution of the pan-
creatic innervation in the studied species indicates  
a clear domination of cholinergic over adrenergic 
structures.
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