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MPP1-based mechanism of resting state raft  
organization in the plasma membrane. Is it a general 
or specialized mechanism in erythroid cells?

Magdalena Trybus, Lukasz Niemiec, Agnieszka Biernatowska,  
Anita Hryniewicz-Jankowska, Aleksander F. Sikorski

Department of Cytobiochemistry, Faculty of Biotechnology, University of Wroclaw

Abstract
Biological membranes are organized in various microdomains, one of the best known being called membrane 
rafts. The major function of these is thought to organize signaling partners into functional complexes. An im-
portant protein found in membrane raft microdomains of erythroid and other blood cells is MPP1 (membrane 
palmitoylated protein 1)/p55. MPP1 (p55) belongs to the MAGUK (membrane-associated guanylate kinase 
homolog) family and it is a major target of palmitoylation in the red blood cells (RBCs) membrane. The well-
known function of this protein is to participate in formation of the junctional complex of the erythrocyte mem-
brane skeleton. However, its function as a “raft organizer” is not well understood. In this review we focus on 
recent reports concerning MPP1 participation in membrane rafts organization in erythroid cells, including its 
role in signal transduction. Currently it is not known whether MPP1 could have a similar role in cell types other 
than erythroid lineage. We present also preliminary data regarding the expression level of MPP1 gene in several 
non-erythroid cell lines. (Folia Histochemica et Cytobiologica 2019, Vol. 57, No. 2, 43–55)

Key words: membrane palmitoylated protein 1 (MPP1); resting state rafts; lateral membrane organization; 
raft-associated proteins 

Introduction

The red cell membrane comprises a lipid bilayer 
with integral membrane proteins embedded in it and  
a membrane skeleton. During its 120 days life in the 
circulation the red blood cell undergoes cyclic me-
chanical shear and deforming stresses in the blood 
stream, in particular during passages through capillary 
vessels, which often are four times smaller in diam-
eter than the larger diameter of the erythrocyte. As 
the lipid bilayer is essentially devoid of extensibility 
and mechanical resistance (but characterized by high 
linear elasticity), which results in rapid vesiculation 
under even mild shear stress, an essential role in 

maintaining erythrocyte membrane mechanical 
properties plays membrane skeleton, whose structure 
and function have been a subject of many studies and 
reviews [1–3]. The erythrocyte membrane bilayer is 
not homogeneous; it is characterized by relatively 
high cholesterol content (> 20% lipids by weight) and  
a set of lipids including sphingolipids (sphingomyelin 
(SM) and glycolipids) which participate in the gener-
ation of membrane lateral heterogeneity by forming 
domains among which lipid or membrane rafts have 
been attracting the attention of many laboratories. 
Literature up to 2014 was surveyed in the previous 
review [4]. The question remains whether membrane 
rafts are functional or just remnants of the early stages 
of nucleated cells. Despite several years of research, 
there is no great progress towards answering this 
question. For example, as was mentioned previously 
[4] there have been several raft-dependent signaling 
pathways found in red blood cells, e.g. Gsa-protein 
coupled b-adrenergic receptors cAMP-kinase A lead-
ing to the phosphorylation of adducin [5, 6]. Still the 
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erythrocyte membrane remains an interesting object 
of the study of lateral membrane organization and its 
function. An example of interesting studies concerns 
binding of amyloid beta by erythrocyte membrane 
and its connection with Alzheimer’s disease. A fluo-
rescence correlation spectroscopy (FCS)-based study 
[7] revealed that fluorescently labeled amyloid peptide 
(Ab1-42) localizes to erythrocyte membrane nanodo-
mains which were suggested to be caveolin-rich.

Due to its relative simplicity, erythrocyte mem-
brane still remains a very attractive object to study 
lateral membrane heterogeneity, i.e. organization of 
nanodomains. Despite long-term studies we still do 
not know the molecular mechanisms of how they are 
organized or even an apparently simpler question, 
i.e. whether we are dealing with single or multiple 
kinds of domains in this simple membrane. This 
issue was addressed by Leonard et al. [8], who via 
Laurdan-general polarization (GP) studies detected 
separate nanodomains enriched in SM present in the 
red blood cell membrane regions of low curvature and 
cholesterol enriched in the regions of high curvature. 
Our studies described below focused on one possible 
mechanism of lateral membrane organization regu-
lation in which peripheral membrane palmitoylated 
protein 1 (MPP1) was found to play a crucial role, so 
the considerations presented below concern presenta-
tion of the model of this mechanism and address the 
question of how specific the presented mechanism is, 
and whether it operates only in blood/erythroid cells 
or is common in mammals.

Membrane raft concept

Spatiotemporal organization of biological membranes 
is characterized by dynamic lateral heterogeneity, as 
proven by many biophysical and biochemical observa-
tions. One of the best known and most acknowledged 
forms of this heterogeneity is the existence of lateral 
subcompartments, called membrane rafts (lipid rafts) 
— a concept formulated by Simons and Ikonen in 
1997 [9] which has been the subject of detailed current 
reviews [10–12].

The basic assemblies, which for clarity in this 
text will be called resting state rafts, are domains 
which are highly dynamic (t1/2 ~ 1 s and ~20 nm 
in diameter), formed by lo phase lipid and a set of 
characteristic proteins some of which are permanent 
residents of these domains (e.g. stomatin and flo-
tillins) while other are temporarily associated with 
these domains (e.g. growth factor receptors, H-Ras 
protein, GPI-anchored proteins), which is connected 
with their activation or resting state. The lipid com-
ponent of vertebrate cell membrane rafts, enriched 

in sphingolipids and cholesterol together with other 
membrane phospholipids which contain long-chain, 
mostly saturated alkyl residues, is in the so-called 
liquid ordered phase. Although the molecular basis of 
lateral phase separation in model membranes seems 
relatively well understood, available data concerning 
biological mechanism(s) controlling Ld (liquid dis-
ordered) — (liquid ordered) phase separation and 
formation of rafts in natural membranes are rather 
scarce and permit only general hypotheses. Lateral 
interactions of cholesterol with membrane raft-spe-
cific lipids seem to be crucial for maintaining these 
microdomains in the ‘lo’, liquid-ordered state, which 
is characterized by decreased conformational (trans-
gauche) freedom and, consequently, reduced “fluidi-
ty”, compared to the bulk, containing less cholesterol, 
membrane, which exists in the ‘ld’ (liquid disordered) 
state. However, unlike the gel phase in artificial lipid 
systems they are characterized by similar (within the 
same range) lateral (translational) mobility to the lo 
membrane phase, as was measured by FRAP tech-
nique on plasma membranes [13–15].

The detergent-resistant membrane (DRM) frac-
tion is defined as a low-density, insoluble in cold no-
nionic detergent solution membrane fraction floating 
at 5/30% sucrose step gradient. It was suggested to 
be useful in assigning potential raft association when 
changes in the composition are induced by physiolog-
ically meaningful events. However, it is possible that 
DRMs may represent an artificial coalescence of raft 
proteins and lipids into a residue that does not exist 
in living cells. Therefore, although there is no simple 
relationship between DRM and membrane rafts, 
DRM isolation and characterization is still considered 
a useful tool, providing some insight into their lateral 
organization [16, 17].

The molecular basis of Chol:SM complex forma-
tion is the hydrogen bond between the amide group 
of sphingolipid and the hydroxyl group of cholesterol 
and also the interaction of cholesterol with saturated 
alkyl chains. Cholesterol is thought to interact with 
saturated long alkyl chains of other phospholipids. It 
should be noted that data on lipidomics of the DRMs 
reveal that, in addition to the abundance of sphingo-
lipids (mostly sphingomyelin), cholesterol and gly-
colipids, they contain other phospholipids, including 
some species of PE and PS that mostly contain fully 
saturated or monounsaturated acyl chains. Predomi-
nant among these are the phosphatidylethanolamine 
glycerophospholipids and plasmalogens [18]. Phos-
phatidylserine, which is a relatively minor membrane 
component, is three times more prevalent in the DRM 
than in the bulk volume of the plasma membrane, 
while phosphatidylinositols are rather diminished 
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within the DRM, as are phosphatidylcholine species. 
PEs occur in the membrane predominantly as sn-1 
saturated, sn-2 unsaturated glycerophospholipids, 
and experimental data show that some DRM prepa-
rations are enriched in 1-stearoyl-2-linoleoyl-sn-glyce-
ro-3-phosphoethanolamine (SLPE), regardless of the 
method of isolation [18]. Our own data indicate that 
this PE interacts with cholesterol comparably to SM, 
while dipalmitoyl-PE does not bind cholesterol [19]. 
This suggests the importance of the structure of acyl 
chains of particular phospholipids (not all of which 
are saturated) and also explains the background of 
the mechanism by which inner-layer phospholipids 
participate in membrane rafts.

Membrane rafts contain several specific sets of 
membrane proteins [20], which include membrane 
proteins belonging to the SPFH family (stomatin/ 
/prohibitin/flotillin/HflK), such as raft scaffold pro-
teins flotillin-1 and -2, and stomatin or stomatin-like 
protein. These proteins share a common feature in 
that they associate with raft domains, possibly through 
cholesterol binding or oligomerization [21]. Apart 
from these proteins, and other palmitoylated and 
transmembrane proteins, membrane rafts also include 
GPI-anchored proteins and integral and peripheral 
proteins involved in signal transduction.

Many of the raft proteins are modified with 
saturated acyl (palmitoyl) chains, or with cholester-
ol, which is thought to facilitate interactions with 
lo-domains [22]. The mechanism(s) by which the 
proteins partition into membrane rafts may involve 
preferred solubility in the ordered domains and/or 
chemical affinity for raft lipids, as exemplified by the 
above-mentioned cholesterol-binding properties of 
some of the proteins [23]. Other examples include  
a structural protein motif recognizing sphingolipids 
or specific glycolipids such as ganglioside [24].

It has long been known that rafts are engaged 
in cellular signal transmission pathways by hosting 
a number of receptors and their associated adapter 
proteins, and also facilitate signaling switches during 
activation of the respective pathways. These proteins 
include receptor tyrosine kinases (EGF-R, IGF-1 
receptor), non-receptor kinases (e.g. src kinases: Src, 
Lck, Hck, Fyn, Blk, Lyn, Fgr, Yes, and Yrk [25]), 
serpentine (G-protein-linked seven transmembrane 
domain) receptors [26], sigma receptors [27] and the 
growth factor receptor c-kit, as well as heterotrimeric 
and monomeric G-proteins and other adaptor pro-
teins. Also endothelial nitric oxide synthase, hedgehog 
protein and pro- or anti-apoptotic signaling elements 
have been found in raft domains, as was reviewed 
[28]. Of particular interest are the potential roles of 
membrane rafts as signaling platforms in neoplasia 

[29] and their possible use as targets for anticancer 
drugs [28].

The catalogue of physiological functions of rafts 
involves several important biological processes, and 
some of them have been shortly described below. 
1.	 Immune signaling involving several innate and 

adaptive immune responses. These processes have 
been studied for more than 20 years, beginning 
with the discovery of involvement of rafts in IgE 
signaling [30]. Many components of the immune 
reactions such as FceR1, T cell receptor and B cell 
receptor move from non-raft (detergent sensitive 
membrane) to the raft (DRM) upon activation. 
The DRM fraction was also found to be enriched 
in signal transduction machinery which includes 
LCK and FYN kinases and LAT protein and also 
GPI anchored proteins such as CD14 or THY1 
(CD90) [31]. Formation of the so-called immune 
synapse is considered an example of a “raft sig-
naling platform”, a relatively stable structure in 
diameter in the micrometer range.

2.	 Host-pathogen interactions. For example, the raft 
domain is suggested to be a site for HIV budding, 
binding [32] and stabilization of rafts by cholera 
toxin (Ctx) and Shiga toxin (Stx) [33, 34]. Also 
VacA, a vacuolating toxin of H. pylori, predomi-
nantly associates with the raft phase; however, this 
binding was found to be independent of oligom-
erization and pore-forming activity [10, 35]. For 
example, an interesting observation was published 
recently indicating that H. pylori expression of the 
cgt gene encoding cholesterol-a-glucosyltransfer-
ase reduces cholesterol levels in infected gastric 
epithelial cells, which disrupts membrane rafts, 
blocking in turn IFNg signaling, allowing bacteria 
to escape the host inflammatory response [36].

3.	 In cancer cells, as mentioned above, a considerable 
number of receptors and adapter proteins involved 
in signaling pathways engaged in proliferation 
were found in the DRM fraction, suggesting the 
crucial role of these structures for signaling of 
these aberrant cells’ development. The literature 
reviewing various aspects of this subject is particu-
larly rich [27–29]. Some of the signaling pathways 
and processes could become a target for cancer 
treatment by using raft domain disrupting agents, 
as was reviewed previously [28].

4.	 Involvement in other pathologies. In atheroscle-
rosis, transition of macrophages into foam cells 
following uptake of ox-LDL is raft dependent as 
ox-LDL receptors localize to raft domains [37, 
38]. Other data [39] suggest that lipid-free apoA-I 
mediates beneficial effects through attenuation of 
immune cell membrane raft cholesterol content, 

,
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which affects numerous types of signal transduc-
tion pathways that rely on microdomain integrity 
for assembly and activation. On the other hand, 
it was found [40] that 7-dehydrocholesterol, but 
not cholesterol or other sterols, promotes lipid 
raft/caveolae formation, leading to suppression 
of canonical TGF-b signaling and atherogenesis.
An important and mostly unresolved question 

is how the raft domains are organized. In a sense, 
it predominantly concerns domains corresponding 
to “resting state rafts” defined by Hancock [41], i.e. 
functional, more stable domains, > 20 nm in diam-
eter. The model proposed by Hancock assumes that 
in cell membranes the smallest nanocomplexes of the 
so-called membrane rafts precursors, which are built 
of several protein molecules and lipids, are unstable 
structures and they disintegrate in milliseconds, 
but when they are connected in larger structures of 
approximately 20 nm, they become more stable and 
functional microdomains and so-called ‘resting rafts” 
[42]. These microdomains can be further associated in 
structures through protein-protein [43] and protein-li-
pid interactions with a diameter larger than 100 nm,  
called signaling platforms. In their stabilization, 
the membrane or cell skeleton is involved. Recent 
hypotheses concerning membrane raft organization/ 
/regulation presented in several reviews [10, 41, 44, 
45] include: 
1.	 Lipid–lipid interactions, which include preferential 

cholesterol binding with sphingolipids [46] and 
possibly other lipids such as gangliosides [47] or 
saturated/di- or more unsaturated amino phos-
pholipids [19];

2.	 Lipid–protein interactions, such as proteins mod-
ified by cholesterol [48], e.g. PSD95 [49], MPP1 
[4] discussed herein, or by sphingolipid-binding 
[50] motifs. There are even suggestions that 
proteins which are secreted from the cells bind-
ing a2-3-sialyllactose common in the glycans of 
monosialogangliosides regulate lateral membrane 
organization. According to Dalton et al. [51], sol-
uble klotho binding of gangliosides reduces the 
propensity of membrane to form large ordered 
domains for endocytosis, which downregulates 
PI3K signaling.

3.	 We should add protein-protein interactions, an 
example of which is MPP1-flotillins and/or pos-
sibly other raft residing proteins such as ABCC4 
reported recently by Pitre et al. [52];

4.	 Hydrophobic match or mismatch; it is hypothet-
ically possible that integral proteins of longer 
transmembrane domain (TMD) would segregate 
into lipid domains containing longer fatty acid 
chains. A solidifying effect of transmembrane 

peptides of longer TMD and a liquifying effect of 
shorter TMD peptides were reported previously 
by Killian et al. [53];

5.	 Actin-skeleton-driven mechanisms. Cortical ac-
tin skeleton is widely considered to affect lateral 
membrane organization since it has been shown 
to affect molecular diffusion (hop and trapped 
diffusion) and supramolecular arrangements in 
the membrane [54, 55]. Stabilization of nanome-
ter sized domains by an actin filament meshwork 
was suggested by several groups [56, 57]. Also an 
interesting approach is a technique of giant plas-
ma membrane vesicles (GPMVs) which provides  
a model of membrane devoid of membrane/or cor-
tical actin skeleton. This membrane shows phase 
separation at the micrometer scale [58–60]. Also 
in the case of erythroid cells liquid-liquid phase 
separation in the plasma membrane devoid of 
spectrin-actin skeleton either via extraction with 
alkaline solution or treatment with latrunculin 
takes place [61], which somewhat contradicts the 
statements presented at the beginning of this par-
agraph. Certainly, keeping the raft domain small 
(~20 nm) in most of the resting state cells may be 
connected with the presence of membrane/cortical 
actin skeleton, which might be in agreement with 
the picket-fence model.
In general, involvement of single or multiple 

protein-protein and or protein-lipid interactions in 
the organization and regulation of membrane rafts 
would imply the possibility of regulation at the cellular 
and/or tissue level. Knowledge of such interactions 
and their regulation may lead to understanding the 
molecular mechanism of raft domain organization 
and regulation and, moreover, may provide ways 
for manipulation of such processes which would be 
useful in therapeutic approaches. At this moment, the 
number of possible proteins engaged in the process 
of raft domain organization is limited and in the Pu-
bMed database we can find only about 6–7 proteins/ 
/genes which are suspected to be involved in “flat” 
(non-caveolae) raft domain organization. These are 
flotillin-1 and -2, annexin A2, C-type lectin domain 
family 2 member (Clec2i), epithelial membrane pro-
tein-2 (Emp2), Pacsin2 (protein kinase C and casein 
kinase substrate in neurons 2), raftlin (Rftn1) and 
calpactin (S100a10). 

Membrane palmitoylated protein 1 

Our previous studies [61] on red blood cell rafts led 
us to the hypothesis that MPP1 and its palmitoyla-
tion play a crucial role in lateral membrane organ-
ization in erythroid cells. Membrane palmitoylated 
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protein 1 (MPP1/p55) encoded by the MPP1 gene 
belongs to the MAGUK family (membrane asso-
ciated guanylate kinase homologs) [62, 63]. MPP1 
(p55), a MAGUK family member, was first cloned 
by Ruff et al. [64] and identified as a major target 
of palmitoylation in red blood cell membrane. It 
partially fulfills the criteria for scaffolding protein, 
in that it contains several functional domains which 
are potentially responsible for simultaneous binding 
of regulatory and skeletal proteins and is, therefore, 
an important protein of the membrane skeleton ter-
nary complex (for review see Machnicka et al. [1]). 
MPP1 shares single GUK, SH3 and PDZ domains 
and contains a D5/Hook/I3 domain which is respon-
sible for protein 4.1R binding (Fig. 1) [65]. MPP1 
has the ability to stabilize mechanical properties 
of red blood cell membrane by the formation of a 
tripartite complex with protein 4.1 and glycophorin 
C linking the spectrin-based membrane skeleton to 
the membrane bilayer, which is the best known role 
of MPP1. In this role, the PDZ domain of MPP1 
interacts with the cytoplasmic domain of glyco-
phorin C, while the central region (D5- domain) is 
responsible for interaction with protein 4.1R [65, 
66]. This interaction markedly strengthens protein 
4.1-glycophorin C binding [67].

MPP1 is involved in resting state raft  
formation in erythroid cells

The functional role of MPP1 palmitoylation is cur-
rently not well understood but it is believed that 
MPP1 palmitoylation is a crucial event involved in 
raft formation, which might be linked to pathology [4, 
28, 61]. Studies performed on erythroid precursor cell 
line HEL cells revealed that following inhibition of 
palmitoylation by treatment with the potent protein 
acetyltransferase (PAT) inhibitor 2-BrP (2-bromo 
palmitate), the amount of DRM fraction was mark-
edly decreased. When a stable HEL cell-line with 
silenced expression of the MPP1 gene was used for 
experiments, the same effect was observed. Moreover, 

fluorescence lifetime imaging microscopy (FLIM) 
experiments using di-4 probe performed on normal 
and 2-BrP-treated HEL cells and HEL cells with 
stably silenced MPP1 expression demonstrated a sig-
nificant decrease in membrane order upon inhibition 
of palmitoylation, or a decrease in cellular MPP1 level 
[61, 68]. The key role of MPP1 protein in the lateral 
membrane organization has also been demonstrated 
in model systems which are GPMV vesicles derived 
from living cells. As a model GPMVs were used, ob-
tained from HEL cells (control and MPP1 KnD) [68]. 
Numerous studies indicate that the biochemical com-
position of GPMVs to a significant degree represents 
their original membranes [58, 69] and also reflects 
the native membrane structure. The results from the 
research on giant plasma membrane, performed by 
using several advanced microscopic methods using 
order-sensing probes, such as C-Laurdan and di-4, 
showed that, in erythroid cell-membrane derived 
vesicles, MPP1 plays an important role in maintaining 
proper order of the membrane [68]. Moreover, the 
presence of this protein stabilizes the liquid-ordered 
phase, as observed in the higher miscibility transition 
temperature of separated vesicles. 

In conclusion, changes in membrane fluidity are 
caused by MPP1, in the absence of major changes in 
membrane lipid composition, as the fluidity of pure 
lipids extracted from GPMV membranes remained 
unchanged and MPP1 recovery in KnD cells leads to 
the re-establishment of plasma membrane organiza-
tion [68]. Furthermore, MPP1 knockdown significant-
ly affects the activation of MAP-kinase signaling via 
raft-dependent tyrosine kinase receptors, indicating 
the importance of MPP1 for lateral membrane organ-
ization [61]. Further studies showed that, in HEL cells 
with MPP1 knock-down, the changes in the plasma 
membrane led to the disruption of signaling cascades 
from the activated insulin receptor. The signal inhibi-
tion occurs at the level of H-Ras, as we did not observe 
GDP-to-GTP exchange upon insulin treatment [70]. 
FLIM-FRET microscopy studies revealed impaired 
interaction of H-Ras with its effector molecule, Raf, in 
insulin-treated MPP1-knockdowned cells, confirmed 
by changes in H-Ras lateral diffusion revealed by 
FRET analysis (Fig. 2). Moreover, in these cells its 
lateral mobility was not sensitive to insulin treatment. 
Taken together, our data suggest a relationship be-
tween MPP1-dependent plasma-membrane organi-
zation and H-Ras activation [70]. 

MPP1 interacts with different proteins 

As mentioned above, MPP1 forms a tripartite complex 
with the 4.1R protein and glycophorin C [71, 72]. Pro-

Figure 1. Domain structure of the membrane palmitoylated 
protein 1 (MPP1). PDZ — postsynaptic density-95 /discs 
large/zonula occludens-1 domain; SH3 — src Homology  
3 Domain; D5 — domain contains the binding site for the 
FERM domain of protein 4.1R; GUK — catalytically inactive 
guanylate kinase (GuK) domain. Based on data presented 
in [61, 66]. 
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tein 4.1 of red blood cells (4.1R) is a multifunctional 
protein that is localized in the membrane skeleton 
and stabilizes erythrocyte shape and membrane 
mechanical properties, such as deformability and 
stability, via lateral interactions with spectrin, actin, 
glycophorin C and protein p55 (See reviews: 1, 2, 
73). Evidence that MPP1 interacts with protein 4.1 
has been shown in the work of Marfatia et al. [72]. 
Patients with genetic defects resulting in the absence 
of protein 4.1 (4.1[-] hereditary elliptocytosis) or with 
defect of glycophorin C (Leach elliptocytosis) also 
showed absence of MPP1. It indicates that MPP1 is 
associated, in precise proportions, with the protein 
4.1-glycophorin-C complex, linking the skeleton and 
the membrane. MPP1 contains a binding sequence 
for the FERM (4.1, ezrin, radixin, moesin) domain 
of protein 4.1R [74]. 

Further studies on molecular partners of MPP1 in 
the erythrocyte membrane by using different methods, 
such as chemical cross-linking of membrane proteins, 
co-immunoprecipitation, overlay and solid phase 
pull-down assays as well as in situ proximity assay, led 
to the identification of novel interactions of MPP1 
and flotillin 1 and flotillin 2 (raft-marker proteins) in 
the erythrocyte membrane [75]. These interactions 

are under further, detailed kinetic exploration in  
a model system and confirm high affinity of formation 
of these complexes (Olszewska et al. to be published). 
These interactions were shown to be separate from the 
above-mentioned well-known protein 4.1-dependent 
interactions with MPP1 membrane proteins [61]. Flo-
tillins are membrane-associated proteins [76] which 
are functional in different cellular processes, including 
clustering of membrane receptors, regulation of sign-
aling pathways [77, 78], participation in cell adhesion 
[79] and interactions with the cytoskeleton [79]. The 
mechanism underlying their clustering remains unclear.

Furthermore, it is known that MPP1 interacts with 
Discs large protein P-dlg (DLG5). P-dlg is a protein 
encoded by the P dlg gene and is a human homolog 
of the Drosophila dlg tumor suppressor gene. This 
protein has three PDZ domains in contrast to MPP1, 
Dlg-2 and Dlg-3, an SH3 domain and a GUK domain, 
which are conserved structures in some MAGUK fam-
ily proteins [80]. Interaction between P-dlg and the 
GUK domain of MPP1 protein has been confirmed 
by yeast two-hybrid screening [80]. The C-terminal 
portion of MPP1 (289–466) has four internal T/S-X-V 
motifs which may be binding sites for the PDZ domain 
of P-dlg [80]. It is also interesting that MPP1 is highly 

Figure 2. Localization of mEGFP-HRas and mRFP-RBD in non-stimulated and insulin-treated cells. 1 × 106 control, scramble 
and MPP1 KnD cells were transfected with the appropriate plasmids (0.5 μg each) using CLB (Lonza) electroporation. After 
24 hours, cells were serum-starved for 20 hours and transferred onto glass coverslips coated with 0.1 mg/ml poly-L-lysine. Cells 
were observed in a chamber at 37° C and 5% CO2. Photographs were taken before and after addition of insulin [1 μg/ml],  
5 min after stimulation. A. Representative images, scale bar 10 µm. B. Relative fluorescence intensity profiles revealed 
impaired recruitment of mRFP-RBD (effector molecule) to the plasma membrane by H-Ras in insulin-treated MPP1 KnD 
cells (+insulin) — right panel. Reproduced from ref. 70, Podkalicka et al. 2018 (Creative Commons Attribution 3.0 License). 

http://creativecommons.org/licenses/by/3.0/
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abundant in AML (acute myeloid leukemia) cells, 
and interacts with the ABC transporter, ABCC4. The 
studies by Pitre et al. [52] showed that the expression 
of MPP1 highly correlated with ABCC4 expression in 
AML, and moreover, it was also associated with poor 
prognosis for AML patients. The authors carried out 
an assessment of all PDZ-binding domain proteins 
on the oligonucleotide microarray with samples from 
the diagnostic leukemic blasts of 130 pediatric AML 
patients. They found 81 single PDZ-domain proteins. 
Analysis (using a correlation with ABCC4 of >  0.4 as 
a threshold) led to the identification of 11 single-PDZ 
domain proteins that fulfilled the criteria. The MPP1 
gene met all requirements with both the highest 
correlation with ABCC4 (r = 0.84) in the studied 
AML data sets. Further research carried out by this 
group also showed that the PDZ domain is necessary 
and sufficient to bind ABCC4. Furthermore, MPP1 
regulates ABCC4 plasma membrane location and 
affects stability of ABCC4. Further research of this 
group indicated that this protein interaction is readily 
disrupted by a small molecule, antimycin A [52].

The role of MPP1 in non-erythroid cells is under-
stood rather poorly. Mburu et al. [81] have shown 
that MPP1 forms a complex with whirlin, the protein 
which binds the Usher protein network in the coch-
lea and the Crumbs network in the retina, by direct 
association with USH2A (usherin) and VLGR1  
(a member of the 7-transmembrane receptor G-protein,  
which binds calcium and is expressed in the central 
nervous system). One of the established physiological 
roles of MPP1 is its involvement in the regulation of 
neutrophil polarity. A MPP1 knockout (p55-/-) mouse 
model [82] showed that, upon agonist stimulation of 
neutrophils, MPP1 is rapidly recruited to the leading 
edge. Neutrophils of knockout mouse do not migrate 
efficiently in vitro and form multiple pseudopods upon 
chemotactic stimulation, in contrast to normal mouse 
neutrophils, which form a single pseudopod at the cell 
front required for efficient chemotaxis. Phosphoryla-
tion of Akt is decreased in these cells upon stimulation 
with chemoattractant, and this appears to be mediated  
by a PI3Kg kinase-independent mechanism [82].  
A similar effect was observed in flotillin-1 KO mouse 
[79], which showed a significant decrease in flotillin 2.  
Another example is interaction of MPP1 with the 
FERM domain of NF2 protein. NF2 is a cytoskeletal 
protein also called merlin, schwannomin or neurofi-
bromin 2 [65]. Neurofibromatosis type 2 (NF2) is  
a tumor-prone disorder characterized by the develop-
ment of multiple schwannomas and meningiomas [83]. 
MPP1-NF2 protein interaction may play a functional 
role in the regulation of apicobasal polarity and tumor 
suppression pathways in non-erythroid cells [65].

MPP1 interacts with cholesterol and lipids

It should be noted that there is also a possibility of 
MPP1-lipid, mainly cholesterol interactions. We used 
a simple bioinformatics approach to establish whether 
MPP1 is capable of binding cholesterol. Modeled and 
experimentally validated fragment structures were 
mined from online resources and searched for CRAC 
and CRAC-like motifs. Several of these motifs were 
found in the primary structure of MPP1, and these 
were structurally visualized to see whether they local-
ized to the protein surface. Since all of the CRAC and 
CRAC-like motifs were found at the surface of MPP1 
domains, in silico docking experiments were per-
formed to assess the possibility of interaction between 
CRAC motifs and cholesterol. The obtained results 
show that MPP1 can bind cholesterol via CRAC and 
CRAC-like motifs with moderate to high affinity (KI 
in the nano- to micro-molar range). It was also found 
that palmitoylation-mimicking mutations (C/F or 
C/M) did not affect the affinity of MPP1 towards cho-
lesterol [84]. Further studies on recombinant MPP1 
interactions in simple Langmuir monolayer technique 
revealed that injection of MPP1 into the subphase of 
an LB monolayer composed of DOPC/SM/Chol (1:1:1 
molar ratio) induced an increase in surface pressure, 
indicating that MPP1 molecules were incorporated 
into the lipid monolayer. The compressibility modu-
lus isotherms of MPP1, lipids and lipid-MPP1 films 
have essentially different shapes from one another. In 
addition, this interaction was found to be sensitive to 
the presence of cholesterol in the lipid monolayer, as 
adding MPP1 to the subphase of lipid monolayers con-
taining cholesterol resulted in a much larger increase 
in surface area than when MPP1 is injected into the 
subphase of a lipid monolayer devoid of cholesterol 
[85]. Moreover, MPP1-bound cholesterol was found 
to competitively inhibit surface pressure changes of 
the phospholipid monolayer [86]. 

MPP1 is the resting state raft organizing 
protein in erythroid cells

In conclusion, we propose MPP1 to be a main com-
ponent of the mechanisms responsible for lateral 
organization of the erythroid cell membrane. The 
studies presented above indicate a new role for MPP1, 
and present a novel linkage between membrane raft 
organization and their function. 

The molecular mechanism underlying MPP1’s 
function as a resting state raft organizer remains to be 
explored. Our hypothesis is that, upon palmitoylation, 
the affinity of MPP1 for binding to the pre-existing 
nanocluster membrane increases. As preexisting na-
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noclusters we consider protein-cholesterol/lipid com-
plexes corresponding to short-lived (half time < 0.1 ms)  
nanocomplexes (< 10 nm in diameter), described pre-
viously by others [87–89]. This suggestion is based on 
the observations that in HEL cells, upon inhibition of 
palmitoylation, all MPP1 remains in the high-density 
“skeletal” fraction within the density-gradient profile 
of the DRM, and also MPP1 KnD Hel cell membrane 
is characterized by increased membrane fluidity as 
measured by FLIM of the D-4 probe. We believe that 
flotillin-1 and -2 are important components of these 
nanoclusters, which was confirmed by the fact that flo-
tillins are found in the DRM residual fraction even after 
treatment with beta methyl cyclodextrin. Binding of 
palmitoylated MPP1 to the pre-existing nanocomplexes 
via flotillins and perhaps via cholesterol-binding regions 
as was recently documented [75, 84–86] induces their 
fusion and stabilizes them as membrane resting-state 
rafts, which are larger (~20 nm) in diameter [90], more 
stable (~1 s), detergent-resistant, and which become 
functional (see Fig. 3).

MPP1 is not the raft organizer in most cells 
in mammalian organisms

As the data on the level of MPP1 protein in the 
various cell types of the human body are only 

fragmentary (e.g. https://www.ncbi.nlm.nih.gov/ 
/gene/4354), we decided to test the presence of 
MPP1 in several human cell types. First of all we 
completed screening through blood cells. Cells were 
isolated from whole blood on the density gradient 
Ficoll-Paque (density 1.077 g/mL) and then further 
purified using MicroBeads by Miltenyi Biotec. The 
level of MPP1 gene expression in the studied cells 
was assessed by Western blot analysis and RT-PCR 
(reverse transcription). Additionally, in some cases 
the effect of palmitoylation on the formation of 
DRM fractions was tested on these cells (Table 1).  
For this purpose, a palmitoylation inhibitor, 2-BrP, 
was used. The DRM fraction was isolated via cold 
1% Triton X-100 extraction and ultracentrifugation 
of the extract on a sucrose step (40/30/5%) gradient. 
Literature data indicated the presence MPP1 in 
erythroid cells, mouse granulocytes and several my-
eloid and lymphoid cell lines. In our experience high 
expression of MPP1 could be observed in most blood 
cells and blood cell-derived neoplastic cell lines. As 
could be anticipated, a relatively high level of MPP1 
could be detected in the platelets as their parental 
cell has a common precursor with erythrocytes. In 
the blood cells the amount of DRM fraction protein 
and cholesterol and first of all the presence of MPP1 
in the DRM appeared to be sensitive to inhibition 

Figure 3. Schematic model of the proposed mechanism of resting state membrane raft organization in erythroid cells. Free 
MPP1 which is in equilibrium with membrane skeletally associated pool of this protein binds to the pre-existing short-lived 
flotillins-based nano-assemblies (< 10 nm in diameter, half time < 0.1 ms). This leads to oligomerization and co-assembly 
of flotillin-based nanoclusters into larger-scale complexes and formation of a more stable (half time ~1 s) larger (> 20 nm) 
structures called “resting state rafts” in erythroid cell membrane. Modified from Biernatowska et al. [75]) (CC BY-NC-ND 4.0).
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of palmitoylation with 2-BrP (Table 1) as was the 
fluidity of the cell membrane in vivo, as measured 
via FLIM analysis of the di-4 probe. However, to our 
surprise, the MPP1 gene was not expressed to high 
levels in studied cells of human tumor-derived cell 
lines apart from HEK293 (human embryonic kidney). 
In the latter cells an easily detectable signal was ob-
served via either RT-PCR or Western blot, although 
dependence upon palmitoylation of DRM localiza-
tion of MPP1 could not be observed in the applied 
experimental conditions. We have to keep in mind 
that the remaining cell lines are derived from human 
tumors, so we cannot anticipate with a high degree of 
certainty that in the case of normal tissues the results 
would be the same. In the case of blood cells most of 
the neoplastic cells expressed the MPP1 gene at a high 
level, but in some of them (promyelocytic leukemia 
HL60 or Raji Burkitt’s lymphoma) MPP1 could not 
be detected in Western blot. 

The obtained results clearly show that MPP1 is 
expressed at a negligible level in many types of human 
cancer epithelial cells, in contrast to cells of erythroid 

origin, where the level of their expression is high. The 
results support the hypothesis that the MPP1 protein 
is not responsible for the formation and maintenance 
of membrane rafts in epithelial cells, and this may sug-
gest a different model of formation of these domains 
than in the erythroid cells.

Conclusions

The data collected by us clearly indicate that MPP1 
participates in the resting state membrane rafts’ or-
ganization and regulation at least in erythroid cells. 
Summarizing collected information about membrane 
raft formation and the role of MPP1, we conclude that 
a network of proteins involving flotillins and flotill-
in-binding proteins is responsible for bringing lipids 
closely enough to form small, relatively stable (~1 s) 
lo phase domains which form resting-state rafts which 
are functional in the sense of recruiting appropriate 
activated (or becoming activated after becoming  
a part of the raft) receptors and other elements of the 
signaling pathway. It may also facilitate dissociation 

Table 1. The presence of MPP1 protein or its mRNA in different cell types

Cells/cell line MPP1 (Western 
blotting)

MPP1  
(rtPCR)

DRM DRM sensitivity to 2-BrP 
treatment

Changes of fluorescence  
life-time of di-4 probe

Erythrocytes +++ +++A +++ +++ +++

HEL +++ +++ +++ +++ +++

K562 +++ +++ +++ +++ nd

Thrombocytes +++ +++ nd nd nd

Monocytes +++ +++ nd nd nd

Neutrophils +++ +++ nd nd nd

Jurkat T +++ nd +++ +++ +++

HL60 +/– nd nd nd nd

HEK293 ++ nd – – – – nd

MDA-MB-231 +/– + – – nd

HeLa – – nd nd nd

A549 – – nd nd nd

A375 – – nd nd nd

SCOV3 – – nd nd nd

MCF7 – – nd nd nd

DU145 – – nd nd nd

AReticulocyte +++ present; – absent; nd — not determined. The localization in DRM fractions and/or sensitivity to 2-BrP treatment are also 
presented. Cells or cell lines were cultured in standard conditions. For Western blot analyses, cells were dissolved in Laemmli buffer and subjected 
to SDS-PAGE, transferred onto nitrocellulose filter, blocked with 5% milk proteins and probed with anti-MPP1 rabbit antibodies (Aviva Systems 
Biology, San Diego, CA, USA) and developed with appropriate secondary antibody conjugated to horseradish peroxidase in a chemiluminescent 
reaction. Reverse transcriptase (RT) reaction was performed using isolated total RNA (miRNeasy kit QIAGEN, Hilden, Germany) translated into 
cDNA via RT reaction (RevertAid First Strand cDNA Synthesis Kit Thermo Fisher Scientific, Waltham, MA, USA). Primers for MPP1 (Genomed, 
Warsaw, Poland; FP: CCTACGAGGAAGTCGTTCGG, RP: GGTCTGGGGCTCAATGTCAA, 340 bp, and for beta-actin Thermo Fisher Scientific: 
FP; TACAATGAGCTGCGTGTGGCTCCCG, RP: AATGGTGATGACCTGGCCTGGCCGTCAGGC, 540 bp) were used.
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of certain elements of the signaling pathway from the 
raft domain upon their activation, e.g. H-Ras disso-
ciating from the raft domain after exchange of GDP 
for GTP. Effects of MPP1 knock-out on neutrophil 
polarization or interaction with ABBC4, which causes 
a significant increase in cell resistance to chemother-
apy, may also be connected with MPP1’s resting state 
raft organizing role.

Our preliminary results indicate that the MPP1 
protein is abundant only in blood cells and their 
precursors, in other cells such as HEK293 there is 
a smaller amount of this protein, whereas in breast 
cancer cells such as MDA-MB-231 we observed only 
trace amounts of MPP1. The data collected by us may 
suggest that there may be more than one mechanism 
of the formation of membrane rafts. Our hypothesis 
assumes that another MAGUK protein or even pro-
teins which do not belong to the MAGUK protein 
family may perform a similar function as MPP1. For 
example, a similar function was recently suggested 
for the palmitoylation of Rac1 in COS-7 and MEF 
cells [91], and these authors implicate a role for the 
actin cytoskeleton in the mechanism of raft clustering 
in these cells. Therefore, the answer to the question 
posed by the title at this stage of research is that the 
MPP1-based molecular mechanism of resting state 
raft domain organization is a mechanism limited to 
certain types of cells, and the question of such domain 
organization in other cells remains open. However, we 
anticipate that it could be a flotillin-binding protein 
based mechanism.
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Abstract 
Introduction. Long interspersed nuclear elements-1 (L1), as the only one self-active retrotransposon of the 
mobile element, was found to be generally activated in tumor cells. The 5‘UTR of L1 (L1-5’UTR) contains 
both sense and antisense bidirectional promoters, transcription products of which can generate double-strand 
RNA (dsRNA). In addition, L1-ORF1p, a dsRNA binding protein encoded by L1, is considered to engage in 
some RNA-protein (RNP) formation. Ago2, one of the RISC components, can bind to dsRNA to form RISC 
complex, but its role in L1 regulation still remains unclear. Due that the 5‘UTR of L1 (L1-5’UTR) contains both 
sense and antisense bidirectional promoters, so the activities in both string were identified. A dsRNA-mediated 
regulation of L1-5’UTR, with the feedback regulation of L1-ORF1p as well as other key molecules engaged 
(Ago1–4) in this process, was also investigated. 
Material and methods. Genomic DNA was extracted from HEK293 cells and subjected to L1-5’UTR prepa-
ration by PCR. Report gene system pIRESneo with SV40 promoter was employed. The promoter activities of 
different regions in L1-5’UTR were identified by constructing these regions into pIRESneo, which SV40 region 
was removed prior, to generate different recombinant plasmids. The promoter activities in recombinant plasmids 
were detected by the luciferase expression assay. Western blot and co-immunoprecipitation were employed to 
identify proteins expression and protein-protein interaction respectively.
Results. Ago2 is a member of Agos family, which usually forms a RISC complex with si/miRNA and is involved 
in post- transcriptional regulation of many genes.  Here L1-ORF1p and Ago2 conducts a regulation as a negative 
feedback for L1-5'UTR sense promoter. L1-ORF1p could form the immune complexes with Ago1, Ago2 and 
Ago4, respectively. 
Conclusions. L1-5’UTR harbors both sense and antisense promoter activity and a dsRNA-mediated regulation 
is responsible for L1-5’UTR regulation. Agos proteins and L1-ORF1p were engaged in this process. (Folia 
Histochemica et Cytobiologica 2019, Vol. 57, No. 2, 56–63)

Key words: L1-5’UTR; Ago2; L1-ORF1p; antisense promoter; siRNA; HEK293 cells; protein interactions

Introduction

LINE-1 (Long Interspersed Nucleotide Element, 
L1), an autonomous retrotransposon and a parasitic 
element, makes up roughly 20% of human genomic 
DNA. It spreads throughout human genome by 
a manner of “copy and paste” that propagates its 
DNA or other DNAs within the genome through 
RNA intermediate and the mechanism is termed as 

target-primed reverse transcription (TPRT) [1, 2]. 
L1, in human genome, is thought to be activated in 
germ cell, embryonic cells with early stage of devel-
opment [3]. Promoter hypermethylation is a common 
phenomenon  for gene deactivation; however, its 
deactivation is related to promoter hypermethylation 
in differentiated cells by epigenetic regulation. In 
addition, L1 as a cis-element can also suppress adja-
cent gene expression due to unknown mechanism [4]. 
Moreover, it has been reported that the promoter of 
L1 provides an alternative promoter site for the ex-
pression of other nearby genes. The translocation of 
L1 containing the 5’UTR promoter sequence to the 
intron region of the Met gene was observed in colorec-
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tal and liver cancer. This phenomenon has been  
shown to be associated with an abnormal increase  
in Met expression and is important for malignant 
proliferation of cancer cells [5]. Under stress con-
dition, e.g.: heat shock, virus infection, treating by 
cycloheximide, genotoxic agents and DNA base ana-
logs, L1 can also be activated. The hypermethylation 
of L1 promoter occurs early in non-small-cell lung 
cancer (NSCLC), which is independently associated 
with poor prognosis in stage I NSCLC patients [6]. 
Physiologically, L1 is considered to be involved in  
X chromosome inactivation by a Xist mechanism [7]. 
Activated L1 not only reshapes the genome by aris-
ing gene mutations including insertion, deletion and 
rearrangement, but also contributes to modulation of 
gene expression by epigenetic mechanism. Given that 
L1 can lead to deleterious effects, it is important for 
cell to constrain its activation; however, this gene was 
identified to be activated ubiquitously in malignant 
tumor cells [8–10]. It is reported that L1 induces 
hTERT and ensures telomere maintenance in tumor 
cell lines [11]. Decreased expression of E-Cadherin 
and N-Cadherin proteins were observed post L1- 
-ORF2p (L1 encoded ORF2 protein) transfection 
along with up-regulation of vimentin [12]. Thus, L1 
with its feature of widespread distribution in human 
genome and ubiquitous activation in tumor cells can 
act as a promising model for us to understand the 
mechanism of tumorigenesis. 

Full-length L1, 6–7kb, is consisted of a 5’ untrans-
lated region (5’-UTR), two open reading frames 
(ORF1 and ORF2) and a 3’-UTR. L1-ORF1p (L1 
encoded protein ORF1 protein), a RNA-binding 
protein facilitating retrotransposition together with 
L1-ORF2 p [13], was identified to co-localize with 
RNA-induced silencing complex (RISC) recently [14, 
15]. 5’-UTR of L1 containing a sense promoter (SP) 
and an antisense promoter (ASP) will generate a dou-
ble-strand RNA (dsRNA) after transcription [16, 17], 
which implicates an RNA interference mechanism for 
its regulation. With the constructs of full-length and 3’ 
truncated mutants of L1-5UTR, the promoter activity 
of L1 was investigated. At the same time, L1-ORF1p 
as a RNA binding protein was also identified for its 
function in this process.

The regulation of siRNA trafficking in human 
cells is executed by RNA-induced silencing com-
plex (RISC). Small interfering RNA molecules are 
bound to RISC complex followed by inference with 
corresponding mRNA in cytoplasm. It was previously 
observed, that L1-5’UTR is negatively regulated by 
RISC via interaction with Ago2 (Argonaut family 
protein) [18]. However, the exact role of Ago2 (and 
other proteins of Ago family; Ago1, 3, 4) in regula-

tion negative feedback mechanism of L1 still remains  
unknown. Therefore, next aim of our study was to 
check whether the Ago2 protein interacts with L1 
particles.

Materials and methods

Cell culture. HEK293 cells were cultured with DMEM me-
dium (Gibco-BRL, Gaithersburg, MD, USA) supplemented 
with 10% fetal calf serum (Hyclone, Logan, UT, USA). 
Cells were incubated at 37° with an atmosphere containing 
5% CO2 and saturated humidity. The medium was changed 
every 2–3 days.

Recombinant plasmids construction. PCR regents were 
purchased from Takara Company (Beijing, China) and 
the approach was followed according to manufacturer’s 
protocol. In brief, the components of PCR reaction were as 
follows: 2 µl DNA template, 1 µl upstream primer (10 mmol/ 
/ml) and downstream primer (10 mmol/ml) respectively,  
10 µl of 2 × PCR master mixture (including: Taq, dNTP and 
buffer), H2O to a 20 μl final reaction volume. PCR running 
parameters were as follows: 95°C for 5 min followed by  
35 cycles of 94°C for 5 s, annealing at 58°C for 25 s, extension 
at 70°C for 25 s, and a final extension at 70°C for 10 min. 

L1-ORF1p recombinant plasmid: The full-length sequence 
of L1-ORF1 was amplified by PCR with a template of hu-
man genome DNA and cloned into pIRESneo to generate 
recombinant plasmid pIRES-ORF1-Flag. 

L1-5’UTR recombinant plasmids: pCBG99-5UTR-FL: Full-
length L1-5’UTR was amplified by PCR with a template of 
human genome DNA and primers (5’-CCGCTCGAG(Xho-
lI)GAGAGGAGCCAAGATGGC-3’and 5’-CCCAAGCT-
T(HindIII)CTTTGTGGTTTTATCTACTTT-3’). PCR 
products were cloned into pCBG99-control vector digested 
with XholI/HindIII (removing SV40 promoter) prior to 
generate pCBG99-5UTR-FL. 
pCBG99-5UTR-680 and pCBG99-5UTR-400: 

For constructing 3’- truncated mutants of L1-5’UTR, 
5’UTR-680 (removing ASP sequence) and 5’UTR-400 (re-
moving ASP and partial SP sequences) of L1-5’UTR were 
amplified by PCR with a template of pCBG99-5UTR-FL 
and specific primers
(5’UTR-680:  5 ’ -CCGCTCGAG(XholI)GAGAG-
GAGCCAAGATGGC-3’ and 5’-CCCAAGCTT(Hin-
dIII) GCAGTCTGCCCGTTCTCAGA-3; 5’UTR-400: 
5’-CCGCTCGAG(XholI)GAGAGGAGCCAAGAT-
GGC-3’, and 5’-CCCAAGCTT(HindIII) TGCAGTTT-
GATCTCAGACTG-3’). 
PCR products were cloned into pCBG99-control vector 
digested by XholI/HindIII prior to generate pCBG99- 
-5UTR-680 and pCBG99-5UTR-400, respectively.
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pCBG99-actin 680: As a negative control, the sequence of 
beta-actin with 680bp was prepared by PCR with a template 
of genomic DNA and primers (5’-CCGCTCGAG (XholI)
CTGTGCCCATCTACGAGG-3’and5’-CCCAAGCT-
T(HindIII)AAAGGGTGTAACGCAACTAA-3’). PCR 
product was cloned into pCBG99-control digested by XholI/ 
/HindIII prior to generate pCBG99-actin 680.

pCBG99-5UTR-aFL and pCBG99-5UTR-a680: For 
investigating ASP activity, antisense sequence of full-length 
of L1-5’UTR were prepared by PCR with the primers as 
follows: 
5’-CCCAAGCTT (HindIII) GAGAGGAGCCAAGAT-
GGC-3’ and 5’-CCGCTCGAG(XholI) CTTTGTGGT-
TTTATCTACTTT-3’. 

Antisense sequence of 3’ truncated mutant of 5 ’UTR- 
680 was prepared by PCR with the primers as follows: 
5’-CCCAAGCTT(HindIII) GAGAGGAGCCAA-
GATGGC-3’ and 5’-CCGCTCGAG(XholI)GCAG 
TCTGCCCGTTCTCAGA-3. 

PCR products were cloned into pCBG99-control digest-
ed by XholI/HindIII prior to generate pCBG99-5UTR-aFL 
and pCBG99-5UTR-a680, respectively. 

Ago2 recombinant plasmids: pSilencer-Ago2-siRNA1, 
pSilencer-Ago2-siRNA2, pSilencer-Ago2-Con1, 
pSilencer-Ago2-Con2: siRNA targeting sequences 
for Ago2 were designed by RNAi designer (Ambion, 
USA), two candidates were selected with the sequenc-
es as follows: 
5’-ACCGAGTTCGACTTCTACCTGTGTA-3’and 
5’-CAAGACACTCTGCGCACCATGTACT-3’

The hairpin structure was designed with the sequences 
as follows:
siRNA1 gene: sense sequence, 5’-GATCCACCGAGT-
TCGACTTCTACCTGTGTATTCAAGAG ATACA-
CAGGTAGAAGTCGAACTCGGTTTTTTTGGAAA-3’; 
anti-sense sequence: 
5’-AGCTTTTCCAAAAAAACCGAGTTCGACTTC-
TACCTGTGTATCTCTTGAATACACAGGTAGAA-
GTCGA ACTCGGTG-3’;
siRNA2 gene: sense sequence,5’-GATCCCAAGA-
CACTCTGCGCACCATGTACTTTCAAGAG AAGTA-
CATGGTGCGCAGAGTGTCTTGTTTTTTGGAAA-3’;
anti-sense sequence: 
5’-AGCTTTTCCAAAAAACAAGACACTCTGCGCAC-
CATGTACTTCTCTTGAAAGTACATGGTGCGCA-
GAGTGTCTTGG-3’. 
Double strand sequence was prepared by annealing and 
ligated into pSilencer2.1-U6/neo (Abcam, Cambridge, 
MA, USA) to generate recombinant plasmid pSilenc-
er2.1-Ago2-siRNA1 and pSilencer2.1-Ago2-siRNA2, 
respectively. With same procedure, the control sequences 
for siRNA1 (con-siRNA1: 5’-ACCTGCTAGTCCTATC-

CGTTAGGTA-3’) and siRNA2 (con-siRNA2: 5’-CAA-
CACTCTGCGCACTACTGGAACT-3’) were designed, 
synthesized and cloned into pSilencer2.1-U6/neo to gen-
erate pSilencer-Ago2-Con1 and pSilencer-Ago2-Con2, 
respectively.

Western blot analysis. The recombinant plasmids (pSi-
lencer-Ago2-siRNA1, pSilencer-Ago2-siRNA2, pSilenc-
er-Ago2-Con1, pSilencer-Ago2-Con2) were transfected into 
HEK293 cells using LipofectamineTM2000 reagent (Invit-
rogen, Carlsbad, CA, USA) for 48 h. Harvested cells were 
lysed with the lysis buffer (PBS solution including 2 µg/ml  
aprotinin, 100 µg/ml phenylmethyl-sulphonyl fluoride,  
2 µg/ml leupeptin and 1% Nonidet P-40 (Beyotime, 
Shanghai, China) followed by centrifugation to remove 
unsolved debris. After fractionating by 12.5% SDS-PAGE, 
the proteins were transferred into nitrocellulose mem-
brane (Bio-Rad Laboratories, Hercules, CA, USA). The 
membranes were incubated with 5% non-fat milk for 1 h 
in room temperature and then with the primary antibody 
(anti-Ago2, anti-FLAG, anti-beta-actin, Abcam) for addi-
tional 1 h followed by washing with TBST (Tris Buffered 
Saline Tween) for three times. The membranes were incu-
bated with horseradish peroxidase-labeled second antibody 
(Sigma, St Louis, MO, USA) for 1 h and washed with TBST 
for three times. The signals were visualized by incubating 
with enhanced chemiluminescence reagent (Amersham, 
Little Chalfont, UK) for 5 min. Triplicate experiments were 
conducted independently.

Luciferase expression assay. HEK293 cells were cultured 
with DMEM containing 0.5% calf serum for 24 hours, 
followed by transfection using 1 μg pCMV-b-gal (internal 
reference) combing with 1 μg different constructs. After 
culturing for 1 h the transfected cells were lysed and sub-
jected to luciferase and b-Galactosidase assay respectively 
(Promega, Shanghai, China). The values of luciferase in 
different groups were normalized by b-Galactosidase to 
eliminate differences elicited by transfection efficiency. 
Triplicate experiments were conducted independently.

Co-immunoprecipitation. The cells were harvested 
and incubated with lysis buffer (20 mM Tris HCl pH 8,  
137 mM NaCl, 10% glycerol, 1% Nonidet P-40, 2 mM EDTA)  
including a cocktail of protease inhibitors (Roche, Basel, 
Switzerland) on ice for 5 min. The supernatant solution 
was prepared by centrifuging with 15000 rpm for 10 min at 
4°C. 200 µl cell lysate and 20 µl 50% bead slurry (protein-A 
sepharose) were mixed and incubated with gently rocking 
for 3–4 h at 4°C. Supernatant solution was collected and 
incubated with 5 μl anti-FLAG by gently rocking for 4 h 
at 4°C. After spinning down and washing, the pellet was 
re-suspended with 20 μl 2 × SDS buffer, heated at 95–100°C 
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for 2–5 min and then subjected to SDS-PAGE analysis. The 
proteins were identified by immune blot using anti-Ago1, 
anti-Ago2, anti-Ago3, anti-Ago4 antibodies, respectively 
(Abcam, Shanghai, China).

Statistical analysis. Differences between experiment groups 
and control were tested using SPSS software v. 11.0 (IBM, 
New York, NY, USA), in which p < 0.05 were considered 
as significant differences.

Results

Construction of the L1-5’UTR mutants 
To elucidate the promoter activity of L1-5’UTR, the 
full-length and 3’ mutants of L1-5’UTR were con-
structed with SV40-removed luciferase report system 
and confirmed by sequencing. The schematic map and 
recombinant plasmids for confirming constructs were 
shown in Figure 1.

The activity of SP and ASP in L1- 5’UTR  
were identified 
With report system construct of luciferase, the pro-
moter activities of sense and antisense in L1-5’UTR 
were identified quantitatively. As indicated in Figure 2,  
both activity of SP and ASP in L1-5’UTR were eval-
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uated by comparing with SV40 and indicated that SP 
was much stronger than ASP.

ASP can suppress SP activity 
Owing to transcripts from SP and ASP in L1-5’UTR 
will generate a dsRNA, the effect of dsRNA on SP 
activity was investigated by constructing different 
ASP mutants. pCBG99-5UTR-680, a construct 
with 223bp removing in 3 terminus of 5’UTR, and 
pCBG99-5UTR-400, a construct with 503bp removing 
in 3 terminus of 5’UTR displays the strongest and 
weakest SP activity respectively by comparing with 
pCBG99-5UTR-FL, a construct with full-length of 
L1-5’UTR. Meanwhile, the remaining ASP activity 
in these truncated mutants was also determined by 
constructing pCBG99-5UTR-a680 and pCBG99- 
-5UTR-a400 (data not shown) (Fig. 3). Apparently, 
ASP activity negatively regulates SP activity and  
a dsRNA-mediated regulation was responsible for 
this mechanism.

Argonaut 2 is involved in siRNA-mediated  
regulation for L1-5’UTR 
To elucidate a dsRNA-mediated regulation further, 
Argonaut 2 (Ago2), a key component of RISC 
(RNA-induced Silencing Complex) playing an im-
portant role in siRNA processing was investigated. 
Co-transfection of constructs of Ago2-siRNA with 
either pCBG99-5UTR-680 or pCBG99-5UTR-400 
or pCBG99-5UTR-FL was conducted. As indicat-
ed in Figure 4, luciferase expression in construct 
of pCBG99-5UTR-FL was increased significantly, 
whereas moderate and null increases were shown 
in constructs of pCBG99-5UTR-680 and pCBG99-

Figure 3. Antisense sequence of L1-5’UTR negatively regu-
lates its promoter activity. Different constructs of L1-5’UTR 
were transfected into HEK293 cells. The expression of lucif-
erase in different groups was detected and the relative values 
were calculated by normalizing with control as describing 
in Materials and methods. Con: pCBG99-Control (100%); 
s-FL: pCBG99-5’UTR-FL (40%); s-680: pCBG99-5’UTR-680 
(120%); s-400: pCBG99-5’UTR-400 (18%); as-FL: pCBG99-
-5’UTR-aFL (16%); as-680: pCBG99-5’UTR-a680 (5%). The 
percentages in parentheses are relative values of luciferase 
expression compared with control. *p < 0.05; **p < 0.01
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Figure 4. Ago2 is involved in the regulation of L1-5’UTR activity. HEK293 cells were transfected by either pCBG99-5UTR-FL 
or pCBG99-5UTR-680 combined with Ago2-siRNA constructs. The expressions of luciferase in different groups were detected 
by measuring the OD value at 415 nm absorbance the relative values were calculated by normalizing with respective control 
(transfected by either pCBG99-5UTR-FL or pCBG99-5UTR-680 only). Ago2-siRNA1: pSilencer-Ago2-siRNA1; Ago2-con1: 
pSilencer-Ago2-Con1; Ago2-siRNA2: pSilencer-Ago2-siRNA2; Ago2-con2: pSilencer-Ago2-Con2 s-FL: pCBG99-5’UTR-
-FL; s-680: pCBG99-5’UTR-680. A. The expressions of Ago2 in transfected HEK293 cells with different siRNA constructs 
where assessed by Western blot. B. The relative values of luciferase expressions. S-FL: Ago2-con1 (100%); Ago2-siRNA1 
(280%); Ago2-con2 (100%); Ago2-siRNA2 (170%); S-680: Ago2-con1 (100%); Ago2-siRNA1 (110%); Ago2-con2 (100%); 
Ago2-siRNA2 (105%). The percentages in parentheses are relative values of luciferase expression compared with control 
The value in each group is the mean of triplicates and SEM were labeled by whiskers over the bars *p < 0.05; **p < 0.01
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-5UTR-400, respectively. Suggesting that Ago2 can 
suppress L1-5’UTR promoter activity and the mech-
anism by which a siRNA-mediated regulation may 
account for this fact.

L1-ORF1p is involved in siRNA-mediated  
regulation for L1-5’UTR
Given the RNA binding activity of L1-ORF1p, the ef-
fect of L1-ORF1p on siRNA-mediated regulation for 
L1-5’UTR was investigated. With different constructs 
of L1-5’UTR, the promoter activity was investigated in 
L1-ORF1p over-expressed HEK293 cells. As indicat-
ed in Figure 5, over-expression of L1-ORF1p resulted 
in decrease of luciferase expression significantly in 
full-length 5’UTR construct, whereas less effect on 
other truncated mutants. It indicates that L1-ORF1p 
is involved in siRNA-mediated L1-5’UTR regulation.

L1-ORF1p can form immune complex  
with the members of Argonaut family
Owing that both L1-ORF1p and Ago2 are RNA-bind-
ing proteins, the interaction between them was inves-
tigated with which may account for the mechanism of 
L1-ORF1p. As indicated in Figure 6A, a RNA-inde-
pendent interaction between Ago2 and L1-ORF1p was 
identified by co-immunoprecipitation. Furthermore, 
the other members of Argonaut family in human 
were also investigated and indicated that Ago1, Ago2, 
Ago4 but not Ago3 can form immune complex with 
L1ORF1p, respectively (Fig. 6B). Thus, the interaction 
between Ago2 (or other members of Argonaut family) 
and L1-ORF1p may account for the mechanism of 
L1-ORF1p for its feedback regulation to L1-5’UTR.

Figure 6. L1ORF1p formed a complex with the members of Argonaut family, Ago1, Ago2 and Ago4. Transfected HEK293 
cells were lysed and subjected to immunoprecipitation with anti-L1ORF1p. The complexes were fractionated by SDS-PAGE 
and immune-blotted with anti-Ago1, anti-Ago2, anti-Ago3 and anti-Ago4, respectively. 1: pIRES-L1ORF1-Flag; 2: pIRES 
(control). A. RNA-independent interaction of L1-ORF1p and Ago2. B. The interactions of L1-ORF1p with other members 
of Argonaut family, Ago1 and Ago4.
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Discussion

SP and ASP in L1-5’UTR were identified for their 
activities by different constructs with luciferase report 
system. To elucidate a dsRNA (siRNA precursor) 
mediated regulation for L1-5’UTR, we construct-
ed differently truncated mutants of 3’ terminus of  
L1-5’UTR (removing ASP sequence) and found that the  
activity of SP has a negative relationship with ASP. It is 
implicated that a siRNA mediated regulation was em-
ployed for L1-5’UTR. Furthermore, Ago2, a critical 
component in RISC (RNA- Induced Silencing Com-
plex) [18] was investigated and, resultantly, a negative 
regulation for L1-5’UTR was identified. Our result is 
consistent with previous report, in which L1-5’UTR 
transcripts was identified as the first endo-siRNA in 
germ cells and L1 retrotransposition was suppressed 
by endogenously encoded small interfering RNAs [19] 
and Ago2 [14, 20]. Thus, Ago2 plays a crucial role in 
siRNA-mediated regulation for L1-5’UTR. Consist-
ently, the depletion of endo-siRNA was reported in 
human breast cancer cells. In addition, L1-ORF1p, 
a RNA binding protein and co-localizing with RISC 
[14], is also involved in a negative feedback regulation 
of L1-5’UTR by siRNA-mediated mechanism. Given 
that both Ago2 and L1-ORF1p are RNA binding 
proteins, an interaction was hypothesized and as  
a result that L1ORF1p can form immune complex with  
Ago2 with RNA independent manner even that the 
domains responsible for direct interaction need to be 
identified further. In addition, more members. but not 
Ago3, of Argonaut family (Ago1, Ago2, Ago4) were 
identified to interact with L1-ORF1p, suggesting that 
L1-ORF1p is involved in both siRNA and miRNA 
regulation based on the fact that Ago2 usually forms 
a complex with siRNA and Ago1/Ago4 usually forms 
a complex with miRNA [21]. Usually, Argonaut pro-
teins and miRNAs/siRNAs are localized in processing 
bodies and, under stress conditions, re-localized to 
stress granules where it results in mRNA cleavage 
with miRNA/siRNA-dependent manner [21]. So, the 
interaction of L1-ORF1p with Argonauts may also 
account for that L1-ORF1p is involved in the process 
of miRNA/siRNA maturing and processing. 

Taken together, both SP and ASP are identified 
in L1-5’UTR and a siRNA mediated regulation is 
identified for L1-5’UTR. L1-ORF1p, a RNA bind-
ing protein, is involved in siRNA mediated feedback 
regulation for L1-5’UTR by forming a complex with 
Ago1, Ago2 and Ago4, respectively. 
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Abstract
Introduction. This study endeavors to analyze the effects of miR-1204 on the expression of DEK oncogene in 
non-small cell lung cancer (NSCLC) cell lines and to study the molecular mechanisms of these effects. 
Material and methods. The miR-1204 mimics and inhibitors were transfected into the (A549 and SPC) NSCLC 
cells. Then the mRNA levels, cell viability, apoptosis rate, morphology and caspase activity were determined. 
The expression of apoptosis-related proteins Bcl-2 and Bax was also analyzed.
Results. In NSCLC cell lines (A549 and SPC), DEK mRNA levels were down-regulated in miR-1204 overex-
pression group. In miR-1204 inhibition group, the expression of DEK mRNA showed an opposite trend. The 
overexpression of miR-1204 increases the apoptosis rate in NSCLC cells. The Bcl-2 level in the miR-1204 over-
expression group was decreased, while the Bax level was increased. In the miR-1204 inhibition group, expression 
of Bcl-2 and Bax showed opposite trends. Cell staining revealed cell’s morphological changes; the apoptosis in 
the miR-1204 overexpression group revealed significant morphological features, such as brighter nuclei and nu-
clear condensation. Results indicated a typical characteristic of apoptosis in the miR-1204 overexpression group. 
Caspase-9 and Caspase-3 were involved in the apoptosis pathway, which was mediated by miR-1204 and DEK.
Conclusions. The miR-1204 induces apoptosis of NSCLC cells by inhibiting the expression of DEK. The mech-
anism of apoptosis involves down-regulation of Bcl-2 and up-regulation of Bax expression. Moreover, the apo
ptosis was mediated by mitochondria-related caspase 9/3 pathway. (Folia Histochemica et Cytobiologica 2019, 
Vol. 57, No. 2, 64–73)

Key words: NSCLC; A549 cells; SPC cells; DEK; miR-1204; apoptosis; Bcl-2; Bax; caspase-3; caspase-9

Introduction

Lung cancer is the leading cause of cancer-related 
death worldwide. More than one million cases are 
diagnosed each year [1]. Lung cancer is morphologi-
cally divided into non-small cell lung cancer (NSCLC) 
and small cell lung cancer, of which NSCLC accounts 
for about 80% of all lung cancer cases [2]. Despite 
the growing number of NSCLC genomics studies 
and targeted therapies, the overall 5-year survival 
rate is only 15% [3, 4]. This highlights the need for  
a better understanding of NSCLC biology to improve 
the prevention, diagnosis and treatment of this can-
cer [5]. Recently, there is evidence that microRNAs 

(miRNAs) may be involved in the pathogenesis of 
NSCLC, providing new insights into disease biology.

DEK oncogene (DEK) is a ubiquitous protein 
in multicellular organisms and some single-celled 
organisms. DEK can promote the repair of DNA 
damage while also participates in apoptosis [6]. DEK 
has been already identified as an oncogene and is 
overexpressed in various malignant tumors, such as 
colorectal, gastric, neuroendocrine, prostate, breast, 
and bladder cancer [7–11]. Recent studies indicate 
that DEK depletion induced astrocytic tumor cell ap-
optosis with down-regulated expression of Bcl-2 and 
C-myc; the caspase-3 activity in the astrocytic tumor 
was also significantly enhanced after the knockdown 
[12]. Data indicate that DEK plays multiple roles 
such as promotion of proliferation and migration of 
cancer cells and facilitation of tumor growth and its 
maintenance [13]. It can be used as a potential target 
for astrocytic tumor diagnosis and gene therapy [14]. 
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DEK overexpression is an important independent risk 
factor for overall survival in patients with NSCLC. 
DEK may potentially be used as an independent 
biomarker for NSCLC prognosis assessment [15].

MicroRNAs (miRNAs) are a class of endogenous 
non-coding RNAs of approximately 20–24 nucleo-
tides. MiRNAs play important roles in a variety of 
cellular processes including proliferation, apoptosis, 
differentiation, and malignant transformation [13–18]. 
New evidence has revealed that miRNAs influence 
the initiation and progression of various malignan-
cies, including lung cancer [19–21]. For example, 
it is reported that miR-145, miR-21, miR-214, and 
miR-29c have a crucial role in lung cancer [22–25]. 
miR-1204 is a member of the PVT1 region. Recent 
studies have found that miR-1204 may improve B cell 
differentiation and metastasis in breast cancer and 
can target PITX1 in NSCLC, which may be a poor 
prognostic factor and a potential therapeutic target 
for NSCLC [26].

The aim of this study is to find out if miR-1204 tar-
geting DEK in A549 and SPC cells affects cell apoptosis 
and apoptosis-related pathways by transfecting the cells 
with miR-1204 or miR-1204 inhibitors. To examine 
the potential molecular mechanisms of miR-1204 on 
apoptosis, we assayed the expression of apoptosis-re-
lated proteins (Bcl-2 and Bax), activity of caspase-3, 
caspase-8, and caspase-9, cell morphology and other 
biological behaviors of NSCLC cells and explored their 
related mechanisms.

Materials and methods

Cell cultures. The A549 and SPC cell lines of NSCLC were 
purchased from the American Type Culture Collection 
(Manassas, VA, USA). The cells were maintained in the 
Dulbecco’s Modified Eagle Medium (DMEM) with 10% fe-
tal bovine serum (FBS), 100 U/ml penicillin, and 100 mg/ml  
streptomycin in humidified air with 5% CO2 at 37°C. 

miRNA target gene prediction databases. Three miRNA 
target gene prediction databases were used in research. 
miRanda: http://www.microrna.org/; TargetScan: http://www.
targetscan.org/; miRWalk:http://zmf.umm.uni-heidelberg.de/

The miRNA mimics, siRNAs, cell transfection, and lucif-
erase reporter assays. The miR-1204 mimic, miR-1204 
inhibitor, control miRNA, DEK siRNA (si-DEK), and 
control siRNA (si-Control) were obtained from RiboBio 
(Guangzhou, China). The A549 and SPC cells were trans-
fected with miR-1204 mimics, miR-1204 inhibitors, control 
miRNA, DEK siRNA, and control siRNA (50 nM) using 
riboFECT™ CP transfection (RiboBio) following the man-
ufacturer’s instructions. 

The 3’-UTR of the DEK gene containing the putative 
binding sites for miR-1204 was infused into a pGL vector 
purchased from Hai Chuang Biological Technology Co. 
(Beijing, China). Cells were calibrated into 24-well plates 
and cotransfected with miR-1204 mimics, miR-1204 in-
hibitors, or control miRNA with 0.8 µg luciferase reporter 
plasmids, or control reporter vectors. Luciferase activity was 
measured after 48 h of transfection using a dual-luciferase 
assay system (#E2920; Promega, Madison, WI, USA). Re-
sults were normalized to Renilla luciferase activity.

Real-time RT-PCR. Total RNA was extracted from  
NSCLC cells using Trizol reagent (Invitrogen, Carlsbad, 
CA, USA). The expression of miR-1204 was evaluated 
with miDETECT, a Track TMmiRNA qRT-PCR Starter 
Kit (RiboBio). Real-time PCR was conducted using the 
GoTaq Real-Time PCR Systems (Promega) to evaluate 
the DEK expression. B2M level was used as a control for 
the real-time PCR analysis. The primers for B2M were: 
sense, 5’-GGCTATCCAGCGTACTCC-3’; anti-sense, 
5’-ACGGCAGGCATACTCATC-3’. Primers for DEK 
were: sense, 5’-TGTTAAGAAAGCAGATAGCAG-
CACC-3’; anti-sense 5’-ATTAAAGGTTCATCATCT-
GAACTATCCTC-3’. The primers for Bcl-2 were: sense, 
5’-GGCTATCCAGCGTACTCC-3’; anti-sense 5’-ACGG-
CAGGCATACTCATC-3’. The primers for Bax were: 
sense, 5’-GGAGCTGCAGAGGATGATTG-3’; anti-sense, 
5’-CCTCCCAGAAAAATGCCATA -3’. The results were 
analyzed by the following formula: 2-DDCt.

Cell viability assay. The cells were seeded into 96-well plates 
(3 × 104 cells/well) and evaluated for 10–60 h after transfec-
tion. The process was repeated thrice in each group. The cell 
viability was determined by the addition of Cell Counting 
Kit-8 (MedChem Express, Beijing, China). The CCK-8 kit, 
based on the chemical reactivity of WST-8 (2-(2-methoxy-4- 
-nitro))-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetra-
zole monosodium salt), is a rapid and highly sensitive kit 
widely used for the assessment of cell proliferation and 
cytotoxicity. WST-8 belongs to the upgraded product of 
MTT. In the presence of electron coupling reagent WST-8 
can be reduced by mitochondrial dehydrogenases to produce 
highly water-soluble orange-yellow formazan product. Cell 
proliferation is proportional and inversely proportional to 
cytotoxicity. The OD value was measured at a wavelength 
of 450 mm using a microplate reader (TECAN, Vienna, 
Austria), indirectly reflecting the number of viable cells. 

Analysis of cell apoptosis. Annexin V-FITC/PI kit (Keygen 
Biotech, Jiangsu, China) was used to assay the apoptosis. 
The cells were collected after 48 hours of transfection in 
accordance with the manufacturer’s instructions. Later, the 
cells were incubated with Annexin V — fluorescein isothi-
ocyanate and propidium iodide for 15 min in the dark at 
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25°C to analyze the percentage of apoptotic cells. Cells were 
analyzed with a FACS Calibur flow cytometer (NovoCyte, 
Beijing, China). 

Assessment of cell morphology. The cells were assayed after  
48 h of transfection and stained with Hoechst 33258 (10 mg/ml)  
for 20 min at 37°C. Later, after washing the cells with phos-
phate-buffered saline (PBS), the morphology of the cells was 
monitored and photographed under TE-2000S fluorescence 
microscope (Nikon, Tokyo, Japan).

Caspase activity assay. The cells (2 ×) were seeded in 
6-well plates and collected 48 h after transfection. The 
cells were treated according to the protocol described, with 
Caspase-3, -8, and -9 Fluorescence Assay Kits (Biovision, 
San Francisco, CA, USA). The activities of caspase-3, -8, and 
-9 were measured using a fluorescence spectrophotometer 
(BMG  LABTECH, Baden, Stuttgart, Germany) with an 
excitation wavelength of 400 nm and emission wavelength 
of 505 nm. 

Statistical analysis. Statistical analysis was carried out 
using the SPSS version 2.0 (IBM, Armonk, NY, USA). 
Differences between two groups were enumerated using 
the two-tailed Student’s t-tests. P < 0.05 was considered to 
illustrate a statistically significant difference, and all values 
were expressed as mean ± SEM. 

Results

The prediction of DEK as a target of miR-1204
Earlier results from the sequencing analysis had 
indicated that there were large numbers of differen-
tially expressed sequences between the DEK silencing 
group and the DEK silencing control group in A549 
lung cancer cells, especially the miRNA sequences. 
Hence, it was reasonably presumed that DEK might 
be regulated by miRNA. 

Three miRNA target gene prediction databases 
(miRanda, TargetScan, and miRWalk) were applied 
to predict the potential binding sites of miR-1204, 
where DEK was the target gene (Fig. 1). 

The miR-1204 overexpression and inhibition
The study was successful in detecting the expression 
level of miR-1204, 48 hours after transfection with 

miR-1204 mimic, inhibitor, or corresponding control 
respectively in A549 or SPC cells. The level of expres-
sion of miR-1204 in the miR-1204 mimic group was 
significantly higher than that in the control group, 
while the expression level of miR-1204 in miR-1204 
inhibitor group was apparently lower than that in the 
control group (Fig. 2A). 

The miR-1204 inhibits the activity of DEK 3’-UTR
DEK 3’-UTR luciferase reporter plasmid was 
co-transfected with miR-1204 mimic, inhibitor, or 
corresponding control, respectively, into A549 or SPC 
cells. After transfection for 48 hours, the cells were 
collected and the luciferase activity was measured. 
The luciferase activity of A549 and SPC cells transfect-
ed with DEK 3’ -UTR encoding plasmid was observed 
to have been decreased in miR-1204 overexpression 
group. Meanwhile, the luciferase activity with DEK 
3’-UTR encoding plasmid was found to have been 
increased in the miR-1240 inhibition group (Fig. 2B). 

The miR-1204 inhibits DEK expression
The miR-1204 mimic, inhibitor, and the correspond-
ing control were transfected in A549 and SPC cells. 
Thereafter, the DEK mRNA level was examined 
through the RT-PCR analysis. The resultant data 
indicated a decrease of DEK expression in the miR-
1204 overexpression group when compared with the 
control group, whereas the DEK expression in the 
miR-1204 inhibition group indicated an opposite 
trend (Fig. 2C). 

The miR-1204 overexpression increases apoptosis 
in NSCLC cells
To substantiate the premise that miR-1204 regulates 
apoptosis in NSCLC cells, we transfected miR-1204 
mimic, inhibitor, or the corresponding control, re-
spectively, into A549 and SPC cells, and measured the 
apoptosis rate using the flow cytometer. The apoptosis 
rate in miR-1204 overexpression group was found to 
have significantly increased, while it had decreased in 
the miR-1204 inhibition group (Fig. 3A–D). 

By using Hoechst 333258 staining technique, we 
observed the changes in the cell morphology with  
a fluorescence microscope. The miR-1204 overex-
pression group revealed characteristic morphological 
features of apoptosis such as brighter nuclei and 
nuclear condensation (Fig. 3E–F).

The miR-1204 inhibits proliferation of NSCLC cells
The CCK-8 assay showed that miR-1204 inhibited 
the proliferation of NSCLC cells. We transfected 
miR-1204 mimic, inhibitor, or corresponding control 
into A549 and SPC cells, and the cell viability was 

DEK 3’-UTR 802-826  5’

hsa-miR-1204  3’ AUAAGGGAGACCAaggccacga

AGUAUUAACUCUGUaaaagugug 3’

5’

Figure 1. Complementarity site for miR-1204 in the 3’-UTR 
region of DEK
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determined after 10–60 h. It was found that miR-1204 
significantly inhibited the proliferation of NSCLC 
cells and that the inhibitory effect of miR-1204 was 
time-dependent (Fig. 4).

Effect of siDEK on expression of Bcl-2 and Bax
We transfected A549 and SPC cells with siDEK or 
control, and then detected mRNA expression levels 
of Bcl-2 and Bax. It was demonstrated that Bcl-2  

Figure 2. miR-1204 overexpression and inhibition in A549 and SPC cells. A. Real-time RT-PCR detection of miR-1204 ex-
pression in A549 and SPC cells transfected with miR-1204 mimic (mimic, inhibitor or corresponding controls). B. Luciferase 
activity in A549 and SPC cells transfected with DEK 3’-UTR luciferase reporter plasmid and miR-1204 mimic (mimic, inhib-
itor or corresponding controls). C. Detection of DEK mRNA expression in A549 and SPC cells transfected with miR-1204 
mimic (mimic, inhibitor or corresponding controls) by real-time RT-PCR. *P < 0.05, **P < 0.01 compared with mimic or 
inhibitor control transfected cells. Data are presented as the mean ± SEM of three independent experiments. 
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Figure 3. miR-1204 induced apoptosis in A549 and SPC cells. A. A549 cells apoptosis was detected by flow cytometry. Num-
bers 1–5 represent the A549, miR-1204 mimic, miR-1204 mimic control, miR-1204 inhibitor, miR-1204 inhibitor control.  
B. Apoptosis rate in A549 cells after transfected with miR-1204 mimic (mimic, inhibitor or corresponding controls). C. SPC 
cells apoptosis was detected by flow cytometry. Numbers 1–5 represent the SPC, miR-1204 mimic, miR-1204 mimic control, 
miR-1204 inhibitor, miR-1204 inhibitor control. D. Apoptosis rate in SPC cells after transfected with miR-1204 mimic (mim-
ic, inhibitor or corresponding controls). *P < 0.05, **P < 0.01 compared with mimic or inhibitor control transfected cells. 
Data are presented as the mean± SEM of three independent experiments. E. Nuclear morphology was observed in A549 
cells by Hoechst 33258 staining. Numbers 1–5 represent the A549, miR-1204 mimic, miR-1204 mimic control, miR-1204 
inhibitor, miR-1204 inhibitor control (scale bars: 100 µm). F. Nuclear morphology was observed in SPC cells by Hoechst 
33258 staining. Numbers 1–5 represent the SPC, miR-1204 mimic, miR-1204 mimic control, miR-1204 inhibitor, miR-1204 
inhibitor control. Apoptotic cells with bright, nuclear condensation. Scale bars: 100 μm.
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expression was significantly decreased in siDEK 
group compared with the control group, while Bax 
expression was significantly increased (Fig. 5A–C). 

Effects of miR-1204 on the expression of Bcl-2  
and Bax
The miR-1204 mimic, inhibitor, or corresponding 
control were transfected into A549 and SPC cells and 
the mRNA expression levels of Bcl-2 and Bax were 
determined. The Bcl-2 expression was significantly 
decreased in the miR-1204 overexpression group 
compared with the control group, while the Bax ex-
pression was significantly increased. In the miR-1204 
inhibition group, the opposite results were observed 
(Fig. 6A, B). 

Activation of caspase-3, caspase-8, and caspase-9 
during miR-1204-induced apoptosis
The activation of caspases in miR-1204 induced cell 
apoptosis were investigated sequentially. As Figure 7 
shows, in the both cell lines, A549 and SPC, caspase-3 
activity increased in the miR-1204 overexpression 
group. Caspase-9 activity was also observed to have in-
creased. However, no change in caspase-8 activity was 
detected in any of the cell groups tested (Fig. 7A, B).

Discussion

miR-1204 is a member of the PVT1 region. Recent 
studies have found that miR-1204 may improve B cell 
differentiation and metastasis in breast cancer and 
can target PITX1 in non-small cell lung cancer, which 
may be a poor prognostic factor and a potential thera-
peutic target for NSCLC [26]. We used three miRNA 
target prediction databases (miRanda, TargetScan, 

and miRWalk) to determine the target gene of miR-
1204. It was found that one target gene of miR-1204 
was DEK. The DEK overexpression is prevalent in 
numerous types of malignant cancers [7–8]. Recently, 
many studies have found DEK to be carcinogenic in 
lung cancer formation [9–11]. However, there is very 
little research on the role of microRNA in DEK. 
Hence, we proposed the hypothesis that the expres-
sion of DEK could be regulated by miR-1204. With 
an intent to confirm this hypothesis, first, we used 
luciferase reporter assay to confirm DEK as a target 
gene of miR-1204. Moreover, we also found that the 
mRNA levels of DEK were negatively correlated 
with the expression of miR-1204. The above results 
provided evidence to substantiate the hypothesis that 
the expression of DEK in NSCLC was negatively 
regulated by miR-1204. 

Next, to reveal the effects of the miR-1204 on 
NSCLC cells by regulating DEK, the effect of miR-
1204 on apoptosis of A549 and SPC cells were inves-
tigated. The apoptosis is a programmed cell death 
and an important physiological process to maintain 
homeostasis [27]. Alterations of the apoptosis play  
a significant role in the survival of abnormal cells and 
tumorigenesis [28, 29]. Cell apoptosis is characterized 
by chromatin concentration, DNA fragmentation, 
membrane foaming, and/or apoptotic bodies [25–30]. 
In our study, Annexin V FITC analysis of flow cy-
tometry and in vitro Hochest 33258 staining analysis 
indicated that the apoptosis rate of A549 and SPC 
cells in miR-1204 overexpression group was increased, 
while the apoptosis rate was found to have decreased 
in the miR-1204 inhibited group. The cell viability of 
the miR-1204 overexpression group was significantly 
lower than that of the control group, whereas, the 

Figure 4. Cell proliferation of A549 and SPC. Cells were transfected with miR-1204 mimic or miR-1204 mimic control and 
measured by CCK-8 assays. The absorbance was measured at 450 nm as described in Methods.
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miR-1204 inhibited group expressed an opposite 
trend. These results evidenced that miR-1204 over-
expression induced apoptosis in A549 and SPC cells 
and inhibited their growth. 

Apoptosis is strictly regulated by the multiple 
pathways and proteins. The members of the Bcl-2 

family play a crucial role in inhibiting or promoting 
apoptosis [31]. The Bcl-2 family consists of anti-ap-
optotic (Bcl-2, Bcl-w, Bcl-xl, A1) and pro-apoptotic 
molecules (Bax, Bcl-xs, Bad, Bak, Bid, Bim, Bik) [12, 
31]. Bax protein allows some ions and small molecules 
such as cytochrome C to penetrate the mitochondrial 

Figure 5. Expression of Bcl-2 and Bax affected by siRNA DEK. A. Real-time RT-PCR detection of DEK expression in A549 
and SPC cells transfected with siDEK or controls. B. Real-time RT-PCR detection of Bcl-2 expression in A549 and SPC cells 
transfected with siDEK or controls. C. Real-time RT-PCR detection of Bax expression in A549 and SPC cells transfected 
with siDEK or controls. *P < 0.05, **P < 0.01 compared with control group of transfected cells. Data are presented as the 
mean ± SEM of three independent experiments. 
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Figure 6. Expression of Bcl-2 and Bax affected by miR-1204. A. Bcl-2 and Bax mRNA expression in A549 cells transfected 
with miR-1204 mimic (mimic, inhibitor or corresponding controls) was detected by real-time PCR. B. Bcl-2 and Bax mRNA 
expression in SPC cells transfected with miR-1204 mimic (mimic, inhibitor or corresponding controls) was detected by re-
al-time RT-PCR. Data are presented as the mean ± SEM of three independent experiments. 

membrane and enter the cytoplasm, leading to ap-
optosis. However, Bcl-2 has the opposite function. It 
can counteract the pore-forming activity of Bax and 
prevent the free penetration of small molecules, thus 
protecting the cells from imminent apoptosis [12]. 
This study detected the decreased Bcl-2 expression 
and the increased Bax expression in NSCLC cells 
with miR-1204 overexpression, while the miR-1204 
inhibition showed opposite results in the cells. Hence, 
we presume that the Bcl-2 and Bax proteins were 
involved in the miR-1204-induced apoptosis of A549 
and SPC cells. 

Caspases are intracellular cysteine protease, 
which are capable of inducing apoptosis through 

two major pathways, namely: (i) FADD-caspase-8/3 
and (ii) cytochrome C (CytC)-caspase-9/3 [29].The 
FADD-caspase-8/3 pathway is triggered by Fas/ 
/FasL, while the cytc-caspase-9/3 pathway is triggered 
by mitochondrial damage. Later, caspase-3 (an en-
dogenous endonuclease) is activated, leading to the 
irreversible apoptosis [32, 33]. The activity changes of 
caspase-3, caspase-8, and caspase-9 by colorimetric 
assay in increased apoptosis group were determined. 
The results indicated that the activity of caspase-3 
and caspase-9 were significantly increased, while the 
activity of caspase-8 was not affected by miR-1204. 
Thus, our results suggest that the main mechanism 
by which miR-1204 induced cell apoptosis acted via 
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mitochondria-related CytC-caspase-9/3 pathway and 
not the caspase-8 pathway. 

In summary, there are only a few studies related 
to the role of miRNA in NSCLC, while a better un-
derstanding of miRNA-mediated gene expression 
regulation is needed. Our study is the first to indi-
cate that DEK is negatively regulated by miR-1204 
in two NSCLC cell lines and that miR-1204 could 
promote apoptosis of the NSCLC cells by inhibiting 
the expression of DEK. The mechanism of miR-1204 
induced apoptosis involves down-regulation of Bcl-2 
and up-regulation of Bax expression. Besides, this 
apoptosis is mediated by mitochondria related caspase 
9/3 pathway. However, further in-depth research is 
needed to elucidate the precise mechanisms of these 
effects. 
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Abstract
Introduction. Non-alcoholic fatty liver disease (NAFLD) is a common chronic liver disease which becomes  
a rapidly growing health problem in the Western countries. The development of the disease is most often connected 
to obesity. NAFLD is also considered as the hepatic manifestation of metabolic syndrome. Transforming growth 
factor b1 (TGF-b1) plays an important role in the pathogenesis of liver fibrosis, being involved in activation of 
hepatic stellate cells, stimulation of collagen gene transcription, and suppression of matrix metalloproteinase 
expression. The objective of the study was to evaluate by immunohistochemistry the expression of TGF-b1 in 
the liver tissue of NAFLD patients and correlate it with anthropometric, biochemical and routine histological 
parameters.
Material and methods. The study group consisted of 48 patients with diagnosed NAFLD. Liver steatosis, NAFLD 
Activity Score (NAS) and METAVIR score of fibrosis were evaluated in liver biopsies. The immunoreactivity 
of TGF-b1 was evaluated semi-quantitatively separately in portal, septal, lobular hepatocytic and lobular sinu-
soidal liver compartments. The results were analyzed in regard to patients’ clinical and biochemical parameters. 
Results. Neither steatosis nor NAS correlated with TGF-b1 expression in any liver compartment, whereas 
METAVIR score of fibrosis was associated with increased immunoreactivity of TGF-b1 in most of the studied 
liver compartments. TGF-b1 immunoreactivity showed positive correlation with patients’ age and its expression 
in septal compartment disclosed positive correlation with body mass index, and waist and hip circumference. 
Hyaluronic acid serum level was positively and iron concentration was negatively associated with TGF-b1 ex-
pression in the selected consecutive liver compartments.
Conclusions. The immunohistochemical expression of TGF-b1 may be complementary to routine methods of 
liver fibrosis evaluation. (Folia Histochemica et Cytobiologica 2019, Vol. 57, No. 2, 74–83)

Key words: TGF-b1; NAFLD; liver fibrosis; liver compartments; IHC; hyaluronic acid; serum iron

Introduction

Non-alcoholic fatty liver disease (NAFLD) is  
a common chronic liver disease which becomes  
a rapidly growing health problem in developed coun-
tries affecting approximately 30% of population [1]. 

Its worldwide prevalence continues to increase with 
the growing problem of obesity [2]. NAFLD involves 
several liver conditions: simple steatosis, non-alco-
holic liver steatohepatitis (NASH), hepatic cirrhosis 
and hepatocellular carcinoma (HCC). NAFLD is 
strongly associated with the metabolic syndrome [3]. 
The course of NAFLD differs between patients and 
most of them do not develop more advanced forms of 
the disease. However, 20% of patients with NAFLD 
progress to NASH and 30% of patients with NASH 
have liver fibrosis [1]. Age above 50 years and preex-
isting fibrosis are well established factors that increase 
the risk of cirrhosis in the course of NAFLD [4].  
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Additionally, NAFLD-associated non-cirrhotic HCC 
is a currently recognized problem [5].

Transforming growth factor (TGF) b1 is one of the 
most important cytokines accelerating liver fibrosis 
[6]. TGF-b1 promotes activation of hepatic stellate 
cells (HSCs), stimulates collagen gene transcription, 
and suppresses expression of matrix metallopro-
teinases. Therefore, TGF-b1 signaling represents  
a potential therapeutic target in liver fibrosis treatment.  
Additionally, TGF-b1 signaling pathway can interfere 
with hepatocyte proliferation and accelerate HCC 
progression. TGF-b1 has been reported to play both 
tumor-suppressive and tumor-promoting roles [7–9]. 

Although liver biopsy is still a gold standard to 
estimate fibrosis stage, new techniques are now under 
validation for noninvasive fibrosis evaluation, e.g.  
serum marker panels [10], elastography [11], and 
functional breath tests [12]. 

The objective of this study was to evaluate the 
expression of TGF-b1 in the liver tissue of patients 
with NAFLD and to correlate it with anthropometric, 
biochemical and classical histological parameters. 

Material and methods

Patients. The study group consisted of 48 consecutive 
patients with NAFLD diagnosed in Department of Gastro-
enterology and Hepatology, Wroclaw Medical University 
between 2015 and 2017. The diagnosis was made based on 
the American Association for the Study of Liver Diseases 
(AASLD) guidelines [13]. None of 48 consecutive patients 
with NAFLD had normal body weight index (BMI 18.5–25). 
Eighteen (40.9%) patients were overweight (BMI 25–30) 
and 26 (59.1%) were obese (BMI > 30). Mean age of the 
patients was 46.1 years; no significant difference in the mean 
age was found between sexes. Characteristics of the patients 
are shown in Table 1. NAFLD was confirmed by histological 
examination of liver biopsies (> 5% of hepatocytes con-
taining fat droplets). Indications for liver biopsy included 
suspicion of steatohepatitis or liver fibrosis in the course 
of steatosis. Other causes of steatosis were excluded: viral 
hepatitis, autoimmune hepatitis, hemochromatosis, Wilson’s 
disease, a-1 antitrypsin deficiency and drug-induced hepatic 
injury. Consumption of ethanol higher than 30 mg/day for 
men and 20 mg/day for women was also the exclusion cri-
terion. Complete clinical examination with anthropometric 
measurements and laboratory sampling was performed in all 
subjects at the beginning of the study. The anthropometric 
data included body mass, height, body mass index (BMI) 
calculated as weight (kg) divided by height squared (m2), 
waist circumference (WC), hip circumference (HC), waist-
-to-hip ratio and waist-to-height ratio.

Laboratory tests. Standard blood morphology, liver bio-
chemical tests, serum lipids, fasting glucose, insulin, C-reac-
tive protein, glycated hemoglobin (HbA1c), C-peptide, iron 
and ferritin concentrations were measured. Additionally, 
serum was collected for potential markers of inflamma-
tion/fibrosis in the liver: hyaluronic acid, fibronectin, 
alpha-2-macroglobulin, haptoglobin, apolipoprotein A1, 
TGF-b1 and TNF. Homeostasis model assessment of insulin 
resistance (HOMA-IR) was calculated using the following 
formula: HOMA-IR = fasting glucose (mg/dL) × fasting 
insulin (μU/mL)/405 [14]. History of concomitant diseas-
es/medication was obtained. The diagnosis of metabolic 
syndrome was established according to Adult Treatment 
Panel III criteria [15]. The study protocol was approved 
by local ethics committee with compliance to the Helsinki 
Declaration. Informed written consent was obtained from 
each patient before enrollment to the study.

Histopathology. Histological examinations of all samples 
were performed by the same pathologist. All specimens were 
considered representative (sample length > 1.5 cm). After 
the percentage involvement by steatotic hepatocytes was 
assessed, the patients were divided into subgroups: 5–33% 
mild, 33–66% moderate or > 66% severe steatosis. NASH 
Clinical Research Network system for scoring activity and 
fibrosis in NAFLD was used to calculate NAFLD Activity 
Score (NAS) ranging 0–8 [16]. Patients with NAS score 0–2 
were considered as not having NASH, patients with score 
5–8 were diagnosed NASH. Activity scores 3 and 4 were 
noted as borderline cases (borderline NASH). The staging 
of fibrosis was assessed using METAVIR score [17] (F0: no 
fibrosis, F1: portal fibrosis without septa, F2: portal fibrosis 
with few septa, F3: numerous septa without cirrhosis, F4: 
cirrhosis). 

Immunohistochemistry. From 10% formalin-fixed par-
affin embedded blocks 5 µm-thick sections were cut with 
microtome and mounted on sialinized slides (code number 
S3003; DAKO, Glostrup, Denmark). Next, they underwent 
automated dewaxing, rehydration and heat-induced epitope 
retrieval in PT Link Pre-Treatment Module for Tissue Spec-
imens (DAKO), with EnVision Target Retrieval Solution 
(DAKO) used for 30 min incubation at 97°C. Immunohis-
tochemical (IHC) reaction with TGF-b1 rabbit polyclonal 
antibody (No. PA5-32628, 1:100 Thermo Scientific Pierce 
Products, Waltham, MA, USA) was performed in Auto-
stainer Link 48 (DAKO) and EnVision FLEX/HRP system 
(DAKO) was used for detection. Positive and negative con-
trol slides were prepared. As a negative control, liver core 
biopsy was processed in the abovementioned sequences, but 
FLEX Mouse Negative Control, Ready-to-Use (DAKO) 
was used instead of the primary antibody. Human brain 
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tissue was used for positive controls. Evaluation of TGF-b1 
expression was performed with Olympus BX41 microscope 
by the same pathologist. TGF-b1 expression was evaluated 
in following compartments: portal (PC), septal (SC), lobular 
hepatocytic (LCH) and lobular sinusoidal (LCS). Compart-
ments for the evaluation of IHC reactivity were distinguished 
by the authors based on the anatomical structure of the liver 
in attempt to diversify the significance of TGF-b1 in various 
histological regions of this organ. 

Evaluation of the intensity of TGF-b1 immunoreactivity. 
The assessment of TGF-b1 expression in each compartment 
was based on the intensity of the IHC reaction; specimens 
were given points according to the following scale: no re-

activity — 0, weak reactivity — 1, moderate reactivity — 2, 
strong reactivity — 3. In LCH and LCS compartments, 
TGF-b1 expression was also evaluated according to a mod-
ified scale of Remmele [18], in which two parameters were 
considered: percentage of cells with positive cytoplasmatic 
immunoreactivity (percentage of reactive area) and intensity 
of staining (Table 2). Final score (0–12 pts.), named Immu-
noreactive Score (IRS), was calculated by multiplication of 
points given for percentage of positive cells (0–4 pts.) and 
intensity of reaction (0–3 pts.).

Statistical analysis. Continuous, normally distributed varia-
bles were expressed as mean ± standard deviation. Student’s 
t-test was performed to compare the means between groups 

Table 1. Selected clinical characteristics of patients with non-alcoholic fatty liver disease (n = 48)

Age (years)  46.1 ± 10.9 (M: 45.9 ± 9.9; F: 46.3 ± 11.1)

Sex (female/male) 17/31 (35.4%; 54.6%)

Weight [kg] 093.0 ± 16.7 (M: 95.6 ± 14.4; F: 90.1 ± 12.4)

BMI [kg/m2] 30.9 ± 4.0 (M: 30.1 ± 3.6; F: 32.9 ± 4.2)

HC [cm] 107.1 ± 8.6 (M: 105 ± 7.2; F: 112.3 ± 9.5)

WC [cm] 107.6 ± 9.3 (M: 107.0 ± 9; F: 109 ± 9.7)0000

WHR 1.004 ± 0.09 (M: 1.02 ± 0.04; F: 0.97 ± 0.04)

WHtR 000.61 ± 0.06 (M: 0.6 ± 0.06; F: 0.61 ± 0.05)

Serum values

Glucose (< 100 mg/dL) 112.9 ± 47.1

Insulin (µU/mL) 013.1 ± 10.2

HbA1c (3–6.5%) 5.87 ± 0.9

C-peptide [ng/ml] 3.79 ± 2.4

ALT (< 35 U/I) 073.3 ± 33.6

AST (< 31 U/I) 053.0 ± 26.5

GGT (< 38 U/I) 082.8 ± 47.6

Alkaline phosphatase (30–120 U/I) 096.4 ± 37.1

TG (< 150 mg/dl) 0233.2 ± 140.1

Iron (70–180 µg/dl) 103.42 ± 38.10

Hyaluronic acid [ng/ml] 29.47 ± 14.1

Haptoglobin [g/l] 1.66 ± 0.9

TGF-b1 [ng/ml] 6.42 ± 3.1

HOMA-IR 02.54 ± 2.54

Clinical status

Hypertension 27 (56.2%)

Diabetes 14 (29.2%)

Dyslipidemia 20 (41.7%)

Metabolic syndrome 19 (39.6%)

Values represent mean ± SD or the number of patients with percentages in parentheses. Abbreviations: BMI — body mass index; HC — hip circum-
ference; WC — waist circumference ;WHR — waist to hip ratio; WHtR — waist  to height ratio; ALT — alanine transaminase; AST — aspartate 
transaminase; GGT — gamma-glutamyl-transferase; TG — triglycerides; HOMA-IR — homeostasis model assessment of insulin resistance.
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with normally distributed data. In non-parametric samples, 
Mann-Whitney U-test was used. Normality of distribution 
was evaluated with Shapiro-Wilk test. Associations between 
normally distributed data were analyzed using Pearson 
correlation coefficient and Spearman correlation was per-
formed in non-parametric data series.

Results

The immunoreactivity of TGF-b1 in the classified 
liver compartments
Cytoplasmic TGF-b1 expression was observed in 
various cells of all analyzed liver compartments: 
besides expression in lobular hepatocytes, TGF-b1 

reactivity was present in parasinusoidal stellate cells, 
sinusoidal Kupffer cells, other infiltrating immune 
cells as well as fibroblasts in PC and SC (Fig. 1). The 
distribution of TGF-b1 immunoreactivity in respec-
tive compartments, assessed as the intensity of the 
IHC reaction, is shown in Figure 2. The intensity of 
TGF-b1 immunoreactivity was compared in pairs 
between consecutive compartments. The intensity of 
TGF-b1 immunoreactivity was significantly lower in 
septal compartment compared with every other com-
partment (Mann-Whitney U-test, p < 0.001, Fig. 3).  
Additionally, the TGF-b1 immunoexpression in lob-
ular hepatocytic compartment was significantly lower 
compared to either portal compartment or lobular 

Table 2. Modified scale of Remmele used for evaluation of immunohistochemistry [18] 

Percentage of cells with positive cytoplasmatic reaction Points Intensity of color reaction Points

No cells with reaction 0 No reaction 0

< 25% cells with positive reaction 1 Weak reaction 1

25–50% cells with positive reaction 2 Moderate reaction 2

51–75% cells with positive reaction 3 Intensive reaction 3

> 75% with positive reaction 4  

Figure 1. The immunoreactivity of TGF-b1 in liver sections. A. Massive hepatic steatosis; low TGF-b1 expression in lobular 
hepatocytic and lobular sinusoidal compartments. B. Centrilobular zone with mild steatosis; moderate TGF-b1 immunore-
activity in lobular hepatocytic and lobular sinusoidal compartments, mostly adjacent to the central vein. C. Minimal hepatic 
steatosis, periportal and lobular zone; high TGF-b1 expression in lobular hepatocytic compartment. D. Moderate hepatic 
steatosis, portal triad zone; high TGF-b1 expression in portal and lobular hepatocytic compartments. TGF-b1 immunoreac-
tivity was visualized in the sections of human liver biopsies as described in Methods. 

A B

C D
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sinusoidal compartment (Mann-Whitney U-test,  
p < 0.05, Fig. 3). The distribution of TGF-b1 immu-
noreactivity in LCH and LCS, expressed by the IRS 
score, is shown in Figure 4. 

In intercompartmental analysis of TGF-b1 expres-
sion we observed positive correlations between inten-
sity of staining in respective compartments (Table 3). 

TGF-b1 immunoreactivity and clinical  
characteristics of the NAFLD patients
Associations between TGF-b1 expression and selected 
clinical parameters are shown in Table 4. Interest-
ingly, TGF-b1 immunoexpression correlated with 

Intensity of TGF-b1 reaction in different compartments (0–3)
0

1
2

4

9

16

19

25

29

23

26

15

7
5

0
2

9

PC

SC

LCH

LCS

0

5

10

15

20

25

30

35

1 2 3

P
at

ie
nt

s 
no

Figure 2. Distribution of the intensity of TGF-b1 immunoreactivity in respective compartments of the human liver in patients 
with non-alcoholic fatty liver disease.
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Figure 3. Mean intensity of TGF-b expression in respective compartments of the human liver in patients with non-alcoholic 
fatty liver disease. Abbreviations: LCH — lobular hepatocytic; LCS — lobular sinusoidal; PC — portal; SC — septal). Data 
are presented as mean SD. *p < 0.001 Septal compartment (SC) compared to PC, LCH, LCS compartments. **p < 0.05 
LCH compared to PC and LCS compartments.

patients’ age in most compartments. No significant 
differences between sexes were found concerning 
age. Natural differences in some anthropometric 
parameters were found between sexes (e.g. higher 
waist-to-hip ratio, i.e. WHR, in men). Moderate pos-
itive correlations were found between the intensity of 
reaction in septal compartment and BMI, waist and 
hip circumference (p < 0.05). 

TGF-b1 immunoexpression and laboratory  
findings in NAFLD patients
The analysis of TGF-b1 expression versus laboratory 
parameters revealed moderate negative correlation 
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with serum iron levels. Negative correlations between 
iron levels and TGF-b1 immunoreactivity were ob-
served in SC, LCH and LCS, whereas moderate posi-
tive correlations with haptoglobin, hyaluronic acid and 
serum TGF-b1 (Table 4). No correlations were found 
between TGF-b1 expression in any compartment and 
following parameters: components of blood morphol-
ogy, alanine transaminase, aspartate transaminase, 
gamma-glutamyl-transferase, alkaline phosphatase, 
serum lipids, ferritin concentration and HOMA (data 
not shown). Also, no correlations between the expres-
sion of TGF-b1 in any compartment and fibronectin, 
alpha-2-macroglobulin, apolipoprotein A1 and TNF 
were found (data not shown). 

TGF-b1 expression and histopathological  
characteristics
Neither liver steatosis nor activity of NAFLD (NAS 
score) were associated with TGF-b1 immunoreactiv-
ity. However, both the intensity and IRS of TGF-b1 

expression in LCH were weakly, positively associated 
with the stage of liver fibrosis. Similar weak associa-
tion was observed in PC, whereas moderate correla-
tion with fibrosis was found in SC (Table 4). 

Discussion

Liver fibrosis results from the excessive accumulation 
of extracellular matrix proteins including collagen that 
occurs in most types of chronic liver diseases [19]. Fi-
brosis may affect also other organs such as kidneys and 
heart, leading to significant changes in their structure 
and function [20, 21]. There is a wide range of factors 
causing fibrosis, such as infections, ischemia, radiation 
or injuries [22–24] and proinflammatory cytokines 
are thought to be involved in its initiation [25]. It 
was found that key roles in regulating promotion and 
acceleration of fibrosis are played by members of the 
TGF-b superfamily [26]. The members of the TGF-b 
family belong to the group of the most pleiotropic 
cytokines, involved in many physiological pathologic 
processes, e.g. inflammation, tissue repair, cell migra-
tion as well as cell differentiation and apoptosis [27]. 
Studies on TGF-b functions led to development of 
targeted therapies in kidney and lung fibrosis [28, 29] 
and in cancer [30]. Accordingly, fibrosis in the course 
of NAFLD emerges as one of the possible therapeutic 
targets, next to hepatic steatosis and metabolic stress, 
bile acid-farnesoid X receptor axis, de novo lipogene-
sis, incretins- and fibroblast growth factors-dependent 
pathways, inflammation and injury [31].

Furthermore, it has been recently demonstrated that 
fibrosis stage affects liver-related mortality in patients with 
NAFLD [32]. Moreover, it predicted overall- and dis-
ease-specific survival among patients with NAFLD [33].
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Figure 4. Immunoreactivity score (IRS) in lobular compartments of the human liver in patients with non-alcoholic fatty 
liver disease.

Table 3. Correlations between intensity of TGF-b1 immuno-
reactivity in the analyzed liver compartments of liver biopsies 
in patients with non-alcoholic fatty liver disease

PC SC LCH LCS

PC 1.0

SC 0.61* 1.0

LCH 0.45* 0.62* 1.0

LCS 0.44* 0.46* 0.42* 1.0

Values express Spearman correlation coefficients. Abbreviations: PC 
— portal compartment; SC — septal compartment; LCH — lobular 
hepatocytic compartment; LCS — lobular sinusoidal compartment. 
SIMILARLY AS IN TABLE 4; *p < 0.01.
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In recognition of the functional and structural 
heterogeneity of liver histology, we decided to eval-
uate TGF-b1 expression in various compartments: 
periportal, septal and lobular. This division enabled 
characterization of the spatial distribution of TGF-b1 
in the liver tissue and more detailed analysis of pos-
sible correlations between TGF-b1 reactivity and 
other clinicopathological parameters. In sinusoidal 
and hepatocytic compartments, TGF-b1 staining 
was evaluated by two methods: intensity of immu-
noreactivity reaction and ImmunoReactive Score, as 
described in Methods). The latter technique addi-
tionally takes into account the percentage area of the 
reactive tissue. Overall, both methods led to similar 
results when TGF-b1 expression was correlated with 
other clinicopathological parameters. The immuno-
expression of TGF-b1 was found in various cells of 
all hepatic compartments: hepatocytes, stellate cells, 
Kupffer cells, infiltrating immune cells and fibroblasts. 
Intercompartmental correlations were strongly pos-
itive. IHC reactivity of TGF-b1 was the strongest in 
LCS, which highlights the role of Kupffer cells and 
parasinusoidal hepatic stellate cells as a source of 
fibrosis-driving TGF-b1. The intensity of the IHC 

reaction was the least pronounced in SC, where the 
fibrosis evaluated in METAVIR scoring system is 
usually described. In this compartment TGF-b1 ex-
pression showed strongest positive correlation with 
the stage of fibrosis (METAVIR). TGF-b1 expression 
did not depend on the stage of liver steatosis. Also, 
the intensity of inflammation evaluated as NAS did 
not correlate with TGF-b1 reactivity. 

To the best of our knowledge, the distribution 
of TGF-b1 has not been comprehensively studied 
in patients with NAFLD. However, Farrington et 
al. studied TGF-b1 expression in fibrotic livers in 
patients with biliary atresia [34]. They analyzed two 
areas, portal and lobular, and found that TGF-b1 was 
present predominantly in the latter. Consistently, we 
observed highest TGF-b1 reactivity in lobular com-
partments. However, periportal staining for TGF-b1 
was also prominent in our study. This discrepancy may 
be related to the depletion of bile ducts in advanced 
biliary atresia. Biliary epithelium is known to be  
a source of TGF-b1 and thus contributes to fibrosis [35].

In standard histological liver scoring systems most 
attention is paid to the periportal and septal regions. 
Our study showed that TGF-b1distribution is diffused 

Table 4. Correlations between the intensity of TGF-b1 immunoreactivity in respective liver compartments, age and selected 
anthropometric, laboratory and histopathological parameters

PC SC LCH LCS LCH-IRS LCS-IRS

Age 0.29* 0.42** 0.17 0.22 0.31* 0.34*

Anthropometric parameters

Weight 0.01 0.18 0.05 0.20 0.00 0.15

BMI 0.20 0.49** 0.10 0.24 0.14 0.25

HC 0.22 0.53** 0.25 0.16 0.23 0.21

WC 0.18 0.43** 0.07 0.23 0.13 0.24

WHR –0.05 –0.12 –0.26 0.05 –0.13 0.07

Serum parameters

HbA1c 0.19 0.31* 0.19 –0.03 0.26 0.05

C-peptide 0.20 0.31* 0.14 0.08 0.08 0.01

Iron –0.11 –0.37** –0.38** –0.32** –0.32** –0.31**

Hyaluronic acid 0.36* 0.37** 0.26 0.21 0.35* 0.16

Haptoglobin 0.01 0.37** 0.25 0.03 0.17 0.12

TGF-b1-serum 0.21 0.38** 0.26 0.15 0.13 0.22

Histopathological indices

Steatosis 0.19 0.25 0.09 0.14 0.18 0.17

NAS score –0.18 –0.02 –0.09 –0.19 –0.13 –0.26

Fibrosis 0.32* 0.41** 0.28* 0.18 0.29* 0.16

Values represent correlation coefficients. The intensity of the TGF-b1 immunoreactivity was assessed as described in Methods. Abbreviations: same 
as in the legend to Table 1 and Table 3; LCH-IRS, lobular hepatocytic compartment assessed by ImmunoReactive Score; LCS-IRS lobular sinusoidal 
compartment assessed by ImmunoReactive Score. *p < 0.05; **p < 0.01.
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in liver lobules and not only limited to periportal and 
septal regions.

Considering anthropometrical data, we found 
that intensity of TGF-b1 expression in SC correlated 
with BMI, waist and hip circumference, but not with 
absolute weight and waist-to-hip ratio. This indirectly 
suggests that BMI better than WHR predicts liver 
fibrosis. Our observation is in line with the reports 
of other authors. Angulo et al. implemented BMI in 
NAFLD Fibrosis Score, which is a well-established 
non-invasive system identifying liver fibrosis in 
NAFLD patients [36].

In our study we correlated selected biochemical 
parameters with the intensity of TGF-b1 expression 
in the liver. We found positive associations with serum 
concentrations of HbA1c, C-peptide and hyaluronic 
acid, haptoglobin, and TGF-b1 in septal compart-
ment. This is not surprising since haptoglobin in well-
known marker of liver fibrosis and is incorporated 
in Fibrotest formula [37]. Serum concentration of 
hyaluronic acid seems to be biomarker of fibrosis in 
chronic liver diseases of different etiologies [38] such 
as non-alcoholic fatty liver disease [39], alcoholic fatty 
liver disease [40], and viral hepatitis [41]. 

An interesting, unexpected observation was the 
finding of a reverse correlation between TGF-b1 im-
munoreactivity in most liver compartments and serum 
iron concentration. Trying to explain this phenome-
non in humans we conjecture on a possible negative 
feedback mechanism that limits liver fibrosis. TGF-b1 
was recently recognized as an activator of hepcidin 
mRNA expression in isolated human hepatocytes 
[42]. Hepcidin maintains serum iron concentration 
by controlling dietary uptake of iron from duodenal 
enterocytes. It binds to cellular ferroportin to trigger 
its internalization and degradation, which blocks the 
transport of iron from enterocytes to portal circula-
tion [43]. TGF-b1 downregulates iron serum level in 
a hepcidin-dependent mechanism [44] which might 
explain the inverse correlation between iron levels 
and TGF-b1 expression in our study. However, in 
an animal model Han et al. [45] showed decreased 
activation of hepatic stellate cells and TGF-b1 effect 
by hepcidin. The authors demonstrated an inhibition 
of Smad3 phosphorylation in HSCs by hepcidin which 
may account for the anti-fibrotic effect of hepcidin. 
Based on this experimental study, a new model of 
fibrosis downregulation can be proposed: activation of 
HSCs results in TGF-b1 synthesis and secretion that 
increases hepcidin expression. The overexpression 
of hepcidin, in turn, downregulates HSCs activation 
and thus self-limits liver fibrosis. Thus, studies of new 
fibrosis markers may lead not only to the improvement 
of the scoring systems but also to the development of 

the new therapeutic strategies. It has to be noted that 
one of the limitations of our study is fact that majority 
of patients were men although this is consistent with 
the results of the epidemiological studies [46].

Conclusions

TGF-b1 might be a promising immunohistochemical 
marker of the liver fibrosis in NAFLD patients; how-
ever, further studies on larger group of patients with 
NAFLD are required. 

The assessment of the immunohistochemical re-
activity of TGF-b1 can be complementary to routine 
methods of liver fibrosis evaluation. 

Acknowledgments

The study was supported by Polish National Science 
Center grant No NN 519463239.

Disclosure of conflict of interest

The authors declare no competing interests.

References
1.	 Vernon G, Baranova A, Younossi ZM. Systematic review: the 

epidemiology and natural history of non-alcoholic fatty liver 
disease and non-alcoholic steatohepatitis in adults. Aliment 
Pharmacol Ther. 2011; 34(3): 274–285, doi: 10.1111/j.1365-
2036.2011.04724.x, indexed in Pubmed: 21623852.

2.	 Corey KE, Kaplan LM. Obesity and liver disease: the epidemic 
of the twenty-first century. Clin Liver Dis. 2014; 18(1): 1–18, 
doi: 10.1016/j.cld.2013.09.019, indexed in Pubmed: 24274861.

3.	 Musso G, Gambino R, Bo S, et al. Should nonalcoholic fatty 
liver disease be included in the definition of metabolic syn-
drome? A cross-sectional comparison with Adult Treatment 
Panel III criteria in nonobese nondiabetic subjects. Diabetes 
Care. 2008; 31(3): 562–568, doi: 10.2337/dc07-1526, indexed 
in Pubmed: 18056890.

4.	 Argo CK, Northup PG, Al-Osaimi AMS, et al. Systematic re-
view of risk factors for fibrosis progression in non-alcoholic 
steatohepatitis. J Hepatol. 2009; 51(2): 371–379, doi: 10.1016/j.
jhep.2009.03.019, indexed in Pubmed: 19501928.

5.	 Perumpail RB, Liu A, Wong RJ, et al. Pathogenesis of hepa-
tocarcinogenesis in non-cirrhotic nonalcoholic fatty liver dis-
ease: Potential mechanistic pathways. World J Hepatol. 2015; 
7(22): 2384–2388, doi: 10.4254/wjh.v7.i22.2384, indexed in 
Pubmed: 26464753.

6.	 Inagaki Y, Okazaki I. Emerging insights into Transforming 
growth factor beta Smad signal in hepatic fibrogenesis. Gut. 
2007; 56(2): 284–292, doi: 10.1136/gut.2005.088690, indexed 
in Pubmed: 17303605.

7.	 Seoane J, Gomis RR. TGF-β Family Signaling in Tumor Sup-
pression and Cancer Progression. Cold Spring Harb Perspect 
Biol. 2017; 9(12), doi: 10.1101/cshperspect.a022277, indexed 
in Pubmed: 28246180.

8.	 Bellam N, Pasche B. Tgf-beta signaling alterations and colon 
cancer. Cancer Treat Res. 2010; 155: 85–103, doi: 10.1007/978-
1-4419-6033-7_5, indexed in Pubmed: 20517689.

9.	 Shi C, Chen Y, Chen Y, et al. CD4+ CD25+ regulatory T cells 
promote hepatocellular carcinoma invasion via TGF-b1-in-

http://dx.doi.org/10.1111/j.1365-2036.2011.04724.x
http://dx.doi.org/10.1111/j.1365-2036.2011.04724.x
https://www.ncbi.nlm.nih.gov/pubmed/21623852
http://dx.doi.org/10.1016/j.cld.2013.09.019
https://www.ncbi.nlm.nih.gov/pubmed/24274861
http://dx.doi.org/10.2337/dc07-1526
https://www.ncbi.nlm.nih.gov/pubmed/18056890
http://dx.doi.org/10.1016/j.jhep.2009.03.019
http://dx.doi.org/10.1016/j.jhep.2009.03.019
https://www.ncbi.nlm.nih.gov/pubmed/19501928
http://dx.doi.org/10.4254/wjh.v7.i22.2384
https://www.ncbi.nlm.nih.gov/pubmed/26464753
http://dx.doi.org/10.1136/gut.2005.088690
https://www.ncbi.nlm.nih.gov/pubmed/17303605
http://dx.doi.org/10.1101/cshperspect.a022277
https://www.ncbi.nlm.nih.gov/pubmed/28246180
http://dx.doi.org/10.1007/978-1-4419-6033-7_5
http://dx.doi.org/10.1007/978-1-4419-6033-7_5
https://www.ncbi.nlm.nih.gov/pubmed/20517689


82 Radoslaw Kempinski et al.

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2019
10.5603/FHC.a2019.0008

www.fhc.viamedica.pl

duced epithelial–mesenchymal transition. OncoTargets and 
Therapy. 2018; Volume 12: 279–289, doi: 10.2147/ott.s172417.

10.	 Zhou JH, Cai JJ, She ZG, et al. Noninvasive evaluation  
of nonalcoholic fatty liver disease: Current evidence and 
practice. World J Gastroenterol. 2019; 25(11): 1307– 
–1326, doi: 10.3748/wjg.v25.i11.1307, indexed in Pubmed: 
30918425.

11.	 Mikolasevic I, Orlic L, Franjic N, et al. Transient elastogra-
phy (FibroScan(®)) with controlled attenuation parameter in 
the assessment of liver steatosis and fibrosis in patients with 
nonalcoholic fatty liver disease - Where do we stand? World 
J Gastroenterol. 2016; 22(32): 7236–7251, doi: 10.3748/wjg.
v22.i32.7236, indexed in Pubmed: 27621571.

12.	 Kempiński R, Neubauer K, Wieczorek S, et al. 13C-Methace-
tin Breath Testing in Patients with Non-Alcoholic Fatty Liver 
Disease. Adv Clin Exp Med. 2016; 25(1): 77–81, doi: 10.17219/
acem/60878, indexed in Pubmed: 26935501.

13.	 Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis 
and management of non-alcoholic fatty liver disease: prac-
tice Guideline by the American Association for the Study of 
Liver Diseases, American College of Gastroenterology, and 
the American Gastroenterological Association. Hepatology. 
2012; 55: 2005-2013, doi: 10.1053/j.gastro.2012.04.001; in-
dexed in Pubmed: 22488764.

14.	 Okita K, Iwahashi H, Kozawa J, et al. Homeostasis model as-
sessment of insulin resistance for evaluating insulin sensitivity 
in patients with type 2 diabetes on insulin therapy. Endocrine 
Journal. 2013; 60(3): 283–290, doi: 10.1507/endocrj.ej12-0320.

15.	 Executive Summary of the Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation, and Treatment of High Blood Cholesterol 
in Adults (Adult Treatment Panel III) JAMA. 2001; 285(19): 
2486–2497, doi: 10.1001/jama.285.19.2486.

16.	 Kleiner D, Brunt E, Natta MV, et al. Design and validation 
of a histological scoring system for nonalcoholic fatty liver 
disease. Hepatology. 2005; 41(6): 1313–1321, doi: 10.1002/
hep.20701.

17.	 Bedossa P, Poynard T. An algorithm for the grading of ac-
tivity in chronic hepatitis C. The METAVIR Cooperative 
Study Group. Hepatology. 1996; 24(2): 289–293, doi: 10.1002/
hep.510240201, indexed in Pubmed: 8690394.

18.	 Remmele W, Schicketanz KH. Immunohistochemical de-
termination of estrogen and progesterone receptor content 
in human breast cancer. Computer-assisted image analysis 
(QIC score) vs. subjective grading (IRS). Pathol Res Pract. 
1993; 189(8): 862–866, doi: 10.1016/S0344-0338(11)81095-2, 
indexed in Pubmed: 8302707.

19.	 Bataller R, Brenner DA. Liver fibrosis. J Clin Invest. 2005; 
115(2): 209–218, doi: 10.1172/JCI24282, indexed in Pubmed: 
15690074.

20.	 Tanaka T. A mechanistic link between renal ischemia and 
fibrosis. Med Mol Morphol. 2017; 50(1): 1–8, doi: 10.1007/
s00795-016-0146-3, indexed in Pubmed: 27438710.

21.	 Frohlich ED. Fibrosis and ischemia: the real risks in hyper-
tensive heart disease. Am J Hypertens. 2001; 14(6 Pt 2): 
194S–199S, doi: 10.1016/s0895-7061(01)02088-x, indexed in 
Pubmed: 11411756.

22.	 Martin P, Nunan R. Cellular and molecular mechanisms of 
repair in acute and chronic wound healing. Br J Dermatol. 
2015; 173(2): 370–378, doi: 10.1111/bjd.13954, indexed in 
Pubmed: 26175283.

23.	 Stubblefield MD. Clinical Evaluation and Management of 
Radiation Fibrosis Syndrome. Phys Med Rehabil Clin N Am. 

2017; 28(1): 89–100, doi: 10.1016/j.pmr.2016.08.003, indexed 
in Pubmed: 27913002.

24.	 Bacmeister L, Schwarzl M, Warnke S, et al. Inflammation and 
fibrosis in murine models of heart failure. Basic Res Cardiol. 
2019; 114(3): 19, doi: 10.1007/s00395-019-0722-5, indexed in 
Pubmed: 30887214.

25.	 Pérez L, Muñoz-Durango N, Riedel CA, et al. Endotheli-
al-to-mesenchymal transition: Cytokine-mediated pathways 
that determine endothelial fibrosis under inflammatory con-
ditions. Cytokine Growth Factor Rev. 2017; 33: 41–54, doi: 
10.1016/j.cytogfr.2016.09.002, indexed in Pubmed: 27692608.

26.	 Walton KL, Johnson KE, Harrison CA. Targeting TGF-b 
Mediated SMAD Signaling for the Prevention of Fibrosis. 
Front Pharmacol. 2017; 8: 461, doi: 10.3389/fphar.2017.00461, 
indexed in Pubmed: 28769795.

27.	 Biernacka A, Dobaczewski M, Frangogiannis NG. TGF-b sig-
naling in fibrosis. Growth Factors. 2011; 29(5): 196–202, doi: 
10.3109/08977194.2011.595714, indexed in Pubmed: 21740331.

28.	 Isaka Y. Targeting TGF-b Signaling in Kidney Fibrosis. Int  
J Mol Sci. 2018; 19(9), doi: 10.3390/ijms19092532, indexed in 
Pubmed: 30150520.

29.	 Fernandez IE, Eickelberg O. The impact of TGF-b on lung 
fibrosis: from targeting to biomarkers. Proc Am Thorac Soc. 
2012; 9(3): 111–116, doi: 10.1513/pats.201203-023AW, in-
dexed in Pubmed: 22802283.

30.	 Xie F, Ling Li, van Dam H, et al. TGF-b signaling in can-
cer metastasis. Acta Biochim Biophys Sin (Shanghai). 2018; 
50(1): 121–132, doi: 10.1093/abbs/gmx123, indexed in Pu-
bmed: 29190313.

31.	 Rotman Y, Sanyal AJ. Current and upcoming pharmaco-
therapy for non-alcoholic fatty liver disease. Gut. 2017; 
66(1): 180–190, doi: 10.1136/gutjnl-2016-312431, indexed in 
Pubmed: 27646933.

32.	 Dulai PS, Singh S, Patel J, et al. Increased risk of mortality by 
fibrosis stage in nonalcoholic fatty liver disease: Systematic re-
view and meta-analysis. Hepatology. 2017; 65(5): 1557–1565, 
doi: 10.1002/hep.29085, indexed in Pubmed: 28130788.

33.	 Ekstedt M, Hagström H, Nasr P, et al. Fibrosis stage is the 
strongest predictor for disease-specific mortality in NAFLD 
after up to 33 years of follow-up. Hepatology. 2015; 61(5): 1547–
–1554, doi: 10.1002/hep.27368, indexed in Pubmed: 25125077.

34.	 Farrington C, Novak D, Liu C, et al. Immunohistochemical 
localization of transforming growth factor b-1 and its relation-
ship with collagen expression in advanced liver fibrosis due 
to biliary atresia. Clin Exp Gastroenterol. 2010; 3: 185–191, 
doi: 10.2147/CEG.S14220, indexed in Pubmed: 21694865.

35.	 Sedlaczek N, Jia JD, Bauer M, et al. Proliferating bile duct 
epithelial cells are a major source of connective tissue growth 
factor in rat biliary fibrosis. Am J Pathol. 2001; 158(4): 
1239–1244, doi: 10.1016/S0002-9440(10)64074-6, indexed in 
Pubmed: 11290541.

36.	 Angulo P, Hui JM, Marchesini G, et al. The NAFLD fibrosis 
score: a noninvasive system that identifies liver fibrosis in pa-
tients with NAFLD. Hepatology. 2007; 45(4): 846–854, doi: 
10.1002/hep.21496, indexed in Pubmed: 17393509.

37.	 Vilar-Gomez E, Chalasani N. Non-invasive assessment of 
non-alcoholic fatty liver disease: Clinical prediction rules and 
blood-based biomarkers. J Hepatol. 2018; 68(2): 305–315, doi: 
10.1016/j.jhep.2017.11.013, indexed in Pubmed: 29154965.

38.	 Orasan OH, Ciulei G, Cozma A, et al. Hyaluronic acid as 
a biomarker of fibrosis in chronic liver diseases of different 
etiologies. Clujul Med. 2016; 89(1): 24–31, doi: 10.15386/
cjmed-554, indexed in Pubmed: 27004022.

http://dx.doi.org/10.2147/ott.s172417
http://dx.doi.org/10.3748/wjg.v25.i11.1307
https://www.ncbi.nlm.nih.gov/pubmed/30918425
http://dx.doi.org/10.3748/wjg.v22.i32.7236
http://dx.doi.org/10.3748/wjg.v22.i32.7236
https://www.ncbi.nlm.nih.gov/pubmed/27621571
http://dx.doi.org/10.17219/acem/60878
http://dx.doi.org/10.17219/acem/60878
https://www.ncbi.nlm.nih.gov/pubmed/26935501
http://dx.doi.org/10.1053/j.gastro.2012.04.001
http://dx.doi.org/10.1507/endocrj.ej12-0320
http://dx.doi.org/10.1001/jama.285.19.2486
http://dx.doi.org/10.1002/hep.20701
http://dx.doi.org/10.1002/hep.20701
http://dx.doi.org/10.1002/hep.510240201
http://dx.doi.org/10.1002/hep.510240201
https://www.ncbi.nlm.nih.gov/pubmed/8690394
http://dx.doi.org/10.1016/S0344-0338(11)81095-2
https://www.ncbi.nlm.nih.gov/pubmed/8302707
http://dx.doi.org/10.1172/JCI24282
https://www.ncbi.nlm.nih.gov/pubmed/15690074
http://dx.doi.org/10.1007/s00795-016-0146-3
http://dx.doi.org/10.1007/s00795-016-0146-3
https://www.ncbi.nlm.nih.gov/pubmed/27438710
http://dx.doi.org/10.1016/s0895-7061(01)02088-x
https://www.ncbi.nlm.nih.gov/pubmed/11411756
http://dx.doi.org/10.1111/bjd.13954
https://www.ncbi.nlm.nih.gov/pubmed/26175283
http://dx.doi.org/10.1016/j.pmr.2016.08.003
https://www.ncbi.nlm.nih.gov/pubmed/27913002
http://dx.doi.org/10.1007/s00395-019-0722-5
https://www.ncbi.nlm.nih.gov/pubmed/30887214
http://dx.doi.org/10.1016/j.cytogfr.2016.09.002
https://www.ncbi.nlm.nih.gov/pubmed/27692608
http://dx.doi.org/10.3389/fphar.2017.00461
https://www.ncbi.nlm.nih.gov/pubmed/28769795
http://dx.doi.org/10.3109/08977194.2011.595714
https://www.ncbi.nlm.nih.gov/pubmed/21740331
http://dx.doi.org/10.3390/ijms19092532
https://www.ncbi.nlm.nih.gov/pubmed/30150520
http://dx.doi.org/10.1513/pats.201203-023AW
https://www.ncbi.nlm.nih.gov/pubmed/22802283
http://dx.doi.org/10.1093/abbs/gmx123
https://www.ncbi.nlm.nih.gov/pubmed/29190313
http://dx.doi.org/10.1136/gutjnl-2016-312431
https://www.ncbi.nlm.nih.gov/pubmed/27646933
http://dx.doi.org/10.1002/hep.29085
https://www.ncbi.nlm.nih.gov/pubmed/28130788
http://dx.doi.org/10.1002/hep.27368
https://www.ncbi.nlm.nih.gov/pubmed/25125077
http://dx.doi.org/10.2147/CEG.S14220
https://www.ncbi.nlm.nih.gov/pubmed/21694865
http://dx.doi.org/10.1016/S0002-9440(10)64074-6
https://www.ncbi.nlm.nih.gov/pubmed/11290541
http://dx.doi.org/10.1002/hep.21496
https://www.ncbi.nlm.nih.gov/pubmed/17393509
http://dx.doi.org/10.1016/j.jhep.2017.11.013
https://www.ncbi.nlm.nih.gov/pubmed/29154965
http://dx.doi.org/10.15386/cjmed-554
http://dx.doi.org/10.15386/cjmed-554
https://www.ncbi.nlm.nih.gov/pubmed/27004022


83TGF-b1 expression in fatty liver disease

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2019
10.5603/FHC.a2019.0008

www.fhc.viamedica.pl

39.	 Santos VN, Leite-Mór MMB, Kondo M, et al. Serum laminin, 
type IV collagen and hyaluronan as fibrosis markers in non-al-
coholic fatty liver disease. Braz J Med Biol Res. 2005; 38(5): 
747–753, doi: 10.1590/s0100-879x2005000500012, indexed in 
Pubmed: 15917956.

40.	 Sowa JP, Atmaca Ö, Kahraman A, et al. Non-invasive separa-
tion of alcoholic and non-alcoholic liver disease with predic-
tive modeling. PLoS One. 2014; 9(7): e101444, doi: 10.1371/
journal.pone.0101444, indexed in Pubmed: 24988316.

41.	 Halfon P, Bourlière M, Pénaranda G, et al. Accuracy  
of hyaluronic acid level for predicting liver fibrosis stages  
in patients with hepatitis C virus. Comp Hepatol. 2005; 4:  
6, doi: 10.1186/1476-5926-4-6, indexed in Pubmed:  
16008833.

42.	 Chen S, Feng T, Vujić Spasić M, et al. Transforming Growth 
Factor b1 (TGF-b1) Activates Hepcidin mRNA Expression 

in Hepatocytes. J Biol Chem. 2016; 291(25): 13160–13174, 
doi: 10.1074/jbc.M115.691543, indexed in Pubmed: 27129231.

43.	 Ganz T, Nemeth E. Hepcidin and iron homeostasis. Biochim 
Biophys Acta. 2012; 1823(9): 1434–1443, doi: 10.1016/j.bbam-
cr.2012.01.014, indexed in Pubmed: 22306005.

44.	 Sangkhae V, Nemeth E. Regulation of the Iron Homeostat-
ic Hormone Hepcidin. Adv Nutr. 2017; 8(1): 126–136, doi: 
10.3945/an.116.013961, indexed in Pubmed: 28096133.

45.	 Han CY, Koo JaH, Kim SH, et al. Hepcidin inhibits Smad3 
phosphorylation in hepatic stellate cells by impeding ferropor-
tin-mediated regulation of Akt. Nat Commun. 2016; 7: 13817, 
doi: 10.1038/ncomms13817, indexed in Pubmed: 28004654.

46.	 Browning JD, Szczepaniak LS, Dobbins R, et al. Prevalence of 
hepatic steatosis in an urban population in the United States: 
impact of ethnicity. Hepatology. 2004; 40(6): 1387–1395, doi: 
10.1002/hep.20466, indexed in Pubmed: 15565570.

Submitted: 11 April, 2019 
Accepted after reviews: 24 May, 2019 

Available as AoP: 12 June, 2019

http://dx.doi.org/10.1590/s0100-879x2005000500012
https://www.ncbi.nlm.nih.gov/pubmed/15917956
http://dx.doi.org/10.1371/journal.pone.0101444
http://dx.doi.org/10.1371/journal.pone.0101444
https://www.ncbi.nlm.nih.gov/pubmed/24988316
http://dx.doi.org/10.1186/1476-5926-4-6
https://www.ncbi.nlm.nih.gov/pubmed/16008833
http://dx.doi.org/10.1074/jbc.M115.691543
https://www.ncbi.nlm.nih.gov/pubmed/27129231
http://dx.doi.org/10.1016/j.bbamcr.2012.01.014
http://dx.doi.org/10.1016/j.bbamcr.2012.01.014
https://www.ncbi.nlm.nih.gov/pubmed/22306005
http://dx.doi.org/10.3945/an.116.013961
https://www.ncbi.nlm.nih.gov/pubmed/28096133
http://dx.doi.org/10.1038/ncomms13817
https://www.ncbi.nlm.nih.gov/pubmed/28004654
http://dx.doi.org/10.1002/hep.20466
https://www.ncbi.nlm.nih.gov/pubmed/15565570


FOLIA HISTOCHEMICA
ET CYTOBIOLOGICA
Vol. 57, No. 2, 2019
pp. 84–93

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2019
10.5603/FHC.a2019.0010

www.fhc.viamedica.pl

ORIGINAL PAPER

Correspondence address: J. Kiewisz, PhD
Department of Human Histology and Embryology, School of Medicine, Collegium Medicum, University of Warmia and Mazury 
in Olsztyn, Warszawska 30, 10–082 Olsztyn, Poland; phone (+48) 89 524 53 10, e-mail: jolanta.kiewisz@uwm.edu.pl

WNT5A gene and protein expression  
in endometrial cancer

Tomasz Wasniewski1, Jacek Kiezun2, Bartlomiej E. Krazinski2, Anna E. Kowalczyk2,  
Blazej Szostak3, Piotr M. Wierzbicki4, Jolanta Kiewisz2

1Department of Obstetrics, Perinatology and Gynecology, School of Medicine, Collegium Medicum, 
University of Warmia and Mazury in Olsztyn, Olsztyn, Poland
2Department of Human Histology and Embryology, School of Medicine, Collegium Medicum,  
University of Warmia and Mazury in Olsztyn, Olsztyn, Poland 
3Department of Pathomorphology, Regional Specialist Hospital, Olsztyn, Poland
4Department of Histology, Medical University of Gdansk, Gdansk, Poland

Abstract
Introduction. WNT5A (Wnt family member 5A) belongs to the WNT family of secreted signaling glycoproteins 
that play essential role in developmental, physiological and pathological processes. WNT5A was shown to 
take part in carcinogenesis process playing both oncogenic and suppressor functions in various types of human 
malignancies. This study aimed to assess the expression of the WNT5A gene at the mRNA and protein levels 
in the specimens derived from endometrial cancer (EC) or unchanged control endometrium. The associations 
between the WNT5A expression levels and clinicopathological characteristics and survival of EC patients were 
evaluated.
Materials and methods. Total RNA was isolated in order to assess the relative amounts of WNT5A mRNA by 
quantitative polymerase chain reaction (QPCR) in samples of unchanged endometrial control (n = 8) and tumor 
samples of EC patients (n = 28). Immunohistochemistry (IHC) was used to determine the presence of WNT5A 
protein in the sections of formalin-fixed, paraffin-embedded tissue specimens derived from unchanged endome-
trial controls (n = 6) and EC tumors (n = 19). Significance of differences in WNT5A expression levels between 
the studied groups of EC patients and correlations between the WNT5A and demographic data, pathological 
features, hematological parameters and overall survival of the patients were evaluated by statistical analysis.
Results. The level of WNT5A mRNA was decreased in EC in comparison to unchanged endometrium. WNT5A 
expression was associated with primary tumor invasion status exhibiting reduced level of transcripts in EC that 
involved organs beyond the uterus when compared to the uterus-confined cancers. WNT5A immunoreactivity 
was visualized in the cytoplasm and nuclei of EC cells as well as in the luminal and glandular epithelial cells of 
unchanged endometrium. WNT5A mRNA expression levels correlated negatively with cytoplasmic, and positively 
with nuclear immunoreactivity of the WNT5A protein in the EC cells. In addition, the relationships between 
blood leucocyte count (in particular granulocytes and lymphocytes) of patients with EC and their WNT5A mRNA 
and protein expression levels were established. A positive correlation between the nuclear immunoexpression 
of WNT5A protein in the cancer cells in cell nuclei and mean platelet volume in blood was also found.
Conclusions. The results of the first study of WNT5A expression at the transcript and protein levels indicate 
that it could be considered as a potential marker of molecular changes that take place during EC development. 
(Folia Histochemica et Cytobiologica 2019, Vol. 57, No. 2, 84–93)
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Introduction

Endometrial cancer (EC) is the most common gyne-
cological neoplasm diagnosed in developed countries, 
the fourth most common cancer in women after 
breast, lung, and colorectal cancer. Its incidence is 
increasing [1]. Exposure to endogenous and exoge-
nous estrogens associated with obesity, diabetes, early 
onset of menarche, nulliparity, late onset of meno-
pause, older age (≥ 55 years) and use of tamoxifen, 
are considered as the main risk factors leading to EC 
development [2, 3]. Patients are often diagnosed when 
the disease is still limited to the uterus, what results 
in a good prognosis. Thus, the 5-year overall survival 
(OS) for EC varies from 74% to 91% in non-meta-
static patients [4]. 

Major diagnostic and prognostic problems of EC 
assessment are often associated with histopathological 
evaluation. According to WHO classification, seven 
subtypes of EC can be distinguished [5]. The most 
common subtype of EC is an endometrial endometri-
oid adenocarcinoma (EEAC), classified as type I or 
estrogen-dependent cancer [6]. Endometrial serous 
adenocarcinoma (ESC) and clear cell endometrial 
carcinoma (ccEC), aggressive neoplasia carrying  
a poor prognosis, are estrogen-independent and 
are classified as Type II [6]. Several research teams 
have defined immunohistochemical and/or mutation 
profiles to aid in distinguishing EC subtypes [7–9]. 
However, classification of EC by histomorphological 
criteria has a limited reproducibility and is not accu-
rate or precise enough to effectively triage patients 
into optimal treatment groups. Thus, there is a ne-
cessity to develop better diagnostic and prognostic 
markers that could improve the histopathological 
examination [10] and would provide more biologically 
informative data from endometrial tumors that could 
assist in planning the optimal course of treatment for 
the affected individuals.

The WNT family consists of 19 secreted glyco-
proteins which participate in organogenesis during 
the fetal life as well as in physiological and patho-
logical states postnatally [11]. Intracellular signal 
transduction pathways regulated by WNT proteins 
result in cell proliferation, differentiation, migration, 
adhesion and change of cell polarity [11]. The con-
servatively preserved WNT5A (Wnt family member 
5A) protein is crucial for prenatal development, and 
its absence causes intrauterine fetal death associated 
with developmental defects [12]. Alternative splicing 
results in the formation of WNT5A protein isoforms 
[13] which can fulfill both oncogenic and suppres-
sor functions in the process of carcinogenesis [14]. 

Moreover, WNT5A influences the cancer stem cell 
population and tumor microenvironment. It is an 
important molecule for the regulation of cellular se-
nescence, epithelial-mesenchymal transition (EMT), 
metastasis, tumor cell metabolism and chemotherapy 
resistance of cancer cells in various cancer types [15]. 
The expression of the WNT family members, includ-
ing WNT5A, in EC was evaluated by Bui et al. [16]; 
however, they analyzed only a very small group of 
patients with EC. Therefore, the present study was 
designed and performed to analyze and compare the 
expression of the WNT5A gene in unchanged endo-
metrial control and tumor samples of EC patients at 
both mRNA and protein levels by the use of quan-
titative PCR (QPCR) and immunohistochemistry 
(IHC), respectively. We correlated the obtained data 
with clinicopathological features of the patients as 
well as with the OS to assess whether the evaluation 
of WNT5A gene or protein expression can provide 
a new diagnostic and/or prognostic marker in EC. 

Material and methods

Patients. After receiving institutional review board ap-
proval, patients were recruited at Division of Gynecol-
ogy and Obstetrics and Gynecology Oncology Center at  
The Regional Specialist Hospital in Olsztyn, Faculty of 
Medicine, University of Warmia and Mazury in Olsztyn, 
Poland. All participants provided written informed consent 
for tissue and blood sample donation. The control group 
(n = 8) included women (age: 47 ± 7.63, mean ± SD;  
BMI 18.5–25, n = 4; BMI 25–30, n = 2; BMI > 30,  
n = 2), subjected to diagnostic curettage of the uterus and 
surgery, in which histopathological examination of EC and 
endometrial hyperplasia (hyperplasia simplex and complex, 
without atypia and with atypia) proved to be negative. The EC 
group (n = 28) included women (age: 66.95 ± 10.38, mean 
± SD; BMI 18.5–25, n = 3; BMI 25–30, n = 7; BMI > 30,  
n = 18) with histologically diagnosed EC of the uterus, 
detected by diagnostic curettage of the uterine cavity and 
treated with surgery (hysterectomy, salpingo-oophorectomy, 
cytological peritoneal washing and brushing, and pelvic and 
aortic lymph node dissection). Diagnosis of uterine cancer 
and its status were established by means of clinical, labora-
tory and histopathological evaluation. None of the patients 
received any anticancer therapy before the surgery. Ongoing 
acute illnesses (i.e. infection, non-infectious inflammation, 
cardiovascular events) or disease that had occurred within 
the last 30 days, known active malignancy, long-term estro-
gen therapy, polycystic ovarian syndrome, obesity, diabetes 
mellitus and hypertension as well as drug or alcohol abuse, 
excluded patients from the study. After the surgery, data on 
the OS were collected for all patients.
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Material collection and clinical parameters estimation. 
Blood samples were collected from the fasting patients be-
fore surgery. Blood morphology parameters and activated 
partial thromboplastin time (APTT) were measured using 
Cobas 6000 multianalyzer (Roche Diagnostics Ltd., Basel, 
Switzerland).

Tissue samples (5 × 5 × 5 mm) were taken from areas of 
endometrial tumors without blood-cysts, hemorrhage or ne-
crosis which could disturb further molecular assays. Multiple 
sample blocks were taken from the same tumor-suspected 
area to compensate for eventual tumor heterogeneity. The 
samples were snap-frozen in liquid-nitrogen immediately 
after excision and stored at –80°C for mRNA isolation and 
further molecular studies. Tissue sections for routine diag-
nostic pathomorphological assessment and IHC were fixed 
in a 10% neutral-buffered formalin. After 12 h sections were 
dehydrated in a graded ethanol series (50–96%), cleared 
in xylene and embedded in paraffin for further processing. 

Tumor phenotype classification. The criteria of TNM system 
following American Joint Committee on Cancer (AJCC) 
were adopted to establish primary tumor status [17]. Patients 
classified as T1a (n = 10) and T1b (n = 6), T2 (n = 7) and 
T3 (n = 5) were considered. Subsequently, the patients were 
grouped depending on: the depth of myometrium invasion as 
less or more than halfway (n = 12 and n = 16, respectively), 
uterine cervix infiltration as negative and positive (n = 14 
and n = 14, respectively) and uterus-limited tumor growth 
or involvement of other organs by direct extension beyond 
the uterus (n = 23 and n = 5, respectively). Pathomorpho-
logical assessment was based on a routine light microscopy 
evaluation. Malignancy grade was assessed according to 
the International Federation of Gynecology and Obstetrics 
(FIGO) system [18], as low grade (G1; n = 2), moderate 
grade (G2; n = 19), and high grade (G3; n = 7). Grades 1 
and 2 were grouped together (named further G2). The ab-
sence (n = 15) or presence (n = 13) of endometrial fibroids 
(myomas) were also recorded for each patient.

Total RNA isolation and Real time PCR. Endometrial 
tissues were homogenized using MagNA Lyser Instrument 
and MagNA Lyser Green Beads (Roche Molecular Systems, 
Inc., Pleasanton, CA, USA). Extraction of total RNA was 
conducted using mirVana Isolation Kit (Ambion; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), according to 
the protocol provided by manufacturers. The quality and 
quantity of isolated RNA was estimated with NanoDrop 
1000 spectrophotometer (Thermo Fisher Scientific, Inc.). 
Obtained RNA samples were stored at –80°C until further 
analysis. The reverse transcription was conducted according 
to the protocol of HighCapacity cDNA Reverse Transcrip-
tion Kit (Applied Biosystem; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). Quantification of WNT5A and pep-
tidylprolyl isomerase A (PPIA) cDNA in collected samples 

(Hs00998537_m1 and Hs99999904_m1) was carried out 
using ABI 7500 Fast Real-Time PCR System and TaqMan® 
Fast Advanced Master Mix (all: Applied Biosystem; Ther-
mo Fisher Scientific, Inc.) according to the manufacturer’s 
instructions, and using the following conditions: polymer-
ase activation for 20 sec at 95°C, followed by 40 cycles of 
denaturation at 95°C for 3 sec and annealing/extension at 
60°C for 30 sec. All samples were quantified in duplicate. 
No template control reactions were performed for each 
QPCR run. Standard curves consisting of serial dilutions of 
the appropriate cDNA were used to control the efficiency 
of QPCR. Relative quantification of WNT5A expression 
was evaluated using the ddCt method [19]. Quantified gene 
had the Ct normalized against PPIA expression (dCt) as the 
reference [20]. 

Immunohistochemistry. Formalin-fixed, paraffin-embedded 
blocks of unchanged (control) endometrium obtained from 
6 patients without EC, and fragments of tumor samples  
from 19 patients with EC, were cut into 5 μm-thick sections, 
soaked in xylene and rehydrated in a series of decreasing 
ethanol dilutions (96–50%). Antigen retrieval was carried 
out using Epitope Retrieval Solution (pH 6; Dako; Agilent 
Technologies Inc., Santa Clara, CA, USA), microwaving for 
12 min at 97°C. Endogenous peroxide activity was blocked 
in a solution of 3% hydrogen peroxide in methanol for 
10 min at room temperature (RT). Tissue sections were 
incubated with 2.5% normal horse serum (NHS; Vector 
Laboratories; Maravai Life Sciences, Inc., Chicago, IL, 
USA) in buffer containing 0.1 M PBS and 3% bovine serum 
albumin (BSA; Sigma-Aldrich; Merck, KGaA, Darmstadt, 
Germany) for 30 min at RT. Rabbit anti-human WNT5A 
(H-58) antibody (sc-30224; Santa Cruz Biotechnology Inc., 
Dallas, TX, USA), were diluted in NGS/PBS/BSA buffer 
(1:100). After overnight incubation at 4°C with primary 
antibody, slides were washed 3 times with PBS containing 
Tween20 (Sigma-Aldrich; Merck, kGa) and incubated for  
30 min at RT with goat anti-rabbit antibody diluted accord-
ing to the protocol provided by manufacturers (ImmPRESS 
Universal reagent Anti-Mouse/Rabbit Ig; Vector Laborato-
ries; Maravai Life Sciences, Inc.). Reaction was visualized 
after short incubation with 3,3’-diaminobenzidine (DAB; 
Liquid DAB + Substrate Chromogen System; Dako; Ag-
ilent Technologies Inc.). After counterstaining in Mayer’s 
hematoxylin (Sigma-Aldrich; Merck, KGaA), dehydration 
in series of alcohol dilutions (50–96%) and mounting in 
DPX medium (Sigma-Aldrich; Merck, KGaA) slides were 
vied using XC-50 camera mounted on Olympus BX-41 
(Olympus Corporation, Tokyo, Japan) light microscope by 
a pathologist who was blinded to the patients’ clinical data. 
Pictures were taken with Panoramic Digital Slide Scanner 
MIDI (3DHistech Ltd., Budapest, Hungary). Negative 
controls were obtained by incubation of sections without 
primary antibody.

https://lifescience.roche.com/en_pl/products/magna-lyser-green-beads.html
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The estimation of WNT5A staining intensity and hetero-
geneity. The classification of intensity and heterogeneity 
of the staining were conducted according to the IRS (im-
munoreactivity score) scale as described by Remmele and 
Stegner [21]. Briefly, the staining intensity was estimated 
as 1 (the weakest), 2 (moderate), or 3 (the most intense). 
Heterogeneity characterized the proportion of positively 
stained tumor cells was evaluated as 0 points, absence of 
cells with positive reaction; 1 point, 1–10%; 2 points, 1–50%;  
3 points, 51–80%; 4 points, > 80% cells with positive reac-
tion by estimation on screening wide areas within each tissue 
section. The obtained values of intensity and heterogeneity 
were multiplied and scored from 0 to 12 points. All cases 
with negative immunoreactivity were scored as 0.

Statistical analysis. All statistical analyses were conducted 
using GraphPad PRISM v. 6.0 software (GraphPad Soft-
ware, Inc., San Diego, CA, USA). Comparisons of WNT5A 
mRNA and immunoreactivity levels in unchanged and endo-
metrial tumor samples were conducted with Mann-Whitney 
tests. Statistical differences of mRNA levels between EC 
tissue groups in respect to: primary tumor status, tumor 
myometrial invasion, infiltration of the tumor on the cervix, 
invasion beyond the uterus, malignancy grade and presence 
of endometrial fibroids (myomas) were examined using 
Kruskal-Wallis and Mann-Whitney tests. All correlations 
of WNT5A gene and protein expression in both studied pa-
tient groups were calculated using a Spearman test. Survival 
curves were plotted according to the Kaplan-Meier method 
and the significance of differences in OS between groups 
of patients was evaluated by the log-rank test. Differences 
were considered to be statistically significant at p value less 
than 0.05.

Results

Characteristics of the patients
Demographic data and blood parameters of control 
and EC patients included in the study are presented 
in Table 1.

WNT5A expression at the mRNA level in EC 
In both control and EC samples, the presence 
of WNT5A mRNA was observed. Samples with  
WNT5A expression ratio below 1.0 were considered 
as down-regulated and those with ratio above 1.0 us 
up-regulated. The WNT5A transcript level was de-
creased in 24/28 (85.72%) and was elevated in 4/28 
(14.28%) patients with EC. The mean WNT5A gene 
expression was reduced in EC patients compared to 
control group (p < 0.0001; Fig. 1A). 

WNT5A mRNA levels were significantly lower in 
the group of patients characterized by tumor inva-
sion beyond the uterus when compared to the uter-

us-confined EC samples (p < 0.05; Fig. 1E). WNT5A 
expression also tended to correlate with the depth 
of myometrial invasion exhibiting lower transcript 
level in tumors that have grown deeper than halfway 
through the myometrium as compared to those which 
invaded less than the half of myometrium thickness, 
but this difference was not confirmed by the statistics 
(p = 0.06; Fig. 1C). There were no statistically signif-
icant associations between the WNT5A mRNA levels 
and primary tumor status (established as T1a, T1b, T2 
and T3; Fig. 1B), infiltration of the tumor on the cervix 
(absent or present; Fig. 1D), malignancy grade (G2 
and G3; Fig. 1F) and occurrence of uterine fibroids 
(absent or present; Fig. 1G).

The immunoreactivity of the WNT5A protein  
in control and EC tissue
Tissue samples of 6 control and 19 EC patients pre-
viously analyzed for their WNT5A mRNA expression 
levels were subjected to IHC in order to assess the 
immunoexpression of WNT5A protein in the normal 
endometrium and EC cancer cells.

Representative microphotographs of IHC pre-
senting the location of WNT5A protein in the control 
endometrium and tumor tissue of EC patients are 

Table 1. Demographic data and blood parameters of the 
studied cohort of patients

Units Control Endometrial cancer

N 8 28

Age years 047 ± 7.63 66.95 ± 10.38

BMI kg/m 27.88 ± 5.920 31.39 ± 5.470

RBC 106/μl 4.57 ± 0.50 4.77 ± 0.45

Hb g/dl 12.16 ± 1.890 13.86 ± 1.360

Ht % 38.28 ± 4.630 41.88 ± 3.170

WBC 103/μl 7.18 ± 1.60 7.36 ± 2.14

Granulocytes % 63.59 ± 7.100 60.32 ± 8.740

Neutrophils % 61.34 ± 8.080 57.95 ± 9.260

Eosinophils % 01.6 ± 0.73 1.94 ± 1.28

Basophils % 0.52 ±0.260 0.43 ± 0.26

Lymphocytes % 28.46 ± 6.070 30.46 ± 7.830

Monocytes % 5.79 ± 1.06 6.49 ± 1.81

Platelets 103/μl 296.4 ± 78.52 229.9 ± 60.26

MPV fl 10.5 ± 0.96 10.93 ± 0.780

APTT s 26.47 ± 1.750 27.49 ± 3.610

The results are presented as means ± SD. Abbreviations: BMI — Body 
Mass Index; RBC — Red Blood Cells; Hb — Hemoglobin; Ht — He-
matocrit; WBC — White Blood Cells; MPV — Mean Platelet Volume; 
APTT — Activated Partial Thromboplastin Time
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shown in Figure 2. The figures presenting negative 
control samples were not shown.

The histologically-unchanged endometrial frag-
ments showed dominant, strong, homogenous positive 
WNT5A immunoreactivity in the cytoplasm and, 
sporadically, in the nuclei of epithelial cells, whereas 

in tumor tissue, WNT5A protein staining were mainly 
present in the nuclei of cancer cells. When control and 
EC tissue sections were compared, qualitative differ-
ences between the immunoreactivity in cytoplasmic 
and nuclear compartments were observed (Fig. 2). 
However, there were no quantitative alterations of 
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Figure 1. Quantitative Real-time PCR analysis was used to compare WNT5A gene expression in tumor tissue of patients with 
endometrial cancer (EC) and normal endometrial tissue (control). WNT5A mRNA levels in control endometrial samples  
(n = 8) and EC samples (n = 28) (A). Comparison of the WNT5A mRNA level in a control endometrial samples and samples 
of EC patients depending on the primary tumor status (B), tumor myometrial invasion (C), absence (0) or presence (1) of 
tumor infiltration on the cervix (D), presence at the area or beyond the uterus (E), grade (F), absence (0) or presence (1) 
of endometrial fibroids (G). Gene expression data were normalized against PPIA mRNA levels and presented as WNT5A 
gene expression ratios ± SD as described in Methods.
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WNT5A immunoreactivity in cytoplasm and nuclear 
compartments between the unchanged endometrium 
and EC samples (p > 0.05; Fig. 3 A and B, respectively).

WNT5A protein immunoexpression measured 
on the basis of the IRS scale in the cytoplasmic and 
nuclear compartments of EC cells did not correlate 
with clinicopathological characteristics of the patients 
(data not showed).

Correlations between WNT5A mRNA levels  
and WNT5A protein immunoreactivity  
in the cytoplasm and nuclei of tumor cells
A negative correlation was observed between WNT5A 
mRNA expression and protein immunoexpression in 
the cytoplasm of EC cells (Rho = –0.55; p < 0.05). In 
contrast, a positive correlation was observed between 
the WNT5A transcript levels in EC tumor samples and 

Figure 2. Representative examples of WNT5A protein immunoreactivity in normal endometrium (A, B) and endometrial can-
cer (EC) samples depending on the degree of histological differentiation; endometrium at grade 2 (C, D) and grade 3 (E, F)  
of EC progression. The immunohistochemical reactions were performed as described in Methods. 
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Figure 3. Quantitative analysis of the immunoreactivity of WNT5A protein in cytoplasmic (A) and nuclear (B) compartments 
of control endometrium (n = 6) and endometrial cancer (EC) samples (n = 19). The immunoreactivity score (IRS) values 
are shown as mean ± SD.
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WNT5A immunoreactivity in the nuclei of cancer cells 
(Rho = 0.60; p < 0.01). 

Correlations between blood parameters  
and WNT5A mRNA expression levels and protein 
immunoreactivity in EC specimens
In patients with EC, WNT5A gene expression corre-
lated positively with the count of leukocytes (WBCs;  
p < 0.05) and the percentage of granulocytes  
(p < 0.05), and negatively with the percentage of 
lymphocytes in blood (p < 0.5; Table 2). 

In patients with EC, we observed negative correlation 
between the cytoplasmic immunoreactivity of the WNT5A  
protein and percentage of granulocytes (p < 0.01) or 
neutrophils (p < 0.01) in blood when the protein in the 
cytoplasm of EC cells was concerned (Table 2). The 
percentage of lymphocytes in blood positively correlated 
with the immunoreactivity of WNT5A in the cytoplasm 
of EC cells (p < 0.01; Table 2). Mean platelet volume 
(MPV) was the only blood parameter which positively 
correlated with WNT5A protein immunoreactivity in the 
nuclei of EC cells (p < 0.05). No correlations with age, 
BMI as well as or other estimated blood parameters such 
as RBC, WBC and platelets counts, types of leukocytes, 
hemoglobin (Hb), hematocrit (Ht), MPV and APTT, 
were found when nuclear localization of WNT5A was 
considered in EC patients (Table 2).

Correlations between WNT5A gene and protein 
expression and OS of patients with EC
The evaluation of the WNT5A gene expression level as  
a prognostic factor in the studied group of the patients with 
EC was assessed after the follow up of patients (n = 28)  
and the median observation period was 59 months. 
During the observation period 25% (n = 7) patients 
died. We found a significant correlation between the 
tumor grade and OS of the patients (p < 0.001; Fig. 4A). 

In order to investigate associations between OS 
and WNT5A expression EC specimens were divided 
into the respective cohorts. Based on the median 
WNT5A mRNA relative expression (RQ = 0.495) 
the patients were divided into two groups regarded as  
< 0.495 (n = 14) and > 0.495 (n = 14). Consequently, 
the patients were dichotomously divided on the basis 
of their median value for the cytoplasmic (IRS = 4) or 
nuclear (IRS = 6) WNT5A immunoreactivity score. 
We found that the expression level of WNT5A mRNA 
(Fig. 4B) as well as the intensity of cytoplasmic or 
nuclear WNT5A immunoreactivity (Fig. 4C and D, 
respectively) did not correlate with patients’ OS. 

Discussion

There is an urgent need for intense research in the 
field of molecular biology of endometrial tumors in or-

der to detect the molecular markers of carcinogenesis 
process. The present study is the first that used both 
QPCR and IHC techniques to establish WNT5A ex-
pression at the transcript and protein levels in the EC 
tissue. Our study demonstrated that WNT5A mRNA is 
down-regulated in the tumor samples as compared to 
normal endometrial tissue fragments. These findings 
support the study of Bui et al. [16] who investigated 
the expression of seven genes belonging to the WNT 
family in neoplastically-altered and normal endome-
trium by ribonuclease protection assay. Their results 
suggested reduced level of WNT5A expression in EC 
tumor tissue and human EC cell lines [16]. Unfor-
tunately, the study of Bui et al. involved only four 
patients with EC and 11 control cases and its findings 
were neither supported by statistical analysis nor the 
correlations between WNT5A expression and clinico-
pathological parameters [16]. Therefore, our research 
was carried out on a larger cohort of patients and is 
the first study which shows associations between the 
reduced WNT5A expression and increasing invasive 
properties of EC tumors. 

In our cohort of the patients with EC the WNT5A  
gene expression was markedly reduced in the tum-
ors that spread outside the uterus as compared to 
the organ-confined cases. Our results suggest that 

Table 2. Correlations between blood parameters and WNT5A  
mRNA levels and WNT5A protein immunoreactivity in  
cytoplasmic and nuclear compartments of endometrial 
cancer cells

WNT5A
mRNA

WNT5A protein

Cytoplasm Nucleus

Age –0.22 0.18 –0.16

BMI 0.31 –0.39 0.23

RBC –0.01 –0.19 –0.08

Hb –0.15 0.02 –0.19

Ht 0.24 0.05 –0.13

WBC 0.39* –0.36 0.15

Granulocytes 0.42* –0.66** 0.24

Neutrophils 0.32 –0.61** 0.30

Eosinophils –0.03 –0.04 –0.32

Basophils 0.18 0.12 –0.35

Lymphocytes –0.38* 0.67** –0.20

Monocytes –0.09 0.22 0.005

Platelets 0.10 0.006 –0.30

MPV 0.30 –0.07 0.51*

APTT –0.09 –0.18 0.29

Abbreviations as in the legend to Table 1. Asterisks indicate statistical 
significance; *p < 0.5; **p < 0.01).
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Figure 4. Analysis of the overall survival (OS) of patients with endometrial cancer (EC). Kaplan-Meier survival curves of 
EC patients relating to (A) the histological grade of EC tumor (n = 28), (B) levels of WNT5A mRNA (n = 28), (C) cyto-
plasmic (n = 19) and (D) nuclear (n = 19) immunoreactivity of the WNT5A protein. P-values of log-rank test are shown. 

decreased WNT5A mRNA level could also correlate 
with the depth of invasion through myometrium. 
Although these findings could suggest tumor sup-
pressor role of WNT5A in EC, we did not disclose 
any significant relationship between its expression 
levels and overall survival of the patients. Indeed, 
the precise status of the WNT5A gene as a factor that 
might have influenced cancer progression has not 
been established yet and the opposing observations 
in other human tumors imply that role of WNT5A 
protein could be tissue- and/or cancer-specific [14]. 
In the female reproductive system the decreased 
expression of WNT5A was documented in epithelial 
ovarian cancer and this reduction was attributed to 
the hypermethylation of the gene promoter [22]. In 
contrast to the latter study, Peng et al. found that 
WNT5A immunoreactivity was increased in the ovar-
ian cancer cells as compared to benign tumors and 
normal ovarian tissue [23]. Furthermore, elevated 
level of WNT5A protein was associated with shorter 
overall and progression-free survival of the patients 
with ovarian cancer [23]. Also in patients with cervical 
cancer WNT5A expression was found to be either de-
creased [13] or increased [24]. Using QPCR and IHC 
techniques Lin et al. [24] showed that the expression 
of WNT5A mRNA was up-regulated in the primary 

cervical tumors and WNT5A immunoreactivity in 
cancer cells correlated with the occurrence of distant 
metastases and worse prognosis. These discrepancies 
may be partially explained by the findings of Bauer et 
al. [13] who demonstrated that the tumor-promoting 
or tumor-suppressing role of WNT5A in cervical 
cancer can be attributed to the differential expression 
of two WNT5A isoforms that have distinct effects on 
cancer-relevant signaling pathways. 

In our study the immunoreactivity of the WNT5A 
protein was observed not only in the cytoplasm but 
also in the nuclei of EC cells and, to a lesser extent, 
in some epithelial cells of the control endometrial 
tissues. Interestingly, WNT5A transcription can re-
sult in the synthesis of two different isoforms, long 
(380 amino-acids; The Consensus CDS accession 
number: CCDS46850) and short (365 amino-acids; 
CCDS58835) [25] that could be characterized by 
distinct biological activity [13]. The results of in silico 
analysis of their amino-acid sequences using nuclear 
localization signals (NLS) mapper [26] recognized  
a single putative NLS within the N-terminus of long 
WNT5A isoform and lack of it in the short isoform. 
Basing on NLS prediction it could be assumed that 
localization of WNT5A immunoreactivity within the 
cell may differ depending on the type of expressed 
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isoform, with long isoform being directed both to the 
cytoplasm and nucleus and short isoform expressed 
exclusively in the cytoplasm [26]. Therefore, we sug-
gest that the changes in the subcellular localization 
of WNT5A immunoreactivity are associated with 
the altered expression pattern of WNT5A isoforms 
as it was demonstrated in other human cancers such 
as cervical cancer, breast cancer and neuroblastoma 
[13]. The QPCR assay used in our study did not dis-
criminate between the mRNA variants encoding for 
long and short WNT5A isoforms. In our immuno-
histochemical study, we could detect both WNT5A 
protein isoforms, since the applied primary antibody 
recognizes 23–80 aa of the long isoform as well as 
15–72 aa of the short WNT5A isoform, respectively. 
Thus, further studies aiming to determine the ex-
pression of WNT5A isoforms in EC samples could 
clarify whether the possible role of this protein in 
EC pathogenesis is isoform-specific. Furthermore, 
our results showed that WNT5A mRNA correlated 
negatively with cytoplasmic and positively with nucle-
ar WNT5A immunoreactivity levels in EC cells. We 
believe that the latter observation could be, at least 
partially, also elucidated by the analysis of WNT5A 
expression with respect to the expressed variants of 
transcript or isoforms.

Our study revealed that WNT5A mRNA and 
immunoreactivity levels correlated with preoper-
ative counts of white blood cells and MPV. Since 
the correlations with granulocytes and lymphocytes 
count were found for the cytoplasmic but not nuclear 
immunoexpression of WNT5A, its role as secretory 
molecule and modulator of immune processes can be 
considered [15]. Other authors have shown that bio-
markers of inflammation such as elevated neutrophil 
to lymphocyte ratio or platelet to lymphocyte ratio 
are significant prognostic factors in EC and correlate 
with worse prognosis [27]. In our study the lower 
cytoplasmic immunoexpression of WNT5A was pos-
itively associated with lymphocyte and negatively with 
neutrophils counts. This relationships could indicate 
the existence of direct or indirect links between the 
WNT5A expressed in endometrial tumor and inflam-
matory processes. Indeed, WNT5A protein have been 
considered tumor-derived immunomodulator that has 
been shown to influence chemotactic cell migration 
in ovarian cancer cell line SKOV-3 [28] and promote 
differentiation of regulatory T-cells by activation of 
dendritic cells in melanoma [29]. Interestingly, it was 
demonstrated that WNT5A potentiated thromboxane 
A2 mimetic-induced platelet aggregation and there-
fore the secretion of this protein by circulating cancer 
cells might promote metastatic progression suggesting 
that WNT5A can promote tumor progression by its 

interaction with the platelets [30]. It cannot be exclud-
ed that in EC, WNT5A has analogous functions to 
those reported in the aforementioned studies [28–30]. 
However, further experiments are needed to evaluate 
its importance in establishing of tumor microenviron-
ment and blood-borne metastasis. 

In conclusion, the investigations of the WNT5A 
expression in the endometrial cancer suggest that this 
signaling molecule could function in the development 
of this malignancy as tumor suppressor and/or modu-
lator of immune response and could be considered as 
a potential marker in EC. However, the precise role 
of WNT5A in the pathogenesis of endometrial cancer 
must be elucidated in further experiments.
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Abstract
Introduction. A reduced number of interstitial Cajal-like cells (ICLCs) in the gallbladder have been proposed to 
play a role in the pathogenesis of cholelithiasis. Therefore, this prospective study was conducted to investigate the 
relationship between gallbladder contractility and the number of gallbladder ICLCs in patients with cholelithiasis.
Material and methods. Patients admitted to the Department of Hepatobiliary Surgery for cholecystectomy 
were divided into the cholelithiasis (n = 18) and non-cholelithiasis (n = 8) groups based on their clinical data. 
Patients’ clinical data were collected on admission, and B-mode ultrasonography was performed to assess their 
gallbladder contractility. The resected gallbladder specimens were fixed, paraffin sections mounted on slides, 
and the immunofluorescence staining with the anti-human CD-117 and anti-human tryptase antibodies was 
performed to identify ICLSs and mast cells, respectively. The number of ICLCs was counted in 10 high-power 
fields (HPFs) randomly.
Results. Independent sample t-tests revealed differences between the cholelithiasis and non-cholelithiasis groups 
in the number of ICLCs (mean ± standard deviation: 88.61 ± 28.22 vs. 115.89 ± 27.87 per HPFs, P = 0.032) 
and gallbladder contractility (43.94% ± 18.50% vs. 61.00% ± 20.50%, P = 0.046). Pearson and Spearman cor-
relation analyses revealed no significant correlation between the number of ICLCs and gallbladder contractility.
Conclusion. The results suggest that the number of gallbladder ICLCs in the wall of the gallbladder of patients 
with or without cholelithiasis is not a decisive factor affecting gallbladder contractility. (Folia Histochemica et 
Cytobiologica 2019, Vol. 57, No. 2, 94–100)

Key words: cholelithiasis; interstitial Cajal-like cells; mast cells; gallbladder contractility;  
immunofluorescence; ultrasonography

Introduction

Cholelithiasis combined with chronic cholecystitis is 
a common disease that often requires hepatobiliary 
surgery, and its incidence in developing countries is 
approximately 10–15%, with a higher prevalence in 
women [1]. The pathogenesis of gallstones is consid-
ered to be associated with bile cholesterol supersat-
uration, abnormalities in cholesterol nucleation, and 
impaired gallbladder function, which is believed to 

be of great significance. Interstitial Cajal-like cells 
(ICLCs) are thought to be associated with the spon-
taneous rhythmic movements of the gastrointestinal 
tract [2], and they are considered the pacemaker cells 
of slow-wave potential in gastrointestinal smooth 
muscles. The typical ICLCs are elongated, fusiform 
bodies with few processes. Large ones have an oval 
nucleus. Numerous mitochondria can be observed 
in the cytoplasm under an electron microscope; they 
express the c-kit receptor, which can be identified by 
CD117 (c-kit protein) [3]. These cells also exist in the 
gallbladder wall in many species, including humans 
and guinea pigs. It was found that ICLCs are closely 
related to gallbladder function in guinea pigs [4]. In 
recent years, studies conducted in China and abroad 
have shown that the density of ICLCs was significantly 
lower in the gallbladder wall of patients with cholelith-
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iasis than of those without cholelithiasis [5]. Hence, 
it was proposed that the reduced number of ICLCs 
may play a role in the pathogenesis of cholelithiasis.

The aim of this prospective study was to investigate 
the relationship between gallbladder contractility 
and the number of ICLCs in the gallbladder wall of 
patients with cholelithiasis.

Material and methods

Ethical approval. The study was conducted in accordance 
with the moral, ethical, regulatory, and scientific principles 
governing clinical research. All surgical samples were re-
trieved with the approval of the Beijing Hospital ethical 
Committee the Declaration of Helsinki (protocol number 
2016BJYYEC-057-01) and oral informed consent was ob-
tained from the patients.

Subjects. The subjects enrolled in this study were patients 
admitted to the Department of Hepatobiliary Surgery in 
our hospital between December 2016 and March 2017, 
who required cholecystectomy owing to cholelithiasis com-
bined with chronic cholecystitis or other non-cholelithiasis 
reasons. The patients were divided into the cholelithiasis 
and non-cholelithiasis groups, according to their clinical 
characteristics.

Inclusion and exclusion criteria. Inclusion criteria for 
the cholelithiasis group were as follows: 1) patients with 
cholelithiasis with clear indications for surgery and no ob-
vious contraindications; and 2) patients with no history of 
acute cholecystitis in the past 4 weeks.

Inclusion criteria for the non-cholelithiasis group were 
as follows: 1) patients with no history of cholelithiasis 
and cholecystitis (i.e., no gallstones were detected during 
preoperative imaging); and 2) patients who required chol-
ecystectomy because of gallbladder polyps, gallbladder 
adenomyomatosis, or other reasons.

Exclusion criteria for both groups were as follows: 
1) patients with acute cholecystitis or a history of acute 
cholecystitis in the past 4 weeks; 2) patients with a history 
of biliary system surgery, such as endoscopic retrograde 
cholangiopancreatography and endoscopic sphincterotomy; 
3) patients with cholelithiasis combined with gallbladder 
polyps or gallbladder adenomyomatosis; 4) patients with 
the presence of obstructive jaundice, or intrahepatic or 
extrahepatic biliary stones; and 5) patients with a history of 
gastrointestinal anastomosis and other surgical changes to 
gastrointestinal continuity.

Materials and instrumentation. The following materials 
and instruments were used: the ProSound-Alpha 7 Color 
Ultrasound Diagnostic System (Hitachi Aloka Medical, 
Tokyo, Japan), Nikon CI-S Microscope, Nikon DS-U3 Ima
ging System, Image-Pro Plus 6.0 Image Analysis Software 

(MediaCybernetics, Rockville, MD, USA), xylene, ethylen-
ediamine-tetraacetic acid (EDTA) retrieval solution, rabbit 
anti-human CD-117 antibody (ab5505, Abcam, Cambridge, 
UK), mouse anti-human tryptase antibody (ab2378, Abcam), 
phosphate buffer solution (C1014, Jiamei Biotech, Co., 
Ltd, Guangzhou, China), bovine serum albumin fraction V 
(A8020, Solarbio, Beijing, China), Cy3-labeled goat anti-rab-
bit secondary antibody (ab97075, Abcam), biotin-labeled 
goat anti-mouse secondary antibody (ab150113, Abcam), 
and  4’,6-diamidino-2-phenylindole (DAPI) color-develop-
ing agent (CH126, Jiamay).

Determination of gallbladder contractility. Patients’ medical 
history was obtained on admission, and they were assigned to 
one of the two groups according to the aforementioned crite-
ria. Patients underwent a fasting B-mode ultrasonography ex-
amination on the morning after admission. The examination 
was conducted in the supine or left lateral decubitus position. 
The abdominal probe was used to detect the gallbladder 
along the right subcostal margin. A freeze-frame image was 
taken at the maximum cross-section of the gallbladder, and 
its maximum length and width were measured. Then, the 
probe was rotated clockwise by 90°, and another freeze-frame 
image was taken to measure the height of the gallbladder. 
After recording the aforementioned data, the patients were 
instructed to quickly consume some yogurt and wait for  
45 min before the length, width, and height of the gallbladder 
were measured again using the same methods. The fasting and 
post-prandial B-mode ultrasonography examinations were 
conducted in the same position for each patient. The volume 
of the gallbladder was calculated using the ellipsoid volume 
formula. The gallbladder contraction rate was calculated 
based on the following formula: 1-(45-minute gallbladder 
volume/fasting gallbladder volume) × 100%. The fatty-meal 
B-mode ultrasonography examination for all patients was 
conducted by the same physician.

Sample collection and immunohistochemistry. Patients 
underwent elective cholecystectomy after completing the 
preoperative preparations (including but not limited to 
chest radiography, electrocardiography, and routine blood 
tests to ensure safety). Intraoperatively, the degree of peri-
cholecystic adhesions and the presence of abnormalities in 
the cystic artery and cystic duct were recorded. All resected 
gallbladder specimens were immersed in a 4% formaldehyde 
solution and sent to the pathology department. One tissue 
section (0.2 × 0.5 × 0.8 cm) was obtained from the neck, 
body, and fundus of each gallbladder specimen. 

The sections were embedded in the same paraffin block 
by standard histological technique, and cut into slides for im-
munofluorescence staining. Next, the slides were immersed 
in xylene three times for 10 min each, followed sequentially 
by immersion in 100%, 95%, and 80% ethanol for 10 min 
each, and then rinsed thoroughly. EDTA retrieval solution 
was added, and the slides were heated in the microwave 
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(101-1BS, Bangxi Corp., Shanghai, China) at 65°C for  
30 min to restore the antigenicity of the specimens. After 
rinsing, 3% hydrogen peroxide (prepared with deionized 
water) was added, and the sections were incubated at room 
temperature (RT) for 30 min and rinsed three times with 
phosphate-buffered saline (PBS) at RT for 5 min each.  
A working solution of bovine serum albumin fraction V 
was added dropwise and removed after incubation at RT 
for 30 min. The rabbit anti-human CD-117 antibody (1:100 
dilution, ab5505, Abcam) and mouse anti-human tryptase 
antibody (1:100 dilution, ab2378, Abcam) were added as 
primary antibodies, and the slides were left at 4°C overnight. 
Subsequently, the slides were retrieved and washed with 
PBS at RT three times for 5 min each. The Cy3-labeled goat 
anti-rabbit secondary antibody (1:100 dilution, ab97075, Ab-
cam) and biotin-labeled goat anti-mouse secondary antibody 

(1:100 dilution, ab150113, Abcam) were added as secondary 
antibodies, and the slides were incubated at 37°C in the 
dark for 30 min. Then, the slides were retrieved, washed 
three times with PBS at RT, counterstained with DAPI, 
and washed three times again with PBS at RT. Finally, the 
slides were mounted and preserved using an anti-quenching 
aqueous mounting agent.

The slides were observed and photographed under 
a microscope (Figs. 1–3). Ten high-power fields (final 
magnification 400×) were randomly photographed for 
each slide from the neck, body, and fundus of each 
gallbladder. The numbers of cells in each field that 
were CD117-positive (CD117+) and tryptase-negative 
(-) in the cytoplasm and located in the lamina propria 
or muscularis propria were counted and recorded; the 
number of cells that were CD117+ and tryptase-positive 

A B C

A B C

CD117 (+) CD117 + Tryptase + DAPI Tryptase (–)

CD117 (+) CD117 + Tryptase + DAPI Tryptase (+)

Figure 1. The interstitial Cajal-like cells that were CD117-positive and tryptase-negative in the lamina propria of a patient 
without cholelithiasis. A. c-kit (C117)-positive cells. B. Merged A and C. C. The same cells were tryptase-negative. Sections 
were stained by immunofluorescence as described in Methods. DAPI, 4’,6-diamidino-2-phenylindole. Magnification: ×400.

Figure 2. The interstitial Cajal-like cell that is CD117-positive and tryptase-negative in the lamina propria of a patient without 
cholelithiasis. A. c-kit (C117)-positive cell. B. Merging of A and C photographs reveals both C117+ and tryptase-positive cell 
(mast cell). C. The same cell as in (A) is also tryptase-positive. Sections were stained by immunofluorescence as described 
in Methods. Magnification: ×400.
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(+) were not counted. The recorded data were averaged 
for statistical analysis.

Statistical analysis. Statistical analysis was performed using 
SPSS 21.0 (IBM Corp., Armonk, NY, USA). The independ-
ent sample t-test was performed to compare the gallblad-
der contraction rate and number of ICLCs between the 
cholelithiasis and non-cholelithiasis groups, with a = 0.05.  
A scatter plot was drawn using the number of ICLCs as 
the X-axis and gallbladder contraction rate as the Y-axis, 
and then Pearson and Spearman correlation analyses were 
performed. A P-value < 0.05 indicated that the difference 
was statistically significant for all the results.

Results

Based on the aforementioned criteria, 29 patients 
were screened. Of those, 3 patients were excluded 
because of incidental discovery of choledocholithia-
sis, cholelithiasis combined with gallbladder polyps, 
and a history of gallbladder-preserving lithotripsy. 
Twenty-six patients were finally included in this study, 
with 18 patients in the cholelithiasis group and 8 in 
the non-cholelithiasis group. There were 15 women 
and 11 men in both groups, and the range of age 

was 28–77 years (median: both sexes, 60 years; men,  
65 ys; women, 57 ys). Twenty-three patients under-
went laparoscopic cholecystectomy, 1 patient under-
went partial hepatectomy with cholecystectomy, and 
2 patients underwent total pancreatectomy.

The independent sample t-test was performed to 
compare the gallbladder contraction rate between 
the cholelithiasis and non-cholelithiasis groups, and 
the difference between the two groups was statis-
tically significant (43.94% ± 18.50% vs. 61.00% ± 
20.50%, P = 0.046; Table 1). The same statistical test 
was performed to compare the number of ICLCs in 
the lamina propria between the cholelithiasis and 
non-cholelithiasis groups, and the difference between 
the two groups was statistically significant (88.61 ± 
28.22 vs. 115.89 ± 27.87, P = 0.032; Table 1).

Curve fitting of the scatter plot was performed 
(Fig. 4), and the Pearson and Spearman correlation 
analyses revealed no statistically significant correla-
tions (P > 0.05, Table 2A, B, C).

Figure 3. Cross-section of a gallbladder wall from a patient 
with cholelithiasis shows the presence of a few CD117-positive 
and tryptase-negative cells (arrows). Magnification: ×200.

Figure 4. Scatter plot of the number of interstitial Cajal-like 
cells (ICLCs) and gallbladder contraction rate in patients 
with and without cholelithiasis. 

Table 1. Comparison of gallbladder contraction rate and the number of ICLCs between patients with and without cholelithiasis

Group N Contraction rate, Mean ± SD P-value No. of ICLCs, Mean ± SD P-value

Cholelithiasis 18 43.9% ± 18.5%
0.046

88.611 ± 28.2207
0.032

Non-cholelithiasis 8 61.0% ± 20.5% 115.888 ± 27.8715

ICLCs — interstitial Cajal-like cells; no. — number; SD — standard deviation. Independent sample t-test. 
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Discussion

ICLCs are a special type of interstitial cell that are 
widely distributed in various tissues, including the 
gastrointestinal tract, myocardium, and mammary 
glands [6–12]. The development and differentiation 
of these cells are related to their expression of c-kit 
receptors; hence, without c-kit receptors, ICLCs will 
degenerate to smooth muscle cells [3]. These cells 
are also present in biliary tissues. Lavoie et al. [12] 
showed in tissue extracts that there were synchronous 
rhythmic Ca2+ flashes in gallbladder smooth muscle 
cells and ICLCs. After the addition of gap junction 
uncouplers, the Ca2+ flashes in gallbladder smooth 
muscle decreased significantly, whereas those of 
ICLCs remained unchanged. However, after the ad-

dition of the c-kit tyrosine kinase inhibitor, imatinib 
mesylate, the synchronous rhythmic Ca2+ flashes in 
both tissues were significantly reduced [12]. Thus, 
the results of this study suggest that ICLCs play  
a crucial role in the spontaneous rhythmic contrac-
tion of gallbladder smooth muscle. Subsequently, 
some animal experiments have shown that cholecys-
tokinin-A (CCK-A) receptors are expressed in the 
ICLCs of gallbladder in guinea pigs. Furthermore, 
in vitro experiments [13] showed that CCK-A can 
induce significant contractions in gallbladder muscle 
strips and after removing the ICLCs by exposing the 
methylene blue-stained muscle strips to light (532 nm, 
50 mW/cm2), the gallbladder muscle strips showed 
significantly reduced contractions in response to 
CCK-A. Thus, the study concluded that the contrac-

Table 2. Pearson and Spearman correlation analyses of the number of ICLCs and gallbladder contraction rate
A) Cholelithiasis Group 

Spearman correlation coefficient

Contraction rate No. of ICLCs

Spearman Rho

Contraction rate

Correlation coefficient 1.000 0.188

Sig (two-tailed) 0.455

N 18 18

No. of ICLCs

Correlation coefficient 0.188 1.000

Sig (two-tailed) 0.455

N 18 18

B) Non-cholelithiasis Group

Spearman correlation coefficient

Contraction rate No. of ICLCs

Spearman Rho

Contraction rate

Correlation coefficient 1.000 –0.180

Sig (two-tailed) 0.670

N 8 8

No. of ICLCs

Correlation coefficient –0.180 1.000

Sig (two-tailed) 0.670

N 8 8 

C) Pearson correlation analysis

Pearson correlation analysis

Contraction rate No. of ICLCs

Contraction rate

Pearson correlation 1 0.168

Sig (two-tailed) 0.411

N 26 26

No. of ICLCs

Pearson correlation 0.168 1

Sig (two-tailed) 0.411

N 26 26

For abbreviations, see the legend to Table 1.
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tions induced by CCK-A in the gallbladders of guinea 
pigs may have been mediated by ICLCs [13]. ICLCs 
have also been observed in the gallbladder tissue of 
humans [14], and some studies have reported that the 
number of ICLCs found in gallbladder tissue resect-
ed from patients with cholelithiasis was significantly 
lower than that of patients without cholelithiasis [5]. 
In an another study [2], it was found that gallbladder 
contractility, the number of gallbladder ICLCs, and 
SCF/c-kit expression level were all significantly lower 
in patients with cholelithiasis than in those without 
cholelithiasis. These results imply that the decrease 
in gallbladder contractility may be associated with 
the reduced number of gallbladder ICLCs, which in 
turn may have been caused by the inhibition of the 
SCF/c-kit pathway [2].

In the present study, significant differences were 
found between patients with and without cholelithi-
asis in terms of the gallbladder contractility assessed 
by ultrasonography before cholecystectomy and the 
number of ICLCs. Our findings of lower gallbladder 
contractility and number of ICLCs in the cholelithiasis 
group are consistent with those of previous studies [15, 
16]. The scatter plot showed that it was highly likely 
for the number of gallbladder ICLCs to be positively 
correlated with gallbladder contractility; however, sta-
tistical analysis did not reveal a significant correlation. 
The reason for this finding could be related to numer-
ous factors. Firstly, in the human body, gallbladder 
contractility is affected by multiple factors. Hence, 
the number of gallbladder ICLCs may be related 
to gallbladder contractility, but it cannot determine 
gallbladder contractility. Possible factors that may be 
related to gallbladder contractility include but are not 
limited to the degree of pericholecystic adhesions, 
thickening of the gallbladder wall [17], number and 
volume of gallstones in the gallbladder, concentration 
of cholecystokinin and CCK-A receptors in patients 
[18], duodenal pH value, and effects of acupuncture 
[19]. Secondly, the results of gallbladder contractility 
based on B-mode ultrasonography may be affected 
by the subjective judgement of the sonographer 
which could lead to errors in measuring gallbladder 
contractility. Additionally, the fatty meal test is only 
an indirect measure of gallbladder contractility, and 
ingesting different foods may have an impact on meas-
urements of gallbladder contractility. A previous study 
suggested that ice candy of the Lundh test meal is ideal 
for testing gallbladder contractility, and the food item 
we used differed from that of a common fatty meal 
test [20]. To avoid the aforementioned errors, it may 
be necessary to perform in vitro experiments of muscle 
strip contraction. Experiments of gallbladder muscle 
strip contraction are widely used in animal studies. 

However, in humans, such experiments are subject 
to many limitations and variables, and they cannot 
be easily implemented.

Although the present study’s results suggest that 
there is no linear correlation between the number 
of ICLCs and gallbladder contractility, we cannot 
exclude the possibility of a non-linear correlation 
between these two parameters. In addition, as shown 
by the statistical results and scatter plot, there were 
significant differences in the gallbladder contractility 
and number of ICLCs between the cholelithiasis and 
non-cholelithiasis groups, with the cholelithiasis group 
showing significantly reduced gallbladder contractility 
and number of ICLCs compared to the non-cholelith-
iasis group. These findings imply that we should still 
consider that gallbladder contractility may be related 
to the number of gallbladder ICLCs. However, the 
nature and extent of this relationship(s) will require 
future investigation, and the construction of a math-
ematical model may involve multiple related factors.

Our study has several limitations. First, our study 
included a small number of cases. If we had at least 
60 cases in this study, we would have achieved a more 
precise result. Second, interpretation of the results 
of ultrasonography is subjective. Third, the in vitro 
measurements of muscle-strip contraction may have 
been better than the Lundh test for evaluating the 
contraction rate of the gallbladder. Despite these 
limitations, we believe that the significant differences 
in the in vivo gallbladder contractility and the num-
ber of gallbladder ICLCs between cholelithiasis and 
non-cholelithiasis patients suggest that factors other 
than solely the number of gallbladder ICLCs affect 
gallbladder contractility in patients with cholelithiasis.
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