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Abstract 

Background: Our previous study showed that cancer-associated fibroblast MRC-5 promoted 
hepatocellular carcinoma progression by enhancing migration and invasion capability. However, few 
studies have explored the role of MRC-5 in pancreatic cancer (PC). In this study, we examined the 
exact role and associated mechanisms of MRC-5. 
Methods: The conditioned media for MRC-5 was used to culture PC cell lines SW1990 and 
PANC-1. Cell proliferation was compared based on colony formation assays of PC cells in normal 
media and of PC cells cultured with conditioned media of MRC-5. Cell migration and invasion were 
assayed by transwell chambers. The expression of EMT-related proteins and apoptosis-related 
proteins was evaluated using Western blot. And confocal microscopy was used to further detect the 
expression of EMT-related proteins. qRT-PCR was used to confirm the expression changes of 
related genes at the mRNA level. We also used flow cytometry to examine the cell cycle, 
apoptotic rate, and expression of CD3, CD4, CD14, CD25, CD45, CD61, CD90, TLR1, and TLR4. 
Results: MRC-5 repressed the colony formation ability of PC cells and significantly inhibited cell 
migration and invasion potential. MRC-5 induced S-phase cell cycle arrest but did not augment the 
apoptotic effects in PC cells. We hypothesized that the weakened malignant biological behavior of 
PC cells was correlated with MRC-5-induced altered expression of the cancer stem cell marker 
CD90; the immune-related cell surface molecules CD14, CD25, TLR4, and TLR1; and cell polarity 
complexes Par, Scribble, and Crumbs.  
Conclusion: MRC-5 limits the malignant activities of PC cells by suppressing cancer stem cell 
expansion, remolding epithelial polarity, and blocking the protumoral cascade reaction coupled to 
TLR4, TLR1, CD14, and CD25. 

Key words: Cancer associated fibroblast (CAF), Cancer stem cell (CSC), Toll-like receptors (TLRs), 
Epithelial-to-mesenchymal transition (EMT), Cell polarity complex 

Introduction 
Despite advances in surgical and non-surgical 

treatments, pancreatic cancer (PC), one of the most 
common and lethal gastrointestinal cancers, has a 

very low 5-year survival rate of less than 7% [1]. This 
poor prognosis is likely due to late diagnosis, the high 
level of biological aggressiveness, extrapancreatic 
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metastasis, and unresponsiveness to radiation or 
available systemic therapies (e.g., adjuvant 
chemotherapy, immunotherapy) [2]. Thus, a further 
understanding of the factors that lead to PC invasion 
and metastasis is important for treating this 
deadly disease.  

 Emerging evidence suggests that the tumor 
microenvironment (TME), composed of cellular and 
acellular components including cancer-associated 
fibroblasts (CAFs), immune cells, blood and 
lymphatic tumor vessels, the extracellular matrix, 
chemokines, cytokines, and growth factors, plays a 
key role in the proliferation, invasion, and metastasis 
of many solid cancers [3]. CAFs, the predominant 
stromal cell type, are among the most critical 
components of the TME. They are characterized by 
highly heterogeneous cell origins (originating from 
fibroblast and endothelial cells) and the expression of 
skeletal muscle actin alpha (alpha-SMA) and play an 
important role in tumor invasion and metastasis [4]. A 
dense background of desmoplastic stroma originating 
from CAFs is the hallmark of PC [5]. Basic studies 
have increased our understanding of the interplay 
between PC cells and CAFs (especially pancreatic 
stellate cells, PSCs) [6-10]. Doudou Li et al. showed 
that, by creating an advantageous microenvironment, 
CAF crosstalk with cancer cells stimulates tumor 
evolution [11]. Douglas T. Fearon showed that CAFs 
play an important role in the adaptation of the tumor 
to the host by causing an immune disorder, thereby 
enabling cancer cells to proliferate and spread to 
distant metastatic sites [12]. However, the precise 
molecular mechanisms responsible for the 
tumor-promoting activity of CAFs remain unclear. 
Additionally, once PC cells migrate to distant 
“hideouts,” the majority of CAFs surrounding tumor 
cells are probably “not indigenous to the pancreas” or 
are newly recruited. The lung, rich in fibroblasts, is 
one of the most common sites of distant metastasis in 
patients with PC. Therefore, it is important to 
characterize the specific roles of lung fibroblasts in 
PC. 

 Several lines of evidence indicate that cancer 
stem cells (CSCs), characterized by the ability to 
self-renew and give rise to heterogeneous cancer cell 
progeny, have a profound effect on tumorigenesis and 
progression [13-15]. CSCs can be identified based on 
increased sphere formation ability and in vitro 
clonogenicity, enhanced in vivo tumor-initiating 
ability, or the expression of specific CSC markers. 
Well-characterized CSC markers include CD90, CD44, 
CD24, CD133, c-MET, aldehyde dehydrogenase 
(ALDH), and epithelial-specific antigen (ESA) [16-21]. 
Recently, it has been proposed that CSCs can be 
generated by EMT [22, 23], whereby epithelial cells 

lose their epithelial properties and acquire a 
mesenchymal-like phenotype and stem cell-like 
features [24, 25]. Classical EMT is a dynamic and 
reversible program that is often activated during 
tumor invasion and metastasis and is characterized by 
the expression of EMT-inducing transcription factors, 
such as snail, slug, twist-1, ZEB-1, and ZEB-2; 
upregulation of vimentin and N-cadherin; and 
downregulation of E-cadherin, alpha-catenin, and 
P120-catenin [26]. During EMT, while front-rear 
polarity develops, apico-basal polarity is disrupted. 
And, three protein complexes (Par, Scribble, and 
Crumbs) which are considered as tumor suppressors, 
are responsible for the establishment of apico-basal 
polarity [27, 28]. Additionally, there is a causal 
relationship between EMT and CSCs in PC [29-32]. 
Nonetheless, the interplay between these two entities 
is complex, and it is difficult to establish whether 
acquisition of CSC or initiation of EMT occurs first. 
Interestingly, PSCs accelerated PC progression by 
promoting EMT [33], providing further insight into 
these relationships. Hence, deciphering the 
relationships between these essential processes can 
increase our understanding of the biological behavior 
of PC and lead to advancements in clinical 
management. 

 Previous studies suggest that mediators and 
cellular effectors of chronic inflammation are 
important ingredients of TME, and toll-like receptors 
(TLRs) play an important role in this context. TLRs, a 
family of evolutionally conserved pattern recognition 
receptors involved in innate and consequent adaptive 
immune responses, play an active role in the 
progression of PC [34-36]. There is a strong 
association between immune cells and cancer cells. It 
is possible that cells of the immune system stimulate 
tumor genesis and progression, whereas, conversely, 
cancer cells promote a local inflammatory response 
through the recruitment of immune cells. Moreover, 
recent studies showed that cell-cell interactions 
between immune cells and CAFs may induce their 
own activation, thereby promoting tumor progression 
[37]. Accordingly, understanding the biology of CAFs 
may provide novel therapeutic targets for combating 
PC.  

 Our previous study showed that MRC-5 
promoted HCC cell migration and invasion by 
inducing EMT-like transitions. MRC-5, the human 
fetal lung fibroblast, plays an important role in lung 
fibrosis [38]. MRC-5, a CAF that produces hepatocyte 
growth factor, plays an essential role in cancer 
evolution, such as breast cancer [39], pleural 
mesothelioma [40], and lung cancer [41]. Seven years 
ago, the role of MRC-5 in PC cells began to be 
explored [42]. However, few subsequent studies have 
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been performed, and the underlying mechanisms 
remain unclear. In the present study, the effect of 
MRC-5 on PC cell proliferation, cell cycle and 
apoptosis, cell migration, and invasion was examined. 
Furthermore, to explore the associated molecular 
mechanisms in PC cells, we evaluated the expression 
profiles of cell surface markers (CD3, CD4, CD14, 
CD25, CD45, CD61, CD90, TLR1, and TLR4), 
apoptosis-associated molecules, EMT-related 
molecules, cell polarity complexes, matrix 
metalloproteases (MMPs), integrins, and other 
adhesion molecules. These findings will be useful in 
the development of therapeutic interventions for PC.  

Materials and methods  
Cell culture  

Cancer-associated fibroblast MRC-5 was 
donated by Dr. Xi, Chen (Zhejiang University, China). 
SW1990 and PANC-1 cell lines were purchased from 
Shanghai Cell Bank, Chinese Academy of Sciences. 
MRC-5 cells were maintained in Dulbecco’s modified 
Eagle’s medium (DMEM) (Gibco, Grand Island, NY, 
USA) supplemented with 10% heat-inactivated fetal 
bovine serum (Sigma-Aldrich, St. Louis, MO, USA) at 
37°C in a 5% CO2 water-saturated environment. 
Conditioned medium of MRC-5 cells (MRC-5-CM) 
was collected as previously described [43]. DMEM 
medium supplemented with 10% FBS serverd as the 
control medium. SW1990 and PANC-1 cells were 
respectively incubated in the MRC-5-CM for 14 days 
(n=3). SW1990 was subcultured once a week at a ratio 
of 1:3 or 1:5. MRC-5 and PANC-1 were subcultured 
once a week at a ratio of 1:1 or 1:2. 20ml MRC-5-CM 
was used when Pancreatic cancer cells were cultured 
in 75cm2 cell culture flasks.  

Transwell Assay  
The migration and invasion assays were 

performed using Transwell chambers with 8µm pore 
filters (Millipore, Billerica, MA, USA) as we 
previously reported [43].  

Western-blot Analysis  
Whole Pancreatic cancer cells were lysed on ice 

in a lysis buffer (RIPA, Beyotime, Shanghai, China) 
with a protease inhibitor mixture cocktail (Roche, 
Switzerland) after culturing in MRC-5-CM for 14 
days. Western-blot analysis was performed by 
established protocols [43]. Anti-CTNNA1 and 
CTNNB1, anti-E-cadherin, anti-N-cadherin, anti-ZEB- 
1, ZEB-2, Snail, Slug and anti-vimentin primary 
antibodies were purchased from (Abcam); 
anti-MMP-2, 3, 13 and 21, anti-WNT-2, anti-WNT16, 
anti-TGFB1, anti-Src, P-Src-Y418 and P-Src-Y529 
primary antibodies were purchased from (Epitomics); 

anti-Bcl-2, Bcl-xl, Bad, Bax, Bim, Bid, Caspase-3 and 
anti-β-actin were from ( Cell Signaling Technology).  

Confocal immunofluorescent analysis 
Confocal immunofluorescent analysis was 

performed and analyzed as our previously described 
[43]. 

Flow cytometry 
The presence of CD3, CD4, CD14, CD25, CD45, 

CD61, CD90, TLR1 and TLR4 were analyzed using a 
flow cytometer (CYTOMICS FC 500, Beckman 
Coulter, Miami, FL) according to manufacturer’s 
instruction and the data was analyzed using Flow Jo 
analysis software. Anti-CD14-PE-Cy7, CD25-FITC, 
TLR4-PE, CD61-PE, CD90-FITC, CD45-APC, CD3- 
FITC and anti-CD4-PE-Cy5 were purchased from (BD 
Biosciences) ; anti-TLR1-PE was purchased from 
(eBioscience).  

 Cell cycle analysis and apoptosis analysis were 
performed according to the manufacturer’s protocol 
as previously described [43]. All experiments were 
performed at least in triplicate. 

Colony formation assay  
1× 103 cells were plated in a 8 cm plate. After 

two weeks of culture, the colonies (>10cells) were 
stained with crystal violet and counted.  

Quantitative reverse-transcription-PCR  
Total RNA was extracted using Trizol reagent 

(Invitrogen, Carlsbad, CA, USA). First strand cDNA 
was synthesized from total RNA (2μg) using M-MLV 
Reverse Transcriptase (Promega, San Luis Obispo, 
CA, USA) according to the manufacturer’s protocol. 
The primers for q-RT PCR were purchased from 
Biosune and the SYBR Premix Dimmer Eraser kits 
were from TaKaRa (TaKaRa, Dalian, China). GAPDH 
was used as an internal control to normalize target 
mRNA level. qRT-PCR reactions were performed by 
ABI7500 (Applied Biosystems, CA). The relative 
quantification of gene expression was calculated by 
the 2-ΔΔCt method. 

Statistical Analysis  
Student's t-test was performed to compare the 

differences between 2 groups using SPSS statistical 
software (Version 16.0; SPSS, Chicago, IL, USA). P 
values <0.05 were considered significant. 

Results 
MRC-5 inhibited the colony formation 
capability of PC cells 

PANC-1 cells were cultured in MRC-5-CM, 
hereafter referred to as PANC-1-(MRC-5)-CM. 
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SW1990 cells were cultured in MRC-5-CM, hereafter 
called SW1990-(MRC-5)-CM. To explore the effect of 
MRC-5 on cell proliferation, we performed colony 
formation assays. We observed a significant reduction 
in the colony formation capability of PANC-1- 
(MRC-5)-CM compared with PANC-1 cells (p<0.05; 
Fig. 1). Similarly, the colony formation ability of 
SW1990-(MRC-5)-CM cells was weakened compared 
with that of SW1990 cells. (p<0.05; Fig. 1).  

Effect of MRC-5 on the cell cycle and apoptosis 
of PC cells 

 To further explore the effect of MRC-5-CM on 
PC cell viability, we investigated the cell cycle 
distribution and apoptosis rate of PC cells and PC 
cells cultured with MRC-5-CM. We found that 
MRC-5-CM induced S phase arrest in PANC-1 and 
SW1990 cells. The proportions of PANC-1-(MRC- 
5)-CM and SW1990-(MRC-5)-CM cells during G1 
phase decreased significantly, whereas the 
proportions of PANC-1-(MRC-5)-CM and SW1990- 
(MRC-5)-CM cells in S phase was significantly 
increased compared with controls (Figure 2a). 
However, MRC-5-CM had no effect on cell death 
(Figure 2b). These results were confirmed by 
evaluating the expression of apoptosis-related 
proteins by Western blot (Figure 3). The 
anti-apoptotic genes Bcl-2 and Bcl-xl remained 
unchanged. Pro-apoptotic genes Bad and Bim were 
downregulated in PANC-1-(MRC-5)-CM, but they 
did not change significantly in SW1990-(MRC-5)-CM 
relative to in the control. In contrast, the pro-apoptotic 
gene Bid was increased moderately in 

PANC-1-(MRC-5)-CM and in SW1990-(MRC-5)-CM 
relative to in the control. The pro-apoptotic Caspase-3 
and Bax did not change significantly in 
PANC-1-(MRC-5)-CM or in MHCC-LM3-(MRC-5) 
-CM cells relative to in the control (the ratio 
discrepancy is listed in Additional File 1: Figure S1). 
Based on these results, the effect of MRC-5-CM on PC 
cell growth was partially due to cell cycle arrest. 

MRC-5 inhibited PC cell migration and 
invasion 

 To explore the effect of MRC-5 on the cell 
migration and invasion potential of PC cells, we 
performed transwell assays. Our findings showed 
that the number of migrating PANC-1 cells decreased 
by culturing with MRC-5-CM compared with control 
medium (p<0.05; Fig. 4). Invasion followed the same 
pattern as migration; the number of invading cells 
was significantly lower during culturing with 
MRC-5-CM compared with during culturing in 
control medium (p<0.05; Fig. 4). Notably, consistent 
results were obtained with SW-1990 cells (p<0.05; Fig. 
4). 

Effect of MRC-5 on expression of EMT-related 
genes in PC cells 

 To explore the mechanism underlying the 
impaired migration and invasion ability of PC cells, 
we evaluated the expression profiles of epithelial 
markers (E-cadherin and CTNNA1), mesenchymal 
markers (N-cadherin, vimentin, and CTNNB1), 
EMT-related signaling molecules (WNT2, WNT16, 
TGFB1, SRC, P-SRC-418, and P-SRC-529), EMT-prom-

oted transcription factors 
(Snail, Slug, ZEB-1, and 
ZEB-2), and MMPs (MMP-2, 
3, 13, and 21) by Western blot 
(Figure 5). However, there 
were no significant changes 
in the expression of epithelial 
markers, mesenchymal mar-
kers (except for vimentin), 
MMPs, EMT-related signal-
ing molecules, or EMT-pro-
moted transcription factors 
(excluding Slug). Based on 
our results, Slug was down-
regulated in SW1990-(MRC- 
5)-CM cells compared with 
in SW1990, whereas Slug 
was upregulated in PANC-1- 
(MRC-5)-CM compared with 
in PANC-1. On the other 
hand, vimentin was upregul-
ated in SW1990-(MRC-5)-CM 

 

 
Fig. 1 The colony formation capability of PC cells cultured in MRC-5-CM was decreased compared with that of PC 
cells without MRC-5-CM 
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cells compared with in SW1990, whereas vimentin did 
not differ markedly between PANC-1-(MRC-5)-CM 
and PANC-1 (the ratio discrepancy is listed in 
Additional Files 2-3: Figure S2-3). Thus, to explore 
whether the impaired migration and invasion 
potential was due to the reinforced construction of the 
E-cadherin/catenin complex on the cell membrane, 
we performed immunofluorescence analysis using 
confocal microscopy (Figure 6-7). Nevertheless, the 
E-cadherin/catenin complex was not distributed on 
the cell membranes of SW1990-(MRC-5)-CM or of 
PANC-1-(MRC-5)-CM compared to the control. 
Cytokeratin 19 (CK19), which has been associated 
with increased metastatic potential and poor outcome 

in pancreatic neuroendocrine tumors patients, was 
increased in SW1990-(MRC-5)-CM relative to in the 
control. β7 integrin, which is correlated with cancer 
progression through an interplay with MMPs, was 
decreased. The results also indicated that β4 integrin 
expression did not change significantly in 
SW1990-(MRC-5)-CM compared with in SW1990. 
Expression of CK 19, β4 integrin, and β7 integrin did 
not differ significantly between PANC-1-(MRC-5)-CM 
and PANC-1. Taken together, our results showed that 
MRC-5 decreased PC cell migration and invasion, did 
not reverse the classical EMT program, and may be 
related to decreased expression of β7 integrin. 

 
 

 
Fig. 2 Effect of MRC-5 on cell viability. a) MRC-5-CM induced S-phase cell cycle arrest, and b) MRC-5-CM had no effect on apoptosis 
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Fig. 3 Expression of apoptosis-related proteins 

 

MRC-5 inhibited PC CSC expansion 
 It is possible that CSCs can be generated 

through EMT, which is regulated by CAFs. In this 
study, we used flow cytometry to explore the effect of 
MRC-5 on CSCs in PC, as shown in Figure 8-9. The 
quantity of CD90+ cells in PANC-1-(MRC-5)-CM 
decreased significantly compared with the quantity in 
PANC-1. However, the proportion of CD90+/CD45- 

cells in PANC-1-(MRC-5)-CM increased slightly. 
Similarly, the quantity of CD90+ cells in 
SW1990-(MRC-5)-CM decreased moderately compar-
ed with the quantity in SW1990, and the proportion of 
CD90+/CD45- cells in SW1990-(MRC-5)-CM also 
decreased. Our results did not agree with previous 
studies, indicating that indigenous CAFs that could 
travel with cancer cells to distant metastatic sites play 
an essential role in promoting cancer progression. 

Effect of MRC-5 on expression of 
immune-related surface molecules  

 Previous studies found that local inflammation 
contributed to the malignant progression of cancer 
cells and that the cell-cell interaction between immune 
cells and CAFs can induce their own activation, 
thereby enhancing tumor advancement. Crosstalk 
must occur among immune cells, CAFs, and cancer 
cells, and this must be complicated. Additionally, the 
phenotype plasticity model suggested that one cell 
type can be transformed into another with the 
appropriate stimulus. Therefore, we performed flow 
cytometry to explore the influence of MRC-5 on the 
expression of immune-related surface molecules in 
PC cells. TLR1-positive and CD14-positive cells were 
decreased significantly in PANC-1-(MRC-5)-CM and 
SW1990-(MRC-5)-CM compared with in the control 
(p<0.05; Fig. 10-11). TLR4 positive cells were 
decreased moderately in both PANC-1-(MRC-5)-CM 
and SW1990-(MRC-5)-CM compared with in the 

control (Figure 12). CD25-positive cells were 
decreased significantly in SW1990-(MRC-5)-CM 
compared with in the control, whereas they were 
decreased slightly in PANC-1-(MRC-5)-CM compared 
with in the control (Figure 13). There was no 
expression of CD3, CD4, or CD61 in PC cells 
(Figure 14). These results indicated that the 
MRC-5-attenuated malignant activities of PC cells 
may be partly by restraining the cascade reaction 
coupled to TLR4, TLR1, CD14, and CD25 and that 
tumor cells cannot be converted into immune cells. 

Expression of genes related to EMT signaling 
molecules, EMT-promoted transcription 
factors, MMPs, integrins, cell polarity 
molecules, cell adhesion, and apoptosis 
molecules in PC cells 

 To explore the impact of MRC-5 on the 
expression of genes related to EMT (JAG1, JAG2, 
DHH, IHH, NOTCH1, SP1, Snail, Slug, TWIST1, 
TGFB1, GLI1, Fox-2, WNT1, 2B, 3, 4, 5A, 5B, 7B, 10A, 
10B, 16, ZEB1, ZEB2, MMP-1, 2, 3, 9, 11, 12, 13, 14, 17, 
and 21), cell polarity (PALS1, PALS2, PARD3, 
PARD3B, PARD6A, PARD6B, PARD6G, PATJ, 
PRKCI, PRKCZ, SCRIB, CRB-1, CRB-2, DLG1, DLG3, 
DLG4, DLG5, LLGL1, and LLGL2), cell adhesion 
molecules (CTNNA1, CTNNB1, CTNND1, JUP, 
E-cadherin, vimentin, vitronectin, stratifin, 
SERPINB5, CEACAM1, paxillin, CK19, and integrin 
α1, α2, α3, α4, α5, α7, α8, α9, α11, αD, αM, αE, αV, β1, 
β2, β3, β5, β6, β7, and β8) and apoptosis (Bad, Bax, 
Bcl-2, Bcl-xl, and Bid) in PC cells, we used 
real-time quantitative RT-PCR analysis (the results 
are provided in Additional Files 4-12: Figure S4-12). In 
agreement with the Western blot results, the Slug 
mRNA level was downregulated in 
SW1990-(MRC-5)-CM compared with in SW1990. 
Meanwhile, the Slug mRNA level was upregulated 
markedly in PANC-1-(MRC-5)-CM compared with in 
PANC-1. Additionally, the Bax mRNA level was 
consistent with the protein expression level. However, 
a portion of the qRT-PCR results did not agree with 
the Western blot results. For example, the mRNA 
levels of Bad, Bcl-xl, CTNNA1, CTNNB1, vimentin, 
CK19, MMP-3, MMP13, WNT16, and ZEB1 were 
upregulated in PANC-1-(MRC-5)-CM relative to in 
PANC-1; meanwhile, the mRNA levels of vimentin, 
ZEB1, MMP-2, MMP-3, MMP-13, and Bcl-2 were 
downregulated in SW1990-(MRC-5)-CM relative to in 
SW1990. It was shown that the above-mentioned gene 
expression was mediated by MRC-5-CM at the 
post-transcriptional level. Our results also showed 
that the mRNA levels of PALS1, PALS2, PARD6B, 
PARD6G, PATJ, PRKCI, PRKCZ, SCRIB, DLG5, and 
LLGL1 were increased both in PANC-1-(MRC-5)-CM 
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and SW1990-(MRC-5)-CM compared with in the 
respective control. The mRNA levels of PARD3, 
PARD3B, PARD6A, DLG1, DLG3, and DLG4 were 
upregulated in PANC-1-(MRC-5)-CM compared with 
in the control and the mRNA levels of CRB-2 and 
LLGL2 were upregulated in SW1990-(MRC-5)-CM 
compared with in the control. We hypothesized that 
the elevated expression of cell polarity complexes Par, 
Scribble, and Crumbs were implicated in the impaired 
migration and invasion potential of PC cells. MRC-5 
also affects the gene expression of stratifin, 
SERPINB5, paxillin, CTNND1, JUP, JAG1, IHH, SP1, 
WNT5A, WNT5B, WNT7B, WNT10B, and integrin α1, 
α2, α3, α5, α8, α9, α11, αD, αM, β1, β5, β6, and β8. The 
roles of these genes should be explored in future 
studies. 

Discussion 
 In this study, we showed that MRC-5-CM 

significantly inhibited cell viability and proliferation 
and markedly attenuated in vitro cell 
migration/invasion. However, the impaired malign-
ant activities were not ascribed to the reversal of EMT. 
The expression of EMT-related signaling molecules, 
including WNT2, WNT16, TGFB1, SRC, P-SRC-418, 
and P-SRC-529, of EMT-promoted transcription 
factors, including Snail, ZEB-1, and ZEB-2, and of 
mesenchymal markers, including vimentin, MMP-2, 
3, 13, and 21, at the protein level was not significantly 
decreased in PC cells cultured in MRC-5-CM relative 
to in the control. Additionally, increased 
E-cadherin/catenin complex was not observed on the 
cell membrane of PC cells cultured in MRC-5-CM 
compared with in the control. Thus, PC cells cultured 
in MRC-5-CM did not undergo complete 
mesenchymal-to-epithelial transition or partial 
mesenchymal-to-epithelial transition.  

 

 
Fig. 4 MRC-5-CM inhibited the cell migration/invasion potential of PC cells 
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We believe that MRC-5 impedes the malignant 
biological behavior of PC cells by suppressing CSC 
expansion, remolding epithelial polarity, and 
blocking the protumoral cascade reaction coupled to 
TLR4, TLR1, CD14, and CD25. 

 CSCs, known as cancer-propagating cells, play a 
role in carcinogenesis and progression [44, 45]. CSCs 
can be identified based on the expression of various 
cell surface molecules, including CD90, CD105, and 
CD133, and on the absence of markers, such as CD45 
and CD34. CD90+ has been identified as a CSC marker 
in PC, whereas CD90+/CD45- has not. Our results 
showed that the proportion of CD90+ cells decreased 
strongly in PACN-1-MRC-5-(CM) compared with in 
the control, and it decreased moderately in 
SW1990-(MRC-5)-CM compared with in the control. 
Meanwhile, CD90+/CD45- cells decreased slightly in 
SW1990-(MRC-5)-CM compared with in the control. 
However, CD90+/CD45- cells increased slightly in 
PACN-1-MRC-5-(CM) compared with in the control. 
This may be explained by the complexity and 
variability of CSCs. In other words, the absence of 
CD45 was not a CSC marker for PC cells. However, 
the impaired malignant behavior in PC cells was 
correlated with the decreased population of CD90+ 

cells. However, the associated mechanisms remain 
unclear. It is possible that MRC-5 induces CSCs into a 
quiescent state, leading to loss of the self-renew 
ability. 

 
 

 
Fig. 5 Expression of EMT-related proteins 

 

 
Fig. 6 Immunofluorescence analysis of E-cadherin/catenin complex, CK19, β7 integrin, and β4 integrin between SW1990-(MRC-5)-CM and SW1990 
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Fig. 7 Immunofluorescence analysis of E-cadherin/catenin complex, CK19, β7 integrin, and β4 integrin between PANC-1-(MRC-5)-CM and PANC-1 

 

 
Fig. 8 The population of CSC was decreased in PANC-1-(MRC-5)-CM 
compared with PANC-1 

 
Fig. 9 The population of CSC was decreased in SW1990-(MRC-5)-CM 
compared with SW1990 
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Fig. 10 TLR1+ cells were decreased  

 

 
Fig. 11 CD14+ cells were decreased  
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Fig. 12 TLR4+ cells were decreased  

 

 
Fig. 13 CD25+ cells were decreased  
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Fig. 14 There were no CD3+, CD4+, or CD61+ cells in PC 

 
Recently, it has been shown that smoldering 

inflammation in the TME has many tumor-enhancing 
effects [46]. TLRs play a critical role in this model. 
Continuous TLR stimulation by pathogen-associated 
molecular patterns and damage-associated molecular 
patterns can upregulate proinflammatory cytokines, 
proinflammatory chemokines, and immunosuppress-
ive cytokines and can increase TGF-β and VEGF [47]. 
The majority of these molecules are implicated in 
tumor progression. Furthermore, it has been noted 
that hypoxia-inducible factor-1 (HIF-1) can induce the 
expression of TLR4 in cancer cells under hypoxic 
stress [48]. Additionally, upregulation of TLR4 

stimulates the expression of HIF-1 by activating the 
nuclear factor-κB (NF-κB) signaling pathway [49]. 
This signaling pathway forms an auto-stimulatory 
loop and leads to tumor cell survival, proliferation, 
and metastasis. Our results showed that the 
expression of TLR4 was downregulated moderately in 
both PACN-1-MRC-5-(CM) and SW1990-(MRC-5)- 
CM compared with in the control and that TLR1 was 
strongly downregulated in PACN-1-MRC-5-(CM) and 
SW1990-(MRC-5)-CM compared with in the control. 
We hypothesized that the weakened malignant 
biological behaviors in PC cells were associated with 
decreased populations of TLR4- and TLR1-positive 
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cells, although the role of TLR1 in PC remains unclear. 
Thus, there may be other auto-stimulatory loops in 
the tumor, such as TLR4-NF-κB-HIF-1.  

 It has been reported that differentiated cells can 
be converted back to stem-like cells under specific 
conditions. Thus, we also measured the frequency of 
CD3+, CD4+, CD14+, CD25+, and CD61+ in PC cells 
cultured in MRC-5-CM and in PC cells in normal 
media to assess whether CAFs can lead to induction. 
We found that CD14-positive cells decreased strongly 
in PACN-1-MRC-5-(CM) and SW1990-(MRC-5)-CM 
compared with their respective control, that CD25- 
positive cells were moderately decreased in PACN-1- 
MRC-5-(CM) compared with in the control, and that 
CD25-positive cells were strongly decreased in 
SW1990-(MRC-5)-CM compared with in the control. 
There were no CD3+, CD4+, or CD61+ cells in PC. 
Recently, several studies have shown an association 
between CD3, CD4, CD14, CD25, and CD61 and the 
progression of cancers [50-54]. However, the 
frequency of CD3+, CD4+, CD14+, CD25+, and CD61+ 
in cancer cells have not been explored. CD14 is known 
to be produced by human hepatocytes. Our results 
show that CD14/CD25 can also be expressed in 
cancer cells, but their roles need to be further 
explored. Our results also indicated that cancer cells 
cannot switch to become immune cells. 

Apico-basal polarity and planar cell polarity are 
characteristically a hallmarks of cells present in 
differentiated epithelium [55]. It has been shown that 
the polarity complexes Par, Scribble, and Crumbs play 
a pivotal role in the establishment and maintenance of 
apico-basal polarity. The Par complex, including 
PRKCs, PARD3, and PARD6, is localized laterally 
where it interacts with tight junction proteins. The 
Crumbs complex, constituted by proteins CRBs, PATJ, 
and PALSs, is localized to the apical membrane. The 
Scribble complex, composed of SCRIB, LLGLs, and 
DLGs, is localized basolaterally. Loss of apico-basal 
polarity was implicated in the EMT program. Indeed, 
it has been shown that EMT-promoted transcription 
factors Snail and ZEB1 can suppress expression of the 
polarity complex proteins, resulting in a change in cell 
shape and inducing invasive behavior [56, 57]. 
Notably, the polarity complexes can suppress the 
expression of EMT-promoted transcription factors 
and inhibit the metastatic behavior of cancer cells [58]. 
Our qRT-PCR results showed that the mRNA levels of 
most cell polarity complexes were upregulated in PC 
cells cultured by MRC-5-CM compared with in PC 
cells without MRC-5-CM. We concluded that the 
crippled malignant behavior of PC cells was due to 
upregulation of the cell polarity complexes, the 
apico-basal polarity maintainer.  

 Integrins are associated with the migration and 
invasion of cancer cells by interacting with MMPs 
[59]. We found that β7 integrin was decreased in 
SW1990-(MRC-5)-CM relative to in SW1990. 
However, more research is needed into the role of β7 
integrin plays in PC cells. We also examined stratifin, 
SERPINB5, paxillin, CTNND1, JUP, JAG1, IHH, SP1, 
WNT5A, WNT5B, WNT7B, WNT10B, and integrin α1, 
α2, α3, α5, α8, α9, α11, αD, αM, β1, β5, β6, and β8 in 
PC cells with or without MRC-5-CM. The role of these 
genes should be explored in future studies.  

 Also, we evaluated the effect of MRC-5-CM on 
the growth of PC cell by flow cytometry. The results 
showed that MRC-5-CM induced S phase arrest in 
PANC-1 and SW1990 cells. The proportions of 
PANC-1-(MRC-5)-CM and SW1990-(MRC-5)-CM cells 
during G1 phase were significantly decreased 
compared with the proportions of the control. The 
mechanisms underlying the induction of PC cells to 
undergo cell cycle arrest remains unclear. We also 
found there is no effects of MRC-5-CM on cell 
apoptosis. However, bcl-2 family members and 
caspase-3 did not play a role. Based on these results, 
there may be other unknown mechanosensors. 

Cancer metastasis is complex, and we cannot 
accurately determine the priming time. However, it is 
important to consider that only a few cancer cells can 
spread to distant metastatic sites and that even fewer 
cells can survive and grow into a solid tumor. This 
indicates that cancer metastasis hinges on the 
premetastatic milieu, including its oxygenation status, 
nutrient supply, and pH. Different organs provide 
different TME. The lung is one of the most common 
sites of distant metastasis in patients with PC, but PC 
with lung recurrence has a better prognosis than does 
PC with recurrence in other sites [60]. This suggests 
that certain components of the local environment 
from the lung may counteract the aggressiveness of 
PC cells. In other words, PC cells require more time to 
create a protumorigenic environment by recruiting 
immune cells or CAFs in the lung. During this 
process, cancer cells negatively affect local 
homeostasis by secreting “saboteurs,” including 
inflammatory factors, growth factors, and 
pro-tumoral microRNAs. CAFs can travel to distant 
metastatic sites with cancer cells. Here, we 
hypothesize that cancer cells can travel with specific 
immune cells through cell-cell adhesion because 
immune cells are highly motile. PC, which is a leading 
cause of cancer death worldwide, causes patient and 
physician distress, and surgical R0 resection following 
systemic chemotherapies cannot halt the growth of 
this malignancy. Therefore, it is important to explore 
the mechanisms responsible for the metastatic spread 
and growth to ultimately combat this disease. 
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 In a word, our results suggest that MRC-5 cells 
impair the malignant activities of PC cell lines 
PANC-1 and SW1990 by inhibiting CSCs expansion, 
reinforcing apico-basal polarity, and blocking the 
protumoral cascade reaction coupled to TLR4, TLR1, 
CD14, and CD25. Thus, an increased understanding 
of the crosstalk between MRC-5 and metastatic PC 
will provide novel therapeutic interventions. 
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