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Information Abstract

Keywords: Pancreatic cancer, Pancreatic cancer is often described as one of the most lethal malignancies, with a mortality rate
Cancer-associated fibroblasts; CAF; approaching 90%. Identifying therapeutic targets and more effective treatment strategies is
Collagen; Hepatic stellate cells; LX- therefore increasingly important. Previous studies have reported abnormal expression of several
2; PANC-1; COL1A1l; COL2AL; collagen types in pancreatic cancer, suggesting that collagen remodeling may be associated with
COL3Al1; COL4A1l; COLG6AI,; disease development. From the perspective of pancreatic cancer-associated fibroblasts (CAFs), this
COL11A1 study used real-time quantitative PCR to quantify changes in the mRNA levels of six collagen

genes (COL1A1, COL2A1, COL3A1, COL4Al, COL6AL, and COL11Al) in human hepatic
stellate LX-2 cells induced with PANC-1-conditioned medium. Measurements covered an
approximately 9-day interval, beginning when the cells had already been induced for 26 days. The
temporal expression profiles were interpreted in relation to collagen type and known molecular
characteristics. COL1A1 and COL4A1 showed non-monotonic temporal patterns; COL2A1,
COL3Al, and COL6A1 generally increased with induction duration; and COL11A1 remained
lower in CAFs than in LX-2 controls. These observations provide a dynamic view of selected
collagen-related transcripts in pancreatic cancer-associated fibroblasts and may inform further
mechanistic studies of the pancreatic tumor microenvironment.

Introduction

Tumor Microenvironment and Fibroblasts

Pancreatic cancer is a malignant tumor of the digestive system and is often referred to as the "king of cancers." Although its
incidence is not among the highest, its mortality rate approaches 90%. The disease is usually clinically silent at an early stage,
progresses rapidly, and has a poor prognosis. Early symptoms are nonspecific and may be confused with gastrointestinal disorders.
Consequently, many patients are diagnosed at an advanced stage and have already lost the opportunity for surgical resection. The
low cure rate underscores the need to identify new therapeutic targets and more effective treatment strategies.

The tumor microenvironment (TME) consists of tumor cells, immune cells, extracellular matrix, fibroblasts, endothelial cells,
mesenchymal stem cells, and multiple cytokines and chemokines. It has substantial research value because its components,
including extracellular vesicles, are closely involved in tumor growth and invasion. Within the TME, cancer-associated fibroblasts
(CAFs) secrete cytokines, chemokines, collagen, laminin, and other factors that interact with immune cells and remodel the
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microenvironment. Compared with quiescent fibroblasts, CAFs are generally more active, proliferate faster, and secrete greater
quantities of cytokines, matrix proteins, and immunomodulatory factors. They may facilitate immune escape and promote tumor
proliferation, invasion, and metastasis, and they play an important role in pancreatic cancer development. Previous studies have
also reported marked tumor regression after stromal fibroblasts were depleted.

Selected Collagen Types in Pancreatic Cancer

Collagen is a structural biopolymer and the principal functional protein in connective tissue. It accounts for approximately
25%-30% of total mammalian protein and is widely distributed throughout the body. Owing to its biocompatibility, biodegradability,
and biological activity, collagen also has broad applications in medicine and other fields.

Type I collagen is a fibrillar collagen composed of either two al chains and one a2 chain or three al chains. The latter
homotrimeric form is frequently found in tumors and skin. Increased type I collagen expression has been reported in pancreatic,
lung, breast, ovarian, and colorectal cancers, and type I collagen degradation products have been investigated as biomarkers for
distinguishing patients from healthy controls.

Type 1I collagen is also a fibrillar collagen and is composed of three al chains. It is primarily distributed in cartilage and the
vitreous body. Type III collagen, another fibrillar collagen consisting of three a1 chains, is commonly located near type I collagen.
Increased type I1I collagen expression has been reported in pancreatic, colorectal, and breast cancers. In pancreatic cancer models,
type III collagen has also been associated with enhanced tumor-cell proliferation and migration.

Type IV collagen is a basement-membrane collagen assembled from three of six o chains (a1-06). Intermolecular interactions
involving four subunits, the 7S domain, and the non-collagenous 1 (NC1) domain generate the characteristic type IV collagen
network.

Type VI collagen is composed of al, 02, and o3 chains and belongs to the short-chain collagen family. Increased type VI
collagen expression has been reported in glioblastoma, melanoma, pancreatic cancer, and breast cancer.

Type XI collagen is generally composed of a1, a2, and a3 chains and belongs to the fibrillar collagen family. It is present at
relatively low abundance in skeletal muscle, articular cartilage, tendons, and lungs. Upregulated COLI1A1 signals have been
reported in pancreatic, breast, and gastric cancer.
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Fig. 1 Schematic overview of the study design and anticipated temporal expression patterns.

1 Materials and Methods

1.1 Experimental Materials

1.1.1 PANC-1 Pancreatic Cancer Cells and LX-2 Hepatic Stellate Cells

PANC-1 and LX-2 cells were selected for this study. PANC-1 cells are derived from pancreatic ductal carcinoma and grow as
adherent cells. Human hepatic stellate LX-2 cells are fibroblast-like liver cells involved in the synthesis and secretion of collagen,
glycoproteins, and other extracellular-matrix components, and they play an important role in cancer biology.

1.1.2 Induction of Human LX-2 Cells with PANC-1-Conditioned Medium

The CAF-like cells used in this study were provided by the laboratory. They had been induced with 30% PANC-1 cell culture

supernatant and validated by flow cytometry, which indicated successful induction.
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Cell induction began on July 10, 2022. Two experiments were conducted on August 4, followed by additional PCR experiments
on August 5, August 8, and August 12.

1.1.3 Other Experimental Materials

Table 1. Other experimental materials

Material Supplier
5x All-In-One RT MasterMix abm
2x RealStar Green Power qPCR mix GenStar

Isopropanol
TRIGene total RNA extraction reagent
Chloroform

Absolute ethanol

Beijing Yili Fine Chemicals Co., Ltd.
GenStar

Beijing Yili Fine Chemicals Co., Ltd.
Beijing Yili Fine Chemicals Co., Ltd.

DEPC-treated water GenStar
RNase-free pipette tips Axygen
Phosphate-buffered saline (PBS) Solarbio
Trypsin-EDTA (1x) Gibco

Primers

Sino-American  Taihe  Biotechnology
(Beijing) Co., Ltd.

Sterile double-distilled water GenStar

Table 2. Composition of the LX-2 culture medium
Reagent Content (%)
DMEM without supplements 89
Penicillin-streptomycin solution 1
Fetal bovine serum (FBS Premium) 10

Table 3. Composition of the CAF culture medium
Reagent Content (%)
DMEM without supplements 59
PANC-1 cell culture supernatant 30
Penicillin-streptomycin solution 1
Fetal bovine serum (FBS Premium) 10

Table 4. Experimental equipment

Equipment Manufacturer/Supplier
Centrifuge Thermo

Biological safety cabinet AIRTECH

Real-time quantitative PCR instrument Corbett

1.5 mL RNase-free microcentrifuge tubes Axygen

High-pressure PCR tubes Axygen

15 mL RNase-free centrifuge tubes NEST

Culture dishes

Axygen
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Equipment Manufacturer/Supplier
Microvolume spectrophotometer ARESTRO

PCR tubes Axygen

PCR instrument Bio-Rad

1.2 Experimental Methods
1.2.1 RNA Extraction

The culture supernatant was aspirated from LX-2 and CAF dishes. Residual medium was removed by washing with 3 mL PBS.
After the PBS was removed, 1 mL trypsin was added and the cells were pipetted to initiate detachment. Two milliliters of DMEM
with supplements were then added immediately, and the cells were pipetted until fully detached. The cell suspension was transferred
to a 15 mL centrifuge tube and centrifuged at 1,500 rpm for 1 min. The supernatant was removed, 1 mL DMEM with supplements
was added, and the pellet was resuspended.

The tube was centrifuged again at 1,500 rpm for 1 min. After the supernatant was removed, 1 mL TRIzol reagent was added.
The sample was left for 2-3 min, transferred to a 1.5 mL tube, mixed with chloroform by vigorous shaking, incubated for 2-3 min,
and centrifuged at 12,000 rpm for 30 min at 4°C.

The upper aqueous phase was transferred to a clean RNase-free 1.5 mL tube containing an equal volume of isopropanol. The
mixture was incubated at room temperature for 10 min and centrifuged at 12,000 rpm for 10 min at 4°C. The supernatant was
discarded, and the RNA pellet was washed with 75% ethanol and centrifuged at 12,000 rpm for 15 min at 4°C. Most of the ethanol
was removed, and the pellet was air-dried for 5-10 min.

The RNA pellet was dissolved in 20 pL DEPC-treated water and incubated in a 55°C water bath for 5 min. A 1 pL aliquot was
analyzed with a NanoDrop spectrophotometer to determine the RNA concentration, p (ng/puL).

1.2.2 Reverse Transcription PCR (RT-PCR)

DEPC-treated water and the reverse-transcription master mix were combined in an RNase-free PCR tube. Approximately 2 pg
of RNA was added to the reaction system, with the total reaction volume adjusted according to the concentration of each sample.
The tubes were placed in a PCR instrument at 37°C for 15 min and then at 80°C for 5 s to synthesize cDNA.

Table 5. Reverse-transcription reaction system (25 pL total)

Component Amount
5% All-In-One RT MasterMix SuL
RNA template 2ug/p
DEPC-treated water To 25 uL

1.2.3 Real-Time Quantitative PCR

Each PCR tube contained 5 pL. qPCR master mix, 3 pL water, 0.5 uL each of 10-fold-diluted forward and reverse primers for
the target gene (sequences listed in Table 7), and 1 pL ¢cDNA. Three parallel reactions were prepared for each gene. Real-time
quantitative PCR (qPCR) amplification was monitored using the Rotor-Gene 5 software. Relative collagen-gene mRNA levels
were calculated using the 2"(-AACt) method, and graphs were prepared in GraphPad Prism 9.4.0.

Table 6. qPCR reaction system (10 pL total)

Component Volume (uL)
2x RealStar Green Power qPCR mix 5
DEPC-treated water 3

Forward primer 0.5

Reverse primer 0.5

cDNA 1




Peibo Zheng Vol.1 Issue 2 2026, Global Biomedical Frontiers -
Table 7. Primer sequences

Gene Forward primer (5'-3") Reverse primer (5'-3")

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
COLIAI GAGGGCCAAGACGAAGACATC CAGATCACGTCATCGCACAAC
COL241 TGGACGATCAGGCGAAACC GCTGCGGATGCTCTCAATCT
COL341 GGAGCTGGCTACTTCTCGC GGGAACATCCTCCTTCAACAG
COL441 GGACTACCTGGAACAAAAGGG GCCAAGTATCTCACCTGGATCA
COL641 ACAGTGACGAGGTGGAGATCA GATAGCGCAGTCGGTGTAGG
COL1141 ACCCTCGCATTGACCTTCC TTTGTGCAAAATCCCGTTGTTT

The PCR program consisted of initial denaturation at 95°C for 10 min; 40 cycles of 95°C for 15 s, 60°C for 30 s, and 72°C for 30
s; melt-curve analysis from 72°C to 95°C for 115 s; and a hold at 95°C.

1.2.4 Cell Passaging

The LX-2 culture medium was aspirated, and the cells were washed with 3 mL PBS. After the PBS was removed, 1 mL trypsin-
EDTA was added and the cells were pipetted until they detached from the dish. Two milliliters of supplemented DMEM were
added to neutralize the trypsin, and the cells were pipetted until fully detached. The suspension was transferred to a 15 mL tube
and centrifuged at 1,500 rpm for 1 min. The supernatant was removed, the pellet was resuspended in 1 mL supplemented DMEM,
and 200 pL was transferred to fresh culture medium. Ten milliliters of supplemented DMEM were added, and the culture dish was
returned to the incubator. The remaining 800 pL cell suspension was used for PCR experiments.

The procedure for CAFs was essentially the same. After the cells were transferred to fresh culture medium, 3 mL PANC-1-
conditioned medium and 7 mL supplemented DMEM were added before continued induction.

2 Results and Analysis
2.1 Comparison of Type I and Type IV Collagen mRNA Levels in CAFs and LX-2 Cells
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Fig. 2 Comparison of COLIA1 mRNA expression in LX-2 cells and Fig. 3 Comparison of COL4A1 mRNA expression in LX-2 cells and
CAFs. CAFs.

The qPCR results showed that COLIA1 mRNA expression was lower in CAFs than in LX-2 cells under the experimental
conditions. Expression in the CAF group was highest on August 8 (approximately 30 days of induction) and then declined, but it
remained lower than that of the control group throughout the experiment.

COL4A1 mRNA was upregulated in CAFs under the experimental conditions. The greatest increase was observed on August
5 (approximately 27 days of induction). The degree of upregulation increased from August 4 to August 5, decreased between
August 5 and August 8, and then increased again between August 8 and August 12.

Table 8. COL1A1 mRNA relative expression values (2-4¢t)

Induction duration (days) LX-2 CAF

26 1.069 0.213
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Induction duration (days) LX-2 CAF
30 1.053 0.572
34 1.047 0.389

Table 9. COL4A1 mRNA relative expression values (2-4¢t)

Induction duration (days) LX-2 CAF
26 1.036 1.718
27 1.299 4.609
30 1.007 1.521
34 1.007 1.800
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Fig. 4 COL1A1 mRNA expression in CAFs across induction durations.  Fig. 5 COL4A1 mRNA expression in CAFs across induction durations.

Across the experimental interval (26-34 days of induction), COLIA1 and COL441 mRNA levels in CAFs both showed an
initial increase followed by a decrease, although COL4A1 increased again at the final time point.

2.2 Comparison of Type II, Type III, and Type VI Collagen mRNA Levels in CAFs and LX-2 Cells
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Fig. 6 Comparison of COL2A1 mRNA expression in LX-2 cells and  Fig. 7 Comparison of COL3A1 mRNA expression in LX-2 cells and
CAFs. CAFs.
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Fig. 8 Comparison of COL6A1 mRNA expression in LX-2 cells and CAFs.

COL2A1 expression in CAFs was clearly related to induction duration. Over an interval of approximately 9 days, expression
in the experimental group increased progressively, changing from markedly lower than the control group to markedly higher than
the control group.

COL3A1 expression was lower in CAFs than in LX-2 cells. Similar to COL241, COL341 mRNA in the experimental group
increased with induction duration. Unlike COL2A41, however, COL3A41 expression remained below the control group at all
measured time points, and the available results do not demonstrate a transition from downregulation to upregulation.

COLG6AI expression was generally lower in CAFs than in LX-2 cells. As with COL241, COL6A1 mRNA increased with
induction duration, and the difference from the control group was smallest on August 12 (approximately 34 days of induction). The
current results do not establish whether COL6A4 1 expression would eventually become higher than the control.

Table 10. COL2A1 mRNA relative expression values (2-4A¢t; experimental group P < 0.002)

Induction duration (days) LX-2 CAF
26 1.176 0.237
27 1.056 0.705
30 1.047 1.349
34 1.028 2.001

Table 11. COL3A1 mRNA relative expression values (2-*4¢t; experimental group P < 0.0001)

Induction duration (days) LX-2 CAF
26 1.064 0.072
30 1.016 0.283
34 1.016 0.468

Table 12. COL6A1 mRNA relative expression values (2-42¢t; experimental group P < 0.0005)

Induction duration (days) LX-2 CAF
26 1.013 0.382
30 1.007 0.835

34 1.008 0.938
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Fig. 10 COL3A1 mRNA expression in CAFs across induction

durations.

Across 26-34 days of induction, COL2A41, COL3A1, and COL6A4A1 mRNA levels in CAFs all increased continuously with

induction duration.

2.3 Comparison of Type XI Collagen mRNA Levels in CAFs and LX-2 Cells

Table 13. COL11A1 mRNA relative expression values (2-44¢t)

Induction duration (days) LX-2 CAF
26 1.065 0.139
27 1.019 0.223
30 1.088 0.240
34 1.091 0.244
2.0
- X2 1.2+
s = CAF B ., == - CAF
3 1.5  1.01 - X2
E E DB_
% 1.0 g0
Y 0.6
s s
°E= 0.5 °E= 0.4
| P P Sl
® 0.0 T T T "
] g 3 g g g [] T T 1
= & & & F § £ 24 28 32 36
& o -~ o 3 . 2
Vs W s ot & Induction duration {days)

Fig. 12 Comparison of COL11A1 mRNA expression in LX-2 cellsand Fig. 13 COL11A1 mRNA expression in CAFs across induction
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COL1141 mRNA expression was consistently lower in CAFs than in LX-2 cells under the experimental conditions. The degree
of downregulation was relatively stable on August 4 and became smaller between August 8 and August 12, with little additional
fluctuation.

Across 26-34 days of induction, COLI141 mRNA remained lower in pancreatic cancer-associated fibroblasts than in LX-2
controls and showed only a small increase with induction duration.

Because the standard deviation among the results of one of the control groups on August 4, 2022 was higher than that of the
other groups. Therefore, this group of data was not fully utilized. Given that COLI1A41 mRNA exhibited high stability in all the
tested groups, the data from this group were still included for presentation in order to further confirm the trend of collagen mRNA
expression changes.

3 Discussion

3.1 Type I and Type IV Collagens Showed Non-Monotonic Temporal Expression Patterns

Type I collagen has been reported to promote secretion of vascular endothelial growth factor A (VEGFA), vascular endothelial
growth factor receptor 1 (VEGFRI), and runt-related transcription factors (RUNX) by adipose-derived stem cells. The human
RUNX family comprises RUNXI, RUNX2, and RUNX3 and can function as either tumor suppressors or oncogenic regulators in
prostate cancer. RUNX3 may be lost in prostate cancer, whereas RUNXI and RUNX2 have been linked to epithelial-mesenchymal
transition, angiogenesis, and changes in genes involved in extracellular-matrix degradation that can promote bone metastasis. These
observations support an important role for type I collagen in cancer progression.

Transforming growth factor § (TGF-B) can promote type I collagen secretion, whereas type I collagen may indirectly attenuate
TGF-p signaling. This feedback relationship may help explain the initial increase and subsequent decline in COLIAI mRNA
observed in this study. Type I collagen is also a fibrillar structural protein that provides mechanical support and helps define cell
shape. It may therefore constrain unrestricted tumor-cell dispersal, which could be consistent with the lower COLIAI expression
observed in CAFs. Because metastatic and angiogenic programs change during tumor progression, the non-monotonic COLIAI
pattern may reflect time-dependent adaptation of CAFs to the TME.

Type IV collagen has been associated with lymphatic metastasis in breast cancer, and discontinuity or rupture of type IV
collagen has also been linked to recurrence and metastasis. In this study, COL4A41 upregulation in pancreatic cancer-associated
fibroblasts decreased between 27 and 30 days of induction and increased again thereafter. This fluctuation may reflect stage-
dependent remodeling of the basement-membrane environment, although the current data do not establish a causal mechanism.

3.2 Type II, Type III, and Type VI Collagens May Have Multiple Roles in Pancreatic Cancer

Like type I collagen, type 11 and type I1I collagens are interstitial collagens. Type II collagen forms thin fibrils and fine networks
in cartilage, where it contributes to elasticity and tensile strength. By analogy, an increase in type II collagen during tumor
development could contribute to a protective stromal network. This interpretation is consistent with the progressive increase in
COL2A41 mRNA observed during induction.

At defined concentrations, type II collagen can also induce immune tolerance and reduce symptoms in patients with rheumatoid
arthritis. CAFs might therefore influence immune responses by increasing COL2A1 expression. Together, these structural and
immunological properties suggest that type II collagen may have more than one role in the pancreatic tumor microenvironment.

Type 111 collagen has been reported to be downregulated in cervical cancer tissue, consistent with its lower expression in CAFs
under the present experimental conditions. Other studies suggest that type I1I collagen can inhibit invasion and metastasis of primary
breast cancer cells in mice, whereas higher expression has also been associated with poor prognosis in colorectal cancer. These
observations indicate that type III collagen may change dynamically during tumor progression. Although COL341 remained lower
in CAFs throughout this experiment, its gradual increase may reflect stage-dependent regulation.

COLG6AI expression has been associated with distant metastasis in chondrosarcoma and may help predict metastatic risk. In
clear-cell renal cell carcinoma, COL6A1 expression has been associated with T stage, N stage, clinical stage, and poor prognosis
[14], In pancreatic cancer, COL6A41 overexpression has likewise been linked to poor prognosis and has been reported to promote
metastasis of highly metastatic BxPC-MS cells through regulation of epithelial-mesenchymal transition. In light of these reports
and the temporal expression patterns observed here, type VI collagen may contribute differently at distinct stages of pancreatic
cancer development.

3.3 CAFs May Not Be the Primary Site of Type XI Collagen Expression in Pancreatic Cancer

In esophageal squamous cell carcinoma, COL 1A 1-positive tumor samples showed strong cytoplasmic staining, leading the
authors to propose that COL 1141 may be produced primarily by tumor epithelial cells rather than by extracellular-matrix-producing
10
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fibroblasts. The lower COL11A1 expression observed in pancreatic cancer-associated fibroblasts in this study is consistent with the
possibility that CAFs are not the principal source of COLI1A1 in pancreatic cancer.

A small increase in COLI1A1 expression was nevertheless observed in CAFs over the induction period. COLI1A1 has been
associated with poor prognosis and increased expression during tumor progression in esophageal squamous cell carcinoma, bladder
cancer, breast cancer, and ovarian cancer. The present results therefore do not exclude a potential contribution of CAF-derived
COL11A1 during pancreatic cancer progression.

4 Conclusion

Collagens in the extracellular matrix interact with tumor cells, stromal cells, and other components of the TME. Collagen gene
expression is therefore dynamic. Under the present experimental conditions, selected collagen-related transcripts in pancreatic
cancer-associated fibroblasts changed over time and may contribute to conditions that support tumor growth, invasion, and
metastasis.

COLIAI and COL4A41 mRNA levels showed non-monotonic changes with induction duration. COL241, COL3A1, and
COL6A1 mRNA levels increased progressively, although COL341 and COL6A41 remained below LX-2 control levels at the
measured time points. COLI1A41 expression remained low in CAFs relative to LX-2 cells, suggesting that pancreatic cancer-
associated fibroblasts may not be the primary site of type XI collagen expression. These observations provide a basis for further
investigation of collagen regulation and function in pancreatic cancer.

5 Limitations and Future Directions

Because of the limited research period and restrictions associated with the COVID-19 pandemic, as well as the time required
for cell culture, the induced cells were provided by the laboratory and fibroblast induction was not performed personally by the
author.

Each PCR experiment required a relatively large number of cells, which limited the sampling frequency. More closely spaced
measurements would provide a more precise description of the relationship between induction duration and mRNA expression.
Western blotting was not performed to determine whether the observed transcript-level changes were accompanied by changes in
collagen protein abundance. The temporal interpretations presented here should therefore be considered preliminary.

No pharmacological intervention was included, so the potential of the investigated collagens as therapeutic targets was not
directly tested. In vivo experiments were also not performed because of legal and practical restrictions associated with the author's
status as a high-school student.

Future work should increase sampling frequency, include protein-level validation, evaluate pharmacological perturbations, and,
where appropriate, test the findings in more physiologically relevant models.
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