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Abstract
Background: Extracellular matrix (ECM) is remodeled during carcinogenesis.
An abundant constituent of ECM is collagen. Type I collagen is secreted by fibro-
blasts, is important for tumor growth and epithelial-mesenchymal transition, and
may also be secreted by cancer cells. However, the role and function of cancer-
derived Type I collagen in the tumor microenvironment remains unclear.
Methods: We used immunohistochemistry and Western blot to detect Type I
collagen expression in non-small cell lung cancer (NSCLC) and esophageal squa-
mous cell carcinoma (ESCC) cell lines, respectively. We assessed the migration
and adhesion capability of these cells in vivo by inhibiting Type I collagen in
tumors. Relevant data were extracted from a large cohort study of The Cancer
Genome Atlas to analyze messenger RNA levels. Protein expression of Type I
collagen was further determined in tumor tissues of patients using tissue
microarray.
Results: Cancer cell lines secreted Type I collagen. The molecular weight of
cancer-derived Type I collagen was different from that secreted by cancer-
associated fibroblasts and normal fibroblasts. Expression levels of COL1A1 and
COL1A2 (subtypes of Type I collagen) messenger RNA in NSCLC and ESCC
tumors were higher than in normal tissues, but were not associated with tumor
node metastasis stages. Low expression of Type I collagen was significantly asso-
ciated with poor overall survival and cancer cell differentiation.
Conclusion: NSCLC and ESCC cells could produce Type I collagen endoge-
nously, revealing the potential functions of Type I collagen in cancer develop-
ment. Cancer-derived Type I collagen was associated with overall survival and
cancer cell differentiation.

Introduction

In the tumor microenvironment, the extracellular matrix
(ECM) plays an important role in tumorigenesis and
tumor development. Activation of the ECM is a landmark
event for the formation of a tumor from injured tissue
and cancer cells.1,2 Neoplastic cells grow, expand, and

metastasize, eventually resulting in cancer. This is
regarded as speciation, which is a heterogeneous and
adaptive process involving tumor microenvironment
remodeling.3,4

The major component of the ECM is collagen, of which
the most abundant is Type I collagen. Type I collagen is
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essential to maintain the structure of interstitial spaces,
skin, gut, and breast, as well as defining the mechanical
properties of tissues, including stiffness and porosity. Type
I collagen either promotes or represses cell migration and
positioning, depending on different contexts, such as can-
cer cell adhesion, proliferation, and differentiation.5–7 Type
I collagen-dense ECM can even drive the progression of
estrogen receptor 1 (ERα+) breast cancer by potentially
altering hormonal signals.8 In addition, Type I collagen
promotes embryonic stem cell growth,9 and contributes to
the formation of solid cord-like assemblies from microvas-
cular endothelial cells after adopting an in vitro spindle-
shaped morphology.10

It is widely accepted that Type I collagen is produced by
stromal fibroblasts.11–13 Tumor metalloproteinases (MMPs)
degrade Type I collagen into Type I procollagen peptides,
such as the amino-terminal propeptide (PINP) and
carboxy-terminal propeptide (PICP), during cancer devel-
opment. The levels of these propeptides are associated with
the prognosis of patients with ovarian cancer and could be
detected in serum, cyst fluid, and ascetic fluid.14,15 In 2008,
Palmieri et al. demonstrated that the procollagen I COOH-
terminal fragment (C3) could induce the expression of
VEGF and C-X-C motif chemokine receptor 4 (CXCR4),
as well as activating MMP-2 and MMP-9.1 Type I collagen
is crucial for the invasion and metastasis of ovarian cancer
cells, as it promotes the migration of cancer cells by inter-
acting with α2β1-integrin.16

However, few researchers have investigated the source of
Type I collagen, for instance, what it is made from and
where it comes from. “Plasticity” is a feature of the tumor
microenvironment during cancer development.17–19 During
the process, stromal cells, including fibroblasts, macro-
phages, and other non-cancer cells, are recruited to the
nearby tumor microenvironment. Over the past few
decades, the mainstream point of view has been that
tumors secrete MMPs to degrade Type I collagen in the
ECM. However, whether cancer could produce its own
Type I collagen remains unclear. Few researchers have con-
sidered that Type I collagen could be derived from tumors.
Only one study has shown the endogenous production of
Type I collagen by cancer cells.20 In our previous study, we
used a three-dimensional culture to show that cancer cells
could generate Type I collagen, which could affect tumor
growth.21 In the present study, we verified that Type I col-
lagen could be secreted by cancer cells, and further investi-
gated the role and clinical significance of Type I collagen
during cancer development. The results of in vitro and
in vivo experiments, together with relevant clinical data
and biological information databases, suggest that cancer-
derived Type I collagen is vital for tumor growth and has
significant clinical implications for patients during cancer
development.

Methods

Clinical specimens

Samples of lung tumor tissues were collected from re-
section specimens provided by Sun Yat-sen University
Cancer Center (Guangzhou, China).

Mice

Cancer cells were subcutaneously injected into three to
four-week-old nude male mice via one of their flanks. The
Institutional Animal Care and Use Committee (IACUC) of
Sun Yat-sen University approved all animal use protocols.
All applicable institutional guidelines of GDPU for the care
and use of animals were followed.

Immunohistochemistry

Immunohistochemistry (IHC) was performed following
instructions on the Cell Signaling Technology Inc. website
(Danvers, MA, USA).

Masson’s trichrome staining

Tissues slides were deparaffinized and rehydrated accord-
ing to standard pathological techniques.

Primary cell culture

Lung tumor tissue and normal lung tissue were cut into
fine pieces for primary culture.
Further details of each of these stages are available in

Appendix S1.

Collection of cell culture medium

Details are shown in the legends to the Supplementary Figures.

Western blotting

Western blotting was conducted following the standard pro-
tocol advised on the Cell Signaling Technology Inc. website.

Wound healing and Transwell invasion
assays

A Type I collagen inhibitor (procollagen C-proteinase, Cat:
K383367) was purchased from Selleck Chemicals Inc.
(Houston, TX, USA). Wound healing and invasion assays
were then performed using cells treated with and without
procollagen C-proteinase. Further details are available in
Appendix S1.

278 Thoracic Cancer 10 (2019) 277–288 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

Type I collagen in NSCLC and ESCC S. Fang et al.



Cell colony formation assay

Colonies of cultured cancer cells were quantified to assess
cancer cell colony formation. Cancer cells (5 × 103 cells)
were cultured in 60 mm dishes. After three to four weeks,
cell colonies were counted. The experiment was repeated
three times. The results are presented as mean values �
standard deviation.

Statistical analysis

SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used
to analyze the data. Pearson’s chi-square test was used to
compare the clinicopathological features of tumors in Type
I collagen-positive and negative patients. Continuous data
were analyzed using a t-test. Kaplan–Meier plots and log
rank tests were used for survival analysis. A P value < 0.05
was considered statistically significant.

Results

Collagen expression was found in lung
cancer nests after Masson’s trichrome
staining

Most researchers believe that Type I collagen is produced
by fibroblasts. Our results confirmed this conclusion
(Fig 1a); however, we also observed collagen expression in
the normal vascular wall of the lung (Fig 1b) and in several
clinical samples from cancer nests after Masson’s tri-
chrome staining (Fig 1c, arrows). Interestingly, further
investigation revealed that collagen was expressed in differ-
ent subtypes of cancer, including lung squamous and ade-
nocarcinoma (Fig 1d,e, respectively).

Type I, but not Type III or IV collagen is
expressed in lung cancer nests

To further explore which type of collagen is expressed in
cancer nests, IHC was performed using antibodies recog-
nizing Type I, III, and IV collagen. The results showed
that Type I collagen, but not Type III or IV, was present
in lung cancer nests (Fig 2). We also observed the expres-
sion of Type I collagen in the ECM (Fig 1a). Similar
results were observed in IHC analysis of xenograft sam-
ples: Type I collagen was markedly expressed in cancer
nests, while Type III and IV were undetectable (Fig 2).
The results revealed that in certain types of lung cancer,
the expression of Type I collagen was significantly higher
than that of Type III and IV. These preliminary findings
revealed that the major type of collagen expressed in lung
cancer tissue is Type I.

Lung cancer cells secrete Type I collagen

To further investigate whether Type I collagen could be
derived from cancer cells in addition to fibroblasts, we con-
ducted Western blotting to detect the potential expression of
Type I collagen in four kinds of lung cancer cell lines, includ-
ing squamous carcinoma and adenocarcinoma (SCC35,
SCC37, SCC210011, and AD212102). The results confirmed
the expression of Type I collagen in lung cancer cell lines
(Fig 3a). To verify the specificity of the antibody used in
Western blotting, we detected Type I collagen protein
extracted from mouse tail, the principal component of which
is Type I collagen. The results showed that the antibodies
were sensitive and specific for Type I collagen from mouse
tail and displayed a ladder of molecular weights in Western
blotting results (Fig 3b). These results are consistent with
findings from our previous study that Type I collagen mes-
senger RNA (mRNA) could be expressed in lung cancer cell
lines, as determined by quantitative real-time PCR (qRT-
PCR). To clearly observe the expression of Type I collagen in
both cancer cells and fibroblasts, we built a cell culture model
as follows: fresh tumor tissues were obtained from the clini-
cal department of the Sun Yat-sen University Cancer Center,
which were cultured after being washed with phosphate buff-
ered saline and cut into fine pieces. The primary tumor tis-
sues contained both cancer cells and fibroblasts. After
15–25 days, growth of the cancer cells and fibroblasts in
dishes with 3.7% paraformaldehyde was terminated. IHC
was then conducted using the antibodies recognizing Type I
collagen. The results showed that cancer cells and fibroblasts
co-existed in the dishes. Tumor cells were identified using an
antibody recognizing cytokeratin, a high molecular weight
cancer marker. We observed that not only fibroblasts, but
also cancer cells produced Type I collagen (Fig 3c).
Furthermore, we used a bioinformatic platform (www.

proteinatlas.org) to analyze the expression of two subtypes
of Type I collagen, COL1A1 and COL1A2. The results
showed that both COL1A1 and COL1A2 existed in cancer
tissue,22 and the proteins were expressed in various types
of cancer, including lung cancer (Fig 3d,e), as shown in the
green line frame.

Inhibiting cancer cell-derived Type I
collagen promoted cancer cell invasion
and suppressed tumor clone formation

To determine whether cancer-derived Type I collagen has an
effect on cancer cell activity, we reduced the activity of Type
I collagen using its inhibitor, procollagen C-proteinase. The
results of wounding healing assay demonstrated that inhibi-
tion of Type I collagen in A549 cells promoted the invasive
ability of cancer cells (Fig 4a,b). Fewer clones formed from
cancer cells in the group treated with procollagen C-
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proteinase than in the control group (Fig 4c). However,
Transwell migration assay showed increased migration of
cancer cells across the wells after treatment with procollagen
C-proteinase (Fig 4d). These findings indicate that cancer-
derived Type I collagen might promote tumor clone forma-
tion while suppressing cancer cell invasion.

High expression levels of COL1A1 and
COL1A2 messenger RNA in NSCLC
and ESCC

Type I collagen from the ECM is widely believed to pro-
mote tumor growth, whereas the function of cancer-

derived Type I collagen in cancer development remains
unclear. In the present study, we confirmed that Type I
collagen was also secreted by tumors; therefore, we further
investigated whether the mRNA expression of Type I colla-
gen was associated with cancer stage. We collected data
from The Cancer Genome Atlas (TCGA) database (https://
cancergenome.nih.gov) of 501 patients with esophageal
squamous cell carcinoma (ESCC) and 535 patients with
non-small cell lung cancer (NSCLC).23–26 We analyzed and
compared the mRNA expression levels of COL1A1 and
COL1A2 in tumors and normal tissue samples. As
expected, the mRNA levels of these two subtypes of Type I
collagen were both significantly higher in tumor tissue than

Figure 1 Masson’s staining
revealed partial expression of Type
I collagen in lung cancer nests. (a)
Type I collagen expression was
detected in non-small cell lung can-
cer tissue using immunohistochem-
istry staining (brown) and was
mainly located in the extracellular
matrix (left), with little located in
the tumor, as shown by high
power microscope field (right,
400×, bar = 25 μm). (b) After Type
I collagen was stained blue with
Masson’s staining, we observed
that the bronchus was encircled by
Type I collagen (arrows), indicating
that Type I collagen was expressed
in normal lung tissue. (c) We also
observed several blue lines in the
lung cancer nest. (d,e) Similar find-
ings were observed in lung squa-
mous and lung adenocarcinoma.
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in normal tissue in all types of cancer studied, including
lung adenocarcinoma (LUAD), lung squamous cell carci-
noma (LUSC), and ESSC (all P < 0.0005) (Fig 5a).

Nevertheless, they were not associated with cancer stage
(group 1: stages I and II, group 2: stages III and IV, all
P > 0.05) (Fig 5b).

Figure 2 Type I collagen, but not Type III or IV, was identified in lung cancer nests. (a) To explore which type of collagen was expressed in the lung
cancer nests, we conducted immunohistochemistry on the tumor tissue. Type I collagen expression was found in human lung tumor tissues. (b) We
further assessed xenograft tissue sections from mice transplanted with lung cancer cells using antibodies recognizing Type I, III, and IV collagen.
Under 200× magnification, Type I collagen was observed in the cancer nest, while the expression of Type III and IV was barely observed.
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Figure 3 Lung cancer cell lines produce Type I collagen. (a) Western blotting results show that non-small cell cancer cell lines could produce Type I
collagen, which could be detected in the culture medium. Several cell lines expressed two types of Type I collagen, but their identities are unknown.
The second protein band might represent a small degraded fraction derived from Type I collagen. (b) To confirm the specificity of the antibody, we
examined extracts of mouse tail, which mainly comprise Type I collagen. The ladder band of Type I collagen displayed different molecular weights.
The molecular weight of Type I collagen was approximately 128 kDa and other ladder bands were degradation products. (c) Primary cancer cell cul-
ture with immunohistochemistry (IHC) was used to analyze cancer cells and fibroblasts derived from tumor tissue. Type I collagen was expressed in
both cancer cells and fibroblasts (400×). (d,e) Data were extracted from the protein atlas database to analyze the protein expression of Type I colla-
gen in various cancer types using antibodies recognizing COL1A1 and COL1A2. GAPDH, glyceraldehyde 3-phosphate dehydrogenase. H, M,

L, Not, H, M, L, Not.
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Clinical significance of Type I collagen
expression in ESCC

To determine whether Type I collagen could also be derived
from other types of cancer cells, we conducted Western blot-
ting to detect Type I collagen in seven ESCC cell lines. Type
I collagen expression was detected in all seven ESCC cancer
cell lines (Fig 5a). We continued to explore whether the
Type I collagen derived from cancer cells was the same as
that secreted by cancer-associated fibroblasts (CAFs) and
normal fibroblasts (NFs). Western blotting results confirmed

the expression of Type I collagen in the ESCC cell lines
(Fig 6a) and identified a different molecular weight of ESCC
cancer cells from that secreted by CAFs and NFs (Fig 6b).
The reason for the difference could be that Type I collagen
comprises various degradation products in cancer cells and
fibroblasts (CAFs and NFs). The specificity and quality of
the Type I collagen antibody was confirmed in the previous
experiment (Fig 3b).
To further explore whether the protein expression of Type

I collagen derived from cancer is related to cancer stage, we
conducted tissue microarray analysis in a retrospective

Figure 4 Inhibition of cancer-derived Type I collagen suppressed tumor clone formation while increasing the invasive ability of cancer cells. (a,b)
Wound-healing assays show that cell motility and invasion were markedly increased in an A549 cell line treated with a Type I collagen inhibitor. Rep-
resentative images were taken at 0, 24, and 48 hours after scratching. (c, top) After Type I collagen was inhibited, a significant reduction in the num-
ber of tumor clones was observed on the culture dishes, indicating that the Type I collagen inhibitor significantly suppressed tumor clone formation.
(c, bottom) Cancer cell invasion was also promoted when Type I collagen was inhibited. The results are presented as the mean � standard deviation.
(d) Column charts of the statistical results (P, *< 0.05, **< 0.01). Control, C inhibitor.
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Figure 5 The expression of Type I collagen messenger RNA (mRNA) was higher in tumor tissue than in normal tissue. (a) Clinical data of 501 patients
with esophageal squamous cell carcinoma (ESCC) and 535 patients with lung cancer (LUAD and LUSC) from The Cancer Genome Atlas were col-
lected, and the mRNA expression level of Type I collagen (COL1A1 and COL1A2) in these patients was analyzed. The level of mRNA expression of
Type I collagen was significantly higher in tumor tissue than in normal tissue (P < 0.0001). (b) mRNA expression of Type I collagen was not associated
with cancer stage (P > 0.05).
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cohort of 258 patients with ESCC. The analysis focused on
Type I collagen expression inside tumors rather than in the
ECM (as shown by the representative image in Fig 6c, left).
Interestingly, in some patients, Type I collagen expression
was significantly lower in tumor tissues than in adjacent

non-tumor tissues (87/258, 33.7%; P < 0.001). Correlation
analysis showed that low Type I collagen expression in ESCC
tumors was significantly associated with cancer cell differen-
tiation (P = 0.0058). No significant association was found
between downregulation of Type I collagen and other

Figure 6 Type I collagen is secreted by esophageal squamous cell carcinoma (ESSC) and has clinical significance. (a) Type I collagen was determined in
ESCC cells lines using Western blotting. (b) Comparison between cancer-derived and fibroblast-derived Type I collagen revealed that they have different
molecular weights. Cancer-derived Type I collagen was represented by 72 kDa and 95 kDa bands, while the tumor fibroblast (TF) and normal fibroblast
(NF)-derived samples only show the 95 kDa band. They both expressed a 120 kDa band (data not shown). (c) A tissue microarray assay using immunohis-
tochemistry shows that Type I collagen was significantly overexpressed in the tumor tissues of 258 patients with ESCC from Lin County (Henan province,
China) compared to non-tumor tissues. Kaplan–Meier analysis showed that low expression levels of Type I collagen were significantly associated with poor
overall survival and cell differentiation. (d) Considering that stem cells are related to cell differentiation, we used a teratoma tumor model made from
human embryonic stem cell lines in vivo to verify that Type I collagen was present in situ in cancer stem-like cells, which maintain a differentiation state.
All values were expressed as the average of three biological replicates. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IgG, immunoglobulin.
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clinicopathological parameters (P > 0.05, Pearson χ2 test)
(Table 1).
Univariate survival analysis suggested that downregu-

lated expression of Type I collagen was positively and sig-
nificantly correlated with the overall survival of patients
with ESSC (log rank = 15.0; P < 0.001) (Fig 6c, Table 2).
The mean overall survival times in Type I collagen-positive
(n = 171) and Type I collagen-negative (n = 87) patients
with ESCC were 49.6 (95% confidence interval
[CI] 46.0–53.2) and 34.5 (95% CI 29.1–39.8) months,
respectively. Multivariable Cox regression analysis was
used to assess the hazard ratios (0.740 [0.566–0.870]) and
the results indicated that cancer cell-derived Type I colla-
gen could be a potential prognostic marker to predict the
overall survival of patients with ESCC (P < 0.05) (Table 2).
As mentioned above, we noted that low levels of Type I

collagen in ESCC were significantly associated with cancer
cell differentiation. To explore whether the expression of
Type I collagen in cancer stem cells in vivo is related to cell
differentiation, we generated embryonic carcinomas by trans-
ferring embryonic stem cell lines from human blastocysts

into SCID mice to create a tumor model27 and used this
model to determine whether Type I collagen was expressed
in cancer stem-like cells. IHC analysis confirmed the exis-
tence of Type I collagen in embryonic carcinoma (Fig 6d),
indicating that cancer-derived Type I collagen was expressed
during the process of cancer stem cell growth.

Discussion

A number of previous studies have demonstrated that Type
I collagen is important for cancer development. It pro-
motes cancer cell survival and prostate cancer cell prolifer-
ation via the activation of relevant cell signals.28–30 Type I
collagen is also implicated in the induction of epithelial-
mesenchymal transition in carcinoma cell lines from the
lung31 and breast.32 Type I collagen could downregulate
E-cadherin in pancreatic cancer by inducing the disruption

Table 1 Clinical correlation of cancer-derived collagen I expression in
258 of primary ESCCs

Collagen I expression
P

Clinical Feature Number Normal Low

Gender 0.792
Male 115 75 (65.2%) 40 (34.8%)
Female 143 96 (67.1%) 47 (32.9%)

Age 0.427
≤ 60 146 100 (68.5%) 46 (31.5%)
> 60 112 71 (63.4%) 41 (36.6%)

Tumor invasion§‡ 0.879
T1 19 9 (47.4%) 10 (52.6%)
T2 73 37 (51%) 36 (49.3%)
T3 157 83 (53%) 74 (47.1%)

Lymph node Metastasis 0.507
N0 150 102 (68.0%) 48 (32.0%)
N1 108 69 (63.9%) 39 (36.1%)

TNM stage 0.479
Early stage (I–II) 177 120 (67.8%) 57 (32.2%)
Advanced stage (III–IV) 81 51 (63.0%) 30 (37.0%)
Tumor size (cm3)†, ‡ 0.134
≤ 5 30 17 (57.7%) 13 (43.3%)
> 5 172 121 (70.3%) 51 (29.7%)

Cell differentiation 0.0058
Well (I–II) 31 22 (71.0%) 9 (29.0%)
Moderate (III) 166 118 (71.1%) 48 (28.9%)
Poor (IV) 58 28 (48.3%) 30 (51.7%)

†Tumor size was measured and obtained by 0.5 × the length × (the
width).2 ‡Partial data was not available, thus all statistics were based
on informative data. §Invasion was defined by results of final pathologi-
cal analysis. Bold text indicates a statistically significant difference.
ESCC, esophageal squamous cell carcinoma; TNM, tumor node
metastasis.

Table 2 Univariate and multivariate analysis of overall survival rate and
clinicopathological parameters in 258 pairs of primary ESCCs

Univariate†
Multivariate‡

Factor P HR (95% Cl) P

Gender 0.707 1.029 (0.619–1.711) 0.911
Male
Female

Age 0.366 1.009 (0.980–1.039) 0.543
≤60
>60

Tumor invasion§ 0.031 2.619 (0.198–3.803) 0.851
T1
T2
T3

Lymph node Metastasis 0.000 0.967 (0.367–2.546) 0.945
N0
N1

TNM stage 0.000 1.669 (0.622–4.479) 0.309
Early stage (I–II)
Advanced Stage (III-IV)
Tumor size (cm3)¶,†† 0.039 2.432 (0.747–7.911) 0.139
≤ 5
> 5

Cell differentiation 0.000 1.808 (1.139–2.870) 0.012
Well (I–II)
Moderate (III)
Poor (IV)
Collagen I 0.000 0.740 (0.566–0.870) 0.027
Negative
Positive

†By Kaplan–Meier. ‡By Cox proportional-hazards regression model.
§Tumor size was measured and obtained by 0.5 × the length × (the
width).2 ¶Partial data was not available, thus all statistics were based
on informative data. ††Invasion was defined by results of final patho-
logical analysis. Bold text indicates a statistically significant difference.
CI, confidence interval; ESCC, esophageal squamous cell carcinoma;
TNM, tumor node metastasis.
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of E-cadherin33 and SMADS.34 Type I collagen promotes
pancreatic cancer metastasis by activating c-Jun
NH2-terminal kinase 1 and upregulating N-cadherin
levels.35 However, nearly all of these studies were con-
ducted based on the fact that Type I collagen is secreted by
fibroblasts. In our experiments, we confirmed that Type I
collagen, but not Type III and IV, is expressed in cancer
nests by using tumor sections, tumor xenografts, and can-
cer cells derived from patients. We validated the expression
of Type I collagen in cancer cell lines and in their culture
medium using Western blotting. We further confirmed this
using primary cell culture and embryonic carcinoma as a
tumor model, when stained with antibodies recognizing
Type I collagen antibody (Fig 6).
Type I collagen was secreted not only by cancer cells but

also by fibroblasts. We performed a comparison and found
that cancer-derived Type I collagen has a different molecu-
lar weight from that of fibroblast-derived (CAF and NF)
Type I collagen; however, we did not obtain their amino
acid sequences. Our previous study showed that the stimu-
lation of fibroblast culture supernatant could lead to the
overexpression of cancer-derived Type I collagen.21

Cancer-derived and fibroblast-derived Type I collagen
could affect the tumor microenvironment, although the
underlying mechanisms need to be explored. Type I collagen
generated by cancer contributes to tumor clone formation.
Previous studies have claimed that the excessive production
of Type I collagen is not caused by increased collagen syn-
thesis by stromal fibroblasts but instead is endogenously
produced by breast cancer cells.36 Our findings are consis-
tent with this theory. Considering the ubiquity of Type I col-
lagen, it was meaningful to verify the existence of cancer-
derived Type I collagen in this pilot study.
We observed the expression of Type I collagen in both

cancer cells and fibroblasts using primary cell culture.
However, although we focused on tumor nests rather than
tissues adjacent to the tumor, we were still unable to distin-
guish cancer-derived Type I collagen from fibroblast-
derived Type I collagen.
In summary, our results suggest the novel concept that

cancer cells produce Type I collagen endogenously. By
inhibiting Type I collagen, we found that cancer-derived
Type I collagen could facilitate cancer cell adhesion by
modulating the ECM to promote tumor clone formation.
Low expression of Type I collagen was significantly associ-
ated with cancer cell differentiation, and correlated with
poor prognosis in 258 patients with ESCC. These findings
provide new insights into the role of cancer-derived Type I
collagen in cancer development and its clinical value in
cancer therapy. Type I collagen produced by cancer cells is
a promising target to improve cancer diagnosis and treat-
ment. Further studies are warranted to verify other func-
tions of Type I collagen in tumors.
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