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Background Thrombospondin type 1 domain-containing 7 A (THSD7A) expression, an angiogenesis-related protein,
has been implicated in various aspects of cancer progression, reflecting its potential as a prognostic marker for various
cancers. Therefore, we investigated the prognostic value of THSD7A expression in colorectal cancer (CRC).

Methods A total of 95 patients with CRC were included. The patients were stratified into two groups according

to THSD7A expression status determined by immunohistochemistry [negative (no staining), and positive
(expression > 1% of cancer cells)]. The overall survival (OS) of prognostic subgroups was estimated by Kaplan Meier
method. The prognostic value of THSD7A expression was evaluated by univariable and multivariable Cox regression

Results THSD7A was expressed in 42.1% of CRC patients. Patients with no THSD7A expression had inferior OS
than patients with THSD7A expression (72.9 months vs. median OS was not reached, p=0.001, respectively). Our
multivariate analyses revealed that the independent predictors of OS were poor differentiation of tumor (HR: 2.603,
p=0.002), advanced stage (HR: 3.210, p<0.001), and the loss of THSD7A expression (HR: 3.094, p=0.001).

Conclusions The present study showed that THSD7A expression could serve as a potential prognostic marker for
CRC cancer. Further research is warranted to elucidate the exact underlying THSD7A-mediated cancer progression
and to explore its clinical use in improving CRC prognostication and treatment strategies.
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Introduction

Colorectal cancer (CRC) is one of the most prevalent can-
cers worldwide and the second most common cause of
cancer-related deaths in the United States [1]. Increasing
efforts in screening and early detection policy and recent
advances in local and systemic treatment modalities have
led to better survival outcomes in CRC. Approximately
20% of CRC patients have metastatic disease at initial
presentation, indicating a poor prognosis [2]. The com-
bination of systemic chemotherapy agents with mono-
clonal agents such as anti-vascular endothelial growth
factor (VEGF) antibody bevacizumab and anti-epidermal
growth factor receptor antibodies, panitumumab and
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cetuximab, has led to an improvement in CRC survival
[3-5]. Even though treatment with new modalities like
monoclonal antibodies, immune checkpoint inhibitors,
and targeted therapy has been associated with superior
survival outcomes in CRC [6-9], the prognosis of meta-
static CRC (mCRC) remains poor, with 5-year survival
rate of 14% [10].

The association between angiogenesis and cancer
pathogenesis has been shown in various trials. Throm-
bospondin type 1 domain-containing 7 A (THSD7A), a
glycoprotein involved in cell adhesion and angiogenesis,
has emerged as a novel marker for the prognostication
of various tumors [11-14]. THSD7A consists of soluble
(STHSD7A) and membrane-bound N-glycoprotein parts.
It was shown that the STHSD7A was the functional part
and took part in angiogenesis via inducing sprouting,
endothelial cell migration, and formation of filopodia and
tube [15] Additionally, THSD7A induces angiogenesis
via activation of focal adhesion kinase (FAK)-dependent
signaling pathway [15], which has a crucial role in vascu-
lar network stability and cell survival [16] In contrast to
these findings, several motifs and domains of THSD7A
have a regulatory role in angiogenesis, such as throm-
bospondin type 1 repeats, which contribute to vascular
homeostasis via their effects on cell aggregation, cell-cell
contact, cell motility and proliferation, and inhibition
of angiogenesis [17]. It was also demonstrated that the
expressions of VEGF receptor (VEGFR)-1, VEGFR-2, and
notch-regulated ankyrin repeat protein (NRARP) a/b,
angiogenic markers, were significantly decreased by the
knockdown of THSD7A [18] In addition to angiogenesis,
THSD7A involves in several parts of cancer pathogene-
sis. Hou et al. investigated the effect of THSD7A on cell
cycle, apoptosis, migratory and invasive capacity, and cell
proliferating activity in esophageal squamous cell carci-
noma cell lines (Eca 109 and EC 9706) and showed that
knocking out THSD7A resulted in decreased of prolif-
eration, invasion, and migration; increased apoptosis and
the cell cycle arrest at G1 phase [12]. However, the prog-
nostic impact of THSD7A expression in different tumor
types is not consistent. For example, while the loss of
THSD7A expression is associated with inferior survival
outcomes in renal cell carcinoma (RCC) and CRC, the
overexpression of THSD7A expression in prostate cancer
is related to poorer outcomes [13]. Our previous study
revealed that we showed an inverse relationship between
THSD7A expression and pathologic determinants of
CRC in a rat model [19]. On the other hand, scant data
about the association between THSD7A expression and
survival outcomes of CRC is available. Therefore, the
present study was conducted to evaluate the significance
of THSD7A expression on the clinicopathological param-
eters and the association between THSD7A expres-
sion and overall survival (OS) of CRC. We also aimed to
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analyze the association between THSD7A expression and
OS in de novo mCRC treated with a combination of che-
motherapy and monoclonal agents.

Materials and methods

Patients and study design

This retrospective and observational study included
95 CRC patients who were >18 years old and treated
between January 2009 and December 2019 at the Depart-
ment of Medical Oncology at Hacettepe University
Cancer Institute in Ankara, Turkey. The whole patient
population had a history of colectomy for curative or pal-
liative intent in early or advanced stages. Patients with
missing clinic-pathologic data, scanty follow-up, and
inadequate tissue sampling for immunohistochemical
analysis with THSD7A were excluded. Clinical Research
Ethics Committee of Hacettepe University approved the
study, and written informed consent was obtained from
the study population or their relatives. All procedures in
this study were carried out in accordance with the 1964
Declaration of Helsinki and its later amendments.

Immunohistochemistry

The immunohistochemical analysis, as described previ-
ously [16], was performed by two independent patholo-
gists blinded to patients’ prior clinical and pathological
data. In brief, the sections with a thickness of 3-um were
obtained from tissue blocks of patients with CRC and
transferred to other paraffin blocks. The tissue sections
with 4-pm-thickness were deparaffinized at 72° and then
incubated with a primary antibody specific for THSD7A
([CL3778], ab243031, Abcam, Cambridge, UK, dilu-
tion 1:150) overnight at 4°. The samples were washed
in phosphate-buffered saline and counter-stained with
hematoxylin. Tumors without any staining were consid-
ered negative. Tumors with 1+ staining in <70% or with
2 + staining in <30% of cells were considered weakly posi-
tive. Tumors with 1 + staining in >70% and with 2 + stain-
ing in >30% but <70% and with 3 +staining in <30% of
cells were considered moderately positive. Tumors with
2 + staining in >70% and with 3 + staining in >30% of cells
were considered strongly positive. The staining status of
THSD7A was dichotomized into two prognostic groups
for statistical analysis: negative (no expression in any
tumor cell) and positive (expression>1% of cancer cells),
as in other studies investigating the prognostic value of
THSD7A expression in cancer [11, 20, 21].

Statistical analyses

Non-normally distributed continuous variables were pre-
sented as median with interquartile range, and categori-
cal variables were expressed as percentages. Chi-square
and Mann—Whitney U tests were applied to measure
the associations in categorical and continuous variables,
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respectively. The follow-up time was calculated from the
day of diagnosis until the day of death or the last contact.
OS was measured as the period from the start of treat-
ment to death from any cause. Kaplan Meier procedure
was used for the estimation of OS, and the difference in
prognostic subgroups was evaluated using the long-rank
test. Statistical Package for Social Sciences version 25
(IBM Inc., Armonk, NY, USA) software was used for all
the statistical analyses.

Results

Baseline patient characteristics

Overall, 95 CRC patients were enrolled in the present
study with a median age of 63 (range: 29-81), and 58.6%
of them were males. THSD7A expression was seen in
42.1% of patients with CRC. Representative images for
different expression status for THSD7A were shown in
Fig. 1, and the clinicopathological characteristics of cases
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stratified according to THSD7A expression levels were
presented in Table 1. Patients without THSD7A expres-
sion were more likely to have lymphovascular invasion
(LVI) than those with THSD7A expression (p=0.014).
Other clinic-pathological determinants, including age,
gender, tumor location site, perineural invasion (PNI), T
stage, N stage, M stage, and tumor differentiation status,
were similar between THSD7A prognostic groups.

Survival outcomes
THSD7A expression was detected in 56.5% of CRCs.
However, the percentages of positive staining for
THSD7A in localized and metastatic patients were
37.5% and 46.8%, respectively. Fifty-two (54.7%) patients
died during the median follow-up time of 69.5 months
(35.7-100).

Kaplan-Meier analyses revealed that patients with
THSD7A expression had superior OS than those without
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Fig.1 Immunohistochemical staining showing different expression status for THSD7A with magnification 200x. A negative staining for THSD7A. B weakly
positive THSD7A expression. C moderately positive THSD7A expression. D strongly positive THSD7A expression staining



Aktepe et al. BMC Gastroenterology (2025) 25:179

Table 1 Patient characteristics stratified based on THSD7A
expression status

Variable THSD7A expression Pvalue
Negative Positive
n=55(57.9%) n=40 (42.1%)
Gender 65.5 475 0.080
Male
Age, range 64 (30-78) 61 (29-81) 0.151
T2-3 55.6 52.5 0.759
T4 444 47.5
NO 25.5 30 0817
N1-2-3 74.5 70
MO 54.5 45 0.358
M1 455 55
LVI 231 475 0014
Absent 76.9 525
Present
PNI 212 27.5 0479
Absent 78.8 72.5
Present
Tumor location 72.7 77.5 0.597
Left 273 225
Right
Histology 418 60 0.080
Good 58.2 40

Moderate-poor

Dichotomous and continuous variables were presented as percentages
and median with interquartile range, respectively. Abbreviations: LVI:
lymphovascular invasion; PNI: perineural invasion; THSD7A: thrombospondin
type 1 domain-containing 7 A

THSD7A expression [median OS was not reached vs.
52.6 months (95% CI: 19.4-85.8), p=0.001, Fig. 2A].
Furthermore, taking disease stage into consideration,
Patients with THSD7A expression had better median OS
than patients with no THSD7A expression in both local-
ized and metastatic disease [median was not reached in
THSD7A positive group vs. 93.8 months in THSD7A
negative group (95% CI: 87.3-100.3), p=0.040 for local-
ized disease, Figs. 2B and 92.4 months (95% CI: 53-131.9)
vs. 36.4 months (95% CI: 32.3-40.5), p=0.001 for meta-
static disease, Fig. 2C, respectively]. When considering
the prognostic factors associated with OS, univariate
analyses showed that LVI, PNI, tumor stage, tumor dif-
ferentiation and THSD7A expression status all had a
significant impact on OS (Table 2). However, as shown
in Table 3, multivariate analyses revealed that the inde-
pendent predictors influencing worse OS were poorly
differentiated tumor histology (HR: 2.603, 95% CI: 1.419—
4.777, p=0.002), advanced tumor stage (HR: 3.210, 95%
CI: 1.693-6.086, p<0.001), and negative expression for
THSD7A (HR: 3.094, 95% CI: 1.576—6.074, p=0.001).

Discussion

THSD7A has garnered significant attention in cancer
research because of its diverse functions in carcinogen-
esis and cancer progression. Also, the multifaceted roles
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of THSD7A include angiogenesis, tumor growth, treat-
ment resistance, and metastasis, reflecting its crucial
functions in the tumor microenvironment. In the present
study, we investigated the prevalence of THSD7A expres-
sion in CRC and whether THSD7A expression has been
linked to OS of CRC patients. Our findings showed that
THSD7A expression was seen in 42.1% of CRC and nega-
tive expression of THSD7A was associated with worse
survival outcomes in CRC. We also demonstrated that
mCRC patients without THSD7A expression had inferior
OS times compared to those with THSD7A expression.

The functional role of sSTHSD7A executes its function
in the early steps of endothelial cell migration process,
which involves chemotaxis mainly driven by VEGF and
basic fibroblast growth factor; haptotaxis stimulated
by binding of integrins to extracellular matrix (ECM);
and mechanotaxis, the directional migration process in
response to the mechanical forces [22—24] It also induces
filopodia formation, and focal adhesion complex (The
assembly of FAK, paxillin, and vinculin) [15], which is
compatible with the functionel roles of other key angio-
genesis-related proteins such as VEGF-A, and VEGF-C
[25] Furthermore, sSTHSD7A induces mitogen-activated
protein kinase by increasing the phosphorylation levels
of Erk1/2 and P38, contributing to the downstream cell
migration signaling pathways of THSD7A [15] All these
data indicate the roles of THSD7A in angiogenesis.

In addition to angiogenesis, Shen et al. investigated
the functional roles of THSD7A in gastric cancer and
showed that THSD7A is involved in tumor progression
via various processes, including epithelial-mesenchymal
transition (EMT), the activity of ECM-receptor interac-
tion, IL2- STATS5 signaling pathway, and vascular smooth
muscle contraction (VSMC) [26]. The EMT process has
been documented to play an essential role in tumor pro-
gression and metastasis in various tumors, including CRC
[27-29]. ECM-receptor interaction was reported to have
crucial roles in the progression, prognosis, and metasta-
sis of CRC [30]. It was shown that the overexpression and
constitutive activation of STAT5 were associated with
inferior survival outcomes in CRC [31, 32]. Mahajan et al.
demonstrated that there was an important link between
VSCMC and cell communication in CRC progression
[33] Taking these data together, EMT, the activity of
ECM-receptor interaction, IL2-STAT5 signaling pathway,
and VSMC might be underlying mechanisms of THSD7A
in progression, prognosis, and metastasis of CRC.

Various studies identified a relationship between tumor
immune cells (TICs) and survival outcomes of tumors
and reponse to therapy in cancers, including CRC [34—
36]. Shen et al., for the first time, investigated the rela-
tionship between TICs and THSD7A and showed that
THSD7A expression was positively correlated with M2
macrophages, resting mast cells, and regulatory T cells,
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Fig. 2 Kaplan Meier curves estimating OS times stratified according to THSD7A expression status in A the whole population; B patients with early stage

CRC; C patients with mCRC

and negatively correlated with M1 macrophages, acti-
vated memory CD4 + T cells, and follicular helper T cells
in gastric cancer [26] A T-cell dysfunction and exclu-
sion gene expression signature score named as TIDE and
tumor mutation burden (TMB) scores have been used
to estimate immunotherapy efficacy [37, 38]. Shen et al.
revealed that the group with higher THSD7A expression
had greater TIDE score and lower TMB compared to

those with lower THSD7A expression in gastric cancer,
indicating a poor prognosis [26].

Given the intricate role of THSD7A in regulating can-
cer survival, efforts to elucidate its molecular mecha-
nisms and therapeutic implications are paramount. The
role of THSD7A as a prognostic factor was investigated
in several studies, and the effect of THSD7A expres-
sion on cancer survival varies from one tumor type to
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Table 2 Univariate Cox analyses determining the associations
between clinic-pathologic variables and OS

Variable HR (95%Cl) 95% Cl Pvalue
Lower Upper

Age 1.002 0.958 1.028 0.928

Gender 0.960 0.608 1514 0.860

Female vs. Male

Tumor differentiation 1.999 1.265 3.159 0.003

Good vs. Moderate-poor

Tumor location 1.210 0.714 2.052 0479

Left vs. Right

Y 2.379 1.382 4.095 0.002

Absent vs. Present

PNI 2409 1401 4.142 0.001

Absent vs. Present

Tumor stage 2.837 1.762 4.567 <0.001

Early vs. Advanced

THSD7A expression 2711 1.464 5.020 0.002

Positive vs. Negative

Abbreviations: LVI: lymphovascular invasion; PNI: perineural invasion; THSD7A:
thrombospondin type 1 domain-containing 7 A

Table 3 Multivariate Cox regression analyses determining
independent variables for OS

Variables HR 95% Cl for HR Pvalue
Lower Upper

THSD7A expression 3.094 1576 6.074 0.001

Positive vs. Negative

Tumor stage 3210 1.693 6.086 <0.001

Early vs. Advanced

Tumor differentiation 2.603 1419 4777 0.002

Good-moderate vs. Poor

Abbreviation: THSD7A: thrombospondin type 1 domain-containing 7 A

another [11, 13, 20, 26]. For Instance, Stahl et al. inves-
tigated the importance of THSD7A expression on the
prognosis of several types of cancers and showed that the
loss and gain of THSD7A was associated with inferior
survival outcomes in CRC and prostate cancer, respec-
tively [13]. Furthermore, the prognostic significance
of THSD7A expression may vary across the stages of a
tumor. For example, Stahl et al. demonstrated that con-
sidering all stages, THSD7A was not an independent
determinant for OS of RCC [13]. However, in our previ-
ous report, THSD7A expression was linked to worse sur-
vival outcomes in patients with metastatic RCC treated
with targeted therapy [21]. Regarding the association
between THSD7A expression and pathological parame-
ters and prognosis of CRC, Stahl et al. demonstrated that
THSD7A expression was seen in 43% of CRC and the lack
of THSD7A expression was related to advanced T stage,
N stage, poorer tumor differentiation, and vascular inva-
sion [13]. Also, Li Xian et al. showed that the percentage
of CRC patients stained with THSD7A was 97.5% [14].
As compared to these findings, the present study showed
that THSD7A expression was detected in 43.5% of CRC,
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and there was no association between THSD7A expres-
sion status and adverse pathological features except LVI.
These controversial results about THSD7A positivity
might arise due to the clinicopathological differences in
each study because our cohort was mostly composed of
CRC patients with advanced stage (51.7%), while in the
studies by Stah et al. and Li Xian et al., no clinical infor-
mation was given about this issue.

We, for the first time, investigated and showed the
association of THSD7A expression in mCRC patients
treated with chemotherapy plus biologic agents. How-
ever, the main limitations of the present study are its ret-
rospective nature and relatively small number of patients.
Since our study population was relatively small, we
could not categorize THSD7A expression into different
expression levels, indicating a clear necessity to estab-
lish a reliable cut-off point for better prognostication in
future trials with a larger number of patients. Further-
more, it is necessary to elucidate the prognostic impact
of THSD7A expression in patients with high microsatel-
lite instability (MSI-H) and mismatch repair deficiency
(dMMR) tumors because all the patients in our study had
microsatellite stable (MSS) phenotype. Finally, we could
not analyze THSD7A expression in normal colon tissue
adjacent to the tumor since TME was used for THSD7A
expression.

Conclusions

Overall, the emerging evidence on the role of THSD7A
in cancer highlights its association with key pathological
hallmarks and prognosis of several types of cancer. The
results of our study revealed that THSD7A expression
status was an independent prognostic marker in pre-
dicting OS in CRC patients who underwent colectomy
for curative or palliative purposes at initial presentation.
Further prospective and in vitro investigations into the
molecular mechanisms underlying THSD7A-mediated
effects in different cancer types, including CRC, are war-
ranted to unravel its full potential as a therapeutic target
and prognostic marker in oncology.

Abbreviations

CRC Colorectal cancer

dMMR Mismatch repair deficiency

ECM Extracellular Matrix

EMT Epithelial-Mesenchymal Transition

FAK Focal Adhesion Kinase

LI Lymphovascular invasion

mCRC Metastatic Colorectal Cancer

MSI-H High Microsatellite Instability

MSS Microsatellite Stable

PNI Perineural Invasion

NRARP Notch-Regulated Ankyrin Repeat Protein

oS Overall Survival

RCC Renal Cell Carcinoma

THSD7A Thrombospondin type 1 domain-containing 7 A
STHSD7A  Soluble Thrombospondin type 1 domain-containing 7 A
TICs Tumor Immune Cells
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TMB Tumor Mutation Burden

VSMC Vascular Smooth Muscle Contraction

VEGF Vascular Endotelial Growth Factor

VEGFR Vascular Endotelial Growth Factor Reseptor
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