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SUMMARY

Background: Colorectal cancer (CRC) is associated with a high mortality rate. Previous studies have shown that
FOXQ1, MMP11, and CST1 play significant roles in various cancers, influencing the invasion and metastasis of
tumors. However, their effects on colorectal cancer have not been fully investigated. The purpose of this research
was to examine the expression of FOXQ1, MMP11, and CST1 in colorectal cancer (CRC) and to systematically as-
sess how these factors relate to clinicopathological characteristics and patient survival outcomes.

Methods: This study retrospectively gathered paraffin-embedded samples from 110 CRC patients who underwent
surgery between 2017 and 2018. Meanwhile, relevant data were obtained from public databases to analyze expres-
sion differences of FOXQ1, MMP11, and CST1 between tumor tissues and normal lung tissues. We examined the
expression of FOXQ1, MMP11, and CST1 using immunohistochemistry. Furthermore, the associations among
FOXQ1, MMP11, CST1, clinical-pathological parameters, and prognosis were systematically analyzed. Further
verification of the in vitro results was conducted through qRT-PCR.

Results: Expression of FOXQ1, MMP11, and CST1 in patients was high, with 83.6%, 67%, and 74.5%, respect-
ively. Through rigorous quantitative analysis of clinical-pathological parameters, the study confirmed that these
biomarkers have a close and clinically significant correlation with the progression of TNM staging and the occur-
rence of lymph node metastasis (p < 0.05). Bioinformatics analysis and qRT-PCR verification both indicated that
the expression levels of FOXQ1, MMP11, and CST1 in colorectal cancer (CRC) tissues were significantly higher
than those in adjacent non-cancerous tissues.

Conclusions: The research data indicate that the abnormal overexpression of FOXQ1, MMP11, and CST1 in CRC
tissues is significantly correlated with poor clinical prognosis in patients. There may be a synergistic effect influ-
encing the invasion and metastasis of tumor cells, positioning them as potential novel therapeutic targets for pa-
tients with CRC.
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INTRODUCTION

CRC, a malignant tumor originating from the epithelial
cells of the colon and rectum, ranks as the third most
common cancer globally and is the second leading
cause of cancer-related mortality [1]. According to epi-
demiological data, approximately 1.8 million new cases
and 881,000 deaths are attributed to CRC annually
worldwide [2]. Advances in early diagnosis and inter-
ventional therapies have significantly prolonged the sur-
vival of CRC patients. Nevertheless, for those diag-
nosed at advanced stages, the mortality rate remains
alarmingly high due to the cancer's aggressive invasive-
ness and metastatic potential, which can result in tumor
recurrence or metastasis even after intensive treatment
[3]. To date, current therapeutic strategies have not
substantially reduced the mortality rate among CRC pa-
tients, and there remains a paucity of effective long-
term prognostic indicators in clinical practice [4,5].
Consequently, the identification of novel diagnostic bio-
markers for CRC holds critical importance for improv-
ing clinical diagnosis, treatment, and prognosis evalua-
tion [6]. Recent studies indicate that FOXQI1, CSTI,
and MMP11 play pivotal roles in the progression of
various malignancies. However, the expression profiles
of FOXQI, CST1, and MMPI1 in CRC tissues and
their potential clinical implications remain largely unex-
plored. This study aimed to investigate the expression
of FOXQI1, CST1, and MMPI11 in CRC, so as to pro-
vide a theoretical basis for clarifying their roles in CRC
development and evaluating their clinical prognostic
value and to offer new insights for the early detection
and management of CRC.

MATERIALS AND METHODS

Materials and reagents

The following materials and reagents were used: human
colorectal cancer cells HCT116 (HCT116); human nor-
mal colon epithelial cells NCM460 (NCM460) (Shang-
hai Cell Bank, Chinese Academy of Sciences); DMEM
high glucose culture medium (PunoSai); FOXQ!1 an-
tibody (Proteintech); MMPI11 and CST1 antibody
(Abcam).

Methods

The cell culture of the HCT116 and NCM460 cell lines
was conducted in a controlled humidity environment at
37°C, utilizing a culture medium composed of 10%
fetal bovine serum and 1% penicillin-streptomycin mix-
ture. Passaging was performed when the cell confluence
rate reached 70% - 80%.

Patients

This study screened 110 paraffin-embedded tissue sam-
ples of colorectal cancer (CRC) diagnosed between
2017 and 2018 from the pathological archive of the
First Affiliated Hospital of Bengbu Medical University
as the research subjects.

The study was conducted in strict accordance with the
principles of the Helsinki Declaration, and the enrolled
patients underwent systematic clinical evaluation,
histopathological analysis, survival follow-up, and
survival prognosis analysis. Normal intestinal mucosa 5
cm from the tumor edge served as negative controls to
eliminate possible confounding factors. Among the
enrolled patients, there were 70 males (63.6%), aged 28
to 82 years (median age 61.5 years), and all cases met
the criteria for primary treatment, without receiving any
form of neoadjuvant chemotherapy or radiotherapy
before surgery. The patients' clinical pathological data
are shown in Table 1.

IHC

Sections of 4 um-thick tissue were deparaffinized using
xylene and rehydrated in graded alcohols. Non-specific
epitopes were blocked with rabbit serum within 30 min-
utes and subsequently incubated overnight with primary
antibody (FOXQ1: 1:500, 26, 23718-1-AP, Proteintech,
CST1:1:1,000, AB124281, Abcam and MMPI11:1:
1,000, AB53143, Abcam) in a humidified chamber at
4°C. Sections were incubated for 50 minutes with HRP-
labeled secondary antibodies of the same species,
washed with PBS, and dropped with freshly prepared
DAB chromogen solution. When observing a tissue sec-
tion under a microscope, positive staining appears
brownish-yellow, the color development was terminated
by rinsing the sections with tap water, and the nuclei
were counterstained with hematoxylin for 3 minutes,
dehydrated, and mounted. Pictures were collected of
positive staining.

Scoring criteria

Two senior pathologists independently assessed the im-
munohistochemical sections. For FOXQ1, CSTI1, and
MMPI11 proteins, the immunohistochemical scores
were calculated based on two criteria: the percentage of
positive tumor cells (scored as 0 for < 10%, 1 for 11 -
50%, 2 for 51 - 75%, and 3 for > 75%) and staining in-
tensity (scored as 0 for no staining, 1 for pale yellow, 2
for tan, and 3 for brown). The final score was obtained
by multiplying these two individual scores. Samples
with a total score of > 3 were classified as positive,
whereas those with a lower score were designated as
negative.

Statistical analyses

SPSS 26.0 facilitated statistical analysis, with a chi-
squared test examining the associations between
FOXQI1, CST1, MMP11, and clinicopathological fac-
tors. By using Kaplan-Meier analysis, researchers can
accurately evaluate and identify the risk factors affect-
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Table 1. Relationship between FOXQ1, CST1, and MMP11 expression and clinicopathologic features in CRC.

. FOXQ1 High CST1 High MMP11 High
Clinicopath- p- p- p-
ological Posi- | Nega- exPres- value Posi- | Nega- exPres- value Posi- | Nega- exl.)res- value
tive tive S1on tive tive sion tive tive S1on
Gender
Male 56 14 80% 0175 52 18 74.3% 0,982 47 23 67.1% 0,982
Female 36 4 90% ’ 30 10 75% ) 27 13 67.5% ’
Age (years)
<60 44 11 80% 028 40 15 72.7% 0,543 35 20 72.7% 0,543
> 60 48 7 87.2% ’ 42 13 76.3% ’ 39 16 76.3% ’
LN metastases
Yes 58 3 95% 0.002 54 7 88.5% 0.002 48 13 78.7% 0.002
No 34 15 69.3% ’ 28 21 57.1% ) 26 23 53% ’
STNM stage
I 20 10 66.75 15 15 50% 16 14 53.3%
I 68 8 89.5% | 0.047 65 11 85.5% | 0.009 57 19 75% 0.023
I + IV 4 0 100% 2 2 50% 1 3 25%
Tumor location
Rectum 50 10 83.3% 0.82 44 16 73.7% 0.958 40 20 66.7% 0.981
Colon 42 8 84% ’ 38 12 76% ’ 34 16 68% ’
Tumor size (cm)
<5.0 44 10 81.5% 0562 40 16 71.4% 0332 38 18 67.9% 0.833
>5.0 48 8 85.7% ) 42 12 77.8% ) 36 18 66.7% )
Depth of invasion
Iglvea:;‘;:)‘s‘;f 48 10 82.8% 43 15 74.1% 42 16 72.4%
N6 fnvasi 0.69 0.989 0.081
o f‘;l‘l'(:vszsr‘;’s'; 44 8 84.6% 39 13 75% 32 20 61.5%

Table 2. Multivariate Cox regression model analysis of survival outcomes.

95.0% CI for Exp (B)
Clinicopathological B SE Wald df P Exp (B)
Lower Upper
Age (years) 0.445 0.42 1.121 1 0.29 1.561 0.685 3.557
Gender -0.203 0.418 0.234 1 0.628 0.817 0.36 1.854
LN metastases 1.223 0.556 4.845 1 0.028 3.399 1.143 10.103
Tumor size -0.147 0.392 0.141 1 0.707 0.863 0.4 1.861
Depth of invasion -0.069 0.41 0.028 1 0.867 0.934 0.418 2.084
MMP11 0.65 0.313 4.306 1 0.038 1.915 1.037 3.539
FOXQ1 0.658 0.296 4.946 1 0.026 1.932 1.081 345
CST1 1.187 0.353 11.334 1 0.001 3.277 1.642 6.541
MMP11 Matrix Metalloproteinase 11.
ing prognosis. Statistical significance was set at p < Follow-up
0.05. The follow-up process commenced on the date when a

clear diagnosis of CRC was established through postop-
erative pathology. It was carried out via outpatient

Clin. Lab. 2/2026 3




J. Chu et al.

A Top (1-25) over-expressed genes in colon g Top (1-25) over-expressed genes in rectum
adenocarcinoma (COAD) v adenocarcinoma (READ)

l’ LI Rl
|'mn\ Wil

i II“I IFI ||H”!]”NIIII'II ‘1 fl III‘ ‘ I:”Illlﬁ\ I‘ Hw |i‘ ﬂ I

Illl f ||||||1|\ 1IN I‘ ] iI“ L} q\{ll I ‘, lHll!"‘ |r|l|[l l!l(l |||‘| ‘+ |"ﬂ|
M‘mm J;M Wt o

H‘ ‘”"II! I‘ I”H | il ‘”I‘ i l-hllnzl#-lhlllllllll :H!
e Ll *wm:ﬂw |l

HH [ vllllllil‘ ] Illlilllllllwlllllt I | \ :
il [[EA 1)

141
Normal Tumor Normal Tumor
Log2(TPM+1) Log2(TPM+1)
- I -—
0 5 10 15 0 5 10 15

Figure 1. A Highly expressed factor in colon cancer. B Highly expressed factor in rectal cancer.
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Figure 2. Expression of FOXQ1, CST1, and MMP11 in colon cancer, rectal cancer tissues, and normal tissues.

reexaminations or telephone follow-ups. The follow-up The endpoint of the follow-up was defined as either the
assessments encompassed the patients' survival status, death of the patient or the conclusion of the follow-up
as well as any recurrence or progression of the disease. period. The final deadline for follow-up was April 2024.
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Figure 3. Relationship between FOXQ1, CST1, and MMP11 and colorectal cancer staging.
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Figure 4. A FOXQ1 expression results in normal colon cells and colorectal cancer cells (** p <0.01). B CST1 expression results
in normal colon cells and colorectal cancer cells (** p < 0.01). C) MMP11 expression results in normal colon cells and colorec-
tal cancer cells (* p < 0.05).

qRT-PCR GAPDH

After isolating CRC cells using the total RNA extrac- F: 5'-ACCCACTCCTCCACCTTTGAC-,
tion kit, reverse transcription was performed with the R: 5-CTGTTGCTGTAGCCAAATTCG-3'".
cDNA first strand synthesis kit, and then qRT-PCR was CST1

conducted using the 2 x Taq PCR MasterMix. The spe- F: 5'-CGGGTGGCATCTATAACGCA-3/,
cific detailed steps for the qRT-PCR experiment were R: 5-GTCTGTTGCCTGGCTCTTAGT-3".
followed according to the reagent instructions. Primer FOXQ1

sequences were the following: F: 5'- TGACTTCAACAGCGACACCCA-3/,
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Figure 5. A Expression of FOXQ1 in colorectal cancer tissues. B Expression of CST1 in colorectal cancer tissues. C Expression
of FOXQL1 in colorectal cancer tissues. D Expression of FOXQ1 in colorectal normal tissues. E Expression of MCST1 in
colorectal normal tissues. F Expression of MMP11 in colorectal normal tissues (x 200).
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Figure 6. A Impact of FOXQ1 expression on the patients’ overall survival. B Impact of CST1 expression on the patients’
overall survival. C Impact of MMP11 expression on the patients’ overall survival.

R: 5'-CACCCTGTTGCTGTAGCCAAA-3". Data source and processing

MMPI11 The gene expression data from tumor tissues of colorec-
F: 5'-GAGAAGACGGACCTCACCTACA-3', tal cancer patients were obtained from the processed
R: 5'-CTCAGTAAAGGTGAGTGGCGTC-3". TCGA public database, which was downloaded from

the GEPIA database (http://gepia.cancer-pku.cn/). This
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dataset includes gene expression data from 275 tumor
tissue samples of colorectal carcinoma (COAD) patients
and 349 normal tissue samples, in addition to gene ex-
pression data from 92 tumor tissue samples of rectal
carcinoma (READ) patients and 318 normal tissue sam-
ples. Data analysis utilized Ualcan (http://ualcan.path.
uab.edu), an analysis and mining tool based on the
TCGA database and clinical proteomics tumor analysis.
This tool analyzes relative gene expression between tu-
mor and normal tissues and among tumor subgroups
classified by sample type, individual tumor staging,
major subtypes, and other clinical pathological features.
All public data were used in accordance with TCGA
and GEO data access policies, and this study did not re-
quire additional ethical approval.

RESULTS

FOXQ1, MMP11, and CST1 expressions in database
The expression levels of important factors present in
CRC and normal tissues were examined with the aid of
Ualcan (Figure 1). In the TCGA database, FOXQI,
CST1, and MMP11 exhibited significantly higher ex-
pression levels compared to adjacent non-tumor tissues
(p < 0.05) (Figure 2). By using GEPIA, we further
analyzed the associations between FOXQI1, CSTI,
MMPI11, and CRC staging. The data revealed that
MMP11 expression was notably linked to CRC staging
(p <0.05) (Figure 3).

Survival analysis was performed using the GSE72970
dataset. The optimal cutoff values for CST1 and
MMPI11 were determined as 7.44 and 10.85, respec-
tively, and Kaplan-Meier (KM) survival curves were
generated for both genes. As the GSE72970 dataset did
not include the FOXQ1 gene, the TCGA dataset was
utilized for the survival analysis of FOXQ1. The opti-
mal cutoff value for FOXQI was set at 6.08, and the
corresponding KM survival curve was plotted (Figure
7).

Expression of FOXQ1, MMP11, and CST1 in colon
cancer and human normal colon cells

The results of the qRT-PCR experiments demonstrated
that FOXQ1, CST1, and MMP11 were significantly up-
regulated in the CRC cell line HCT116 compared to the
human normal colon epithelial cell line NCM460 (Figu-
re 4).

The expression levels of FOXQ1, CST1, and MMP11
were examined in CRC tissues and corresponding
normal tissues through clinical sample analysis

Immunohistochemical staining showed that FOXQI,
CST1, and MMPI11 proteins were negative in normal
colorectal mucosa. In cancerous tissues, FOXQI1 and
CST1 exhibited positive expression, primarily localized
in the cytoplasm and cell membrane, while MMP11 was
predominantly distributed in the cytoplasm with partial
localization in the nucleus. Immunohistochemistry re-
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sults revealed that the positivity rates of FOXQI1, CST1,
and MMPI11 in CRC tissues were 83.6% (92/110),
74.5% (82/110), and 67% (73/110), respectively. In pa-
ra-carcinoma tissues, the positivity rates were signifi-
cantly lower: 38.2% (42/110) for FOXQ1, 24.5% (27/
110) for CST1, and 30% (33/110) for MMP11. Collec-
tively, these findings indicate that the positive expres-
sion rates of FOXQI1, CST1, and MMP11 proteins were
significantly higher in cancerous tissues compared to
para-carcinoma tissues (x> = 47.726, 55.005, and
30.586, p < 0.005, 0.005, and 0.005) (Figure 5).

The following investigation will examine the rela-
tionship between FOXQ1, MMP11, and CST1 pro-
tein expression, as well as the clinicopathological fea-
tures of CRC tissues

A statistical analysis of the clinicopathological charac-
teristics of 110 CRC patients yielded the following
results (Table 1): positive expression of FOXQI,
MMP11, and CST1 was correlated with TNM stage and
the presence or absence of lymph node metastasis (p <
0.05). The study found no correlation between the pro-
tein expression of FOXQIl, CST1, and MMPI11 and
gender, age, tumor size, or depth of invasion among dif-
ferent CRC patients (p > 0.05). Similarly, our study did
not identify any significant relationships between
MMP11 protein expression and factors including gen-
der, age, tumor size, or infiltration depth of CRC pa-
tients (p > 0.05) (Table 1). According to the Cox multi-
variate regression, we can obtain that FOXQ1, CSTI,
and MMPI11 can serve as independent prognostic fac-
tors (Table 2). A longitudinal study was conducted on
110 CRC patients, with follow-up periods ranging from
2 to 72 months (Figure 6). The figure illustrates the as-
sociation between FOXQI1, CST1, and MMP11 protein
expression and patient survival prognosis. The analysis
revealed that patients with positive FOXQ1, CST1, and
MMP11 expression exhibited a significantly lower sur-
vival rate compared to those with negative expression.

DISCUSSION

Colorectal cancer (CRC) ranks as the second leading
cause of cancer-related mortality globally [7]. Inhibiting
tumor invasion and metastasis has emerged as a critical
strategy for improving patient survival outcomes [8]. In
recent years, FOXQ1 (Forkhead Box Q1), CST1 (Cys-
tatin SN), and MMP11 (Matrix Metalloproteinase 11)
have been increasingly recognized as key regulators in-
volved in the initiation and progression of CRC [9,10].
Accumulating evidence indicates that these three genes
are significantly upregulated in advanced CRC and are
closely associated with adverse clinical outcomes, sug-
gesting their potential as biomarkers for disease pro-
gression [11,12].

FOXQI is a member of the FOX transcription factor su-
perfamily, located on human chromosome 6p23-25. It is
broadly expressed across multiple human tissues and
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plays a pivotal role in tumorigenesis by promoting cell
proliferation, migration, invasion, and epithelial-mesen-
chymal transition (EMT) [13]. In the context of CRC,
FOXQI1 overexpression not only enhances tumor cell
growth and tumorigenic potential but also suppresses
apoptosis, thereby facilitating tumor progression [14].
Mechanistically, FOXQ1 exerts its oncogenic effects
through the activation of multiple signaling pathways,
including the PI3K/AKT and Wnt/B-catenin pathways,
and by modulating downstream target genes such as
MMPs and VEGF, thereby synergistically promoting a
metastatic phenotype [15].

CST1, a member of the cysteine protease inhibitor fami-
ly, was initially identified in the submandibular gland,
gallbladder, and uterus, and has since been found to be
overexpressed in various malignant tumors [16,17]. In
CRC, elevated CST1 expression correlates positively
with advanced TNM stage and lymph node metastasis
and is associated with poorer patient survival [18].
Functionally, CST1 promotes tumor invasion and me-
tastasis by inhibiting cysteine protease activity, which
disrupts extracellular matrix (ECM) remodeling. More-
over, CST1 contributes to tumor progression by modu-
lating tumor-associated inflammation and immune mi-
croenvironment and by activating the PI3K/AKT sig-
naling pathway [19,20].

MMPI11, a member of the matrix metalloproteinase
family, was first identified in breast cancer and has
since been shown to be overexpressed in multiple ma-
lignancies, including CRC, where its expression is
linked to poor clinical outcomes [21,22]. MMP11 facili-
tates tumor cell invasion by degrading ECM com-
ponents such as collagen and fibronectin, thereby com-
promising tissue integrity. Additionally, it influences
immune cell infiltration within the tumor microenviron-
ment and enhances EMT, further promoting metastasis
[23]. Clinical data demonstrate that MMP11 expression
levels in CRC tissues are significantly correlated with
TNM stage, lymph node metastasis, and overall surviv-
al, with high expression predicting the shortest survival
duration [24].

In this study, we retrospectively evaluated the immu-
nohistochemical expression of FOXQI, CSTI1, and
MMPI11 in tumor tissues from 110 CRC patients. Our
results revealed significantly higher expression levels of
these proteins in cancerous tissues compared to adjacent
normal mucosa (FOXQI1: 83.6%, CSTI1: 74.5%,
MMP11: 67%), consistent with previous findings [25-
27].

Notably, FOXQ1, CST1, and MMP11 do not act in iso-
lation but may form a cooperative regulatory network
through shared signaling pathways such as PI3K/AKT,
thereby synergistically promoting EMT and metastatic
phenotypes [28,29]. For instance, FOXQ1 transcription-
ally regulates MMP11 expression [30], while CST1 in-
directly modulates MMP11 activity by inhibiting cyste-
ine proteases. Collectively, these interactions contribute
to the formation of a tumor-promoting microenviron-
ment [31].

From a clinical perspective, this study underscores the
potential of combining FOXQ1, CST1, and MMP11 as
a biomarker panel for prognostic evaluation in CRC.
Their expression levels can aid in individualized risk
stratification, particularly for patients with advanced
TNM stages or lymph node metastasis, where high ex-
pression may warrant more aggressive therapeutic inter-
ventions. Furthermore, targeting these molecules and
their downstream signaling pathways, such as PI3K/
AKT, may offer novel therapeutic strategies for ad-
vanced CRC. Future research should focus on validat-
ing their clinical utility and exploring their potential as
therapeutic targets.

CONCLUSION

In summary, the FOXQI1-CSTI-MMP11 axis promotes
CRC metastasis through cross-talk and synergistic ef-
fects. The elucidation of its mechanism not only deep-
ens the understanding of CRC invasive behavior but
also provides theoretical basis and practical paths for
prognostic assessment and targeted therapy.
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