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Abstract

This study investigated the prognostic significance of AT-rich interactive domain 1A (ARID1A) protein expression
and the metastatic lymph node ratio (mLNR) in colorectal cancer (CRC). Immunohistochemical analysis of 78 primary
resected CRC specimens revealed that 85.9% exhibited low ARID1A expression, as determined by histological (H)-score
and quantitative assessment. High mLNR was observed in 17.9% of cases. Notably, low ARID1A expression combined
with high mLNR was significantly associated with advanced AJCC stage, increased lymph node involvement (pN stage),
lymph node metastasis (LNM), lymphovascular invasion, and comorbidities. Kaplan-Meier survival analysis
demonstrated that both low ARID1A expression and high mLNR were significantly associated with reduced progression-
free survival (PFS). Univariable Cox proportional hazards regression identified mLNR, AJCC stage, pN stage, distant
metastasis (pM stage), and LNM as significant predictors of shorter PFS. Multivariable analysis further identified mLNR
and pM stage as independent prognostic factors. In addition, GEPIA2-based transcriptomic analysis revealed significant
correlations between ARID1A and LNM-associated genes, such as insulin-like growth factor 1 receptor (IGFIR), heat
shock protein 47 (HSP47), and vascular endothelial growth factor C (VEGF-C). These genes also showed significant
prognostic relevance for survival outcomes in patients with colon adenocarcinoma (COAD) and rectum adenocarcinoma
(READ) cohorts within the TCGA database. In conclusion, diminished ARID1A expression and elevated mLNR are
associated with aggressive tumor features and poorer prognosis, suggesting their potential utility as combined prognostic
biomarkers in CRC.
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Introduction

The World Health Organization (WHO) reported
that cancer is potentially the greatest cause of mortality
among people under the age of 70 [1]. The global
incidence of colorectal cancer (CRC) is growing
dramatically, as is the mortality rate [2]. CRC is ranked
as the second most prevalent cause of cancer-related

death in both genders in the United States [3].
Concurrently, CRC is the third most frequent cancer in
men and the fourth most frequent in women in Thailand
[4].

The AT-rich interactive domain 1A (ARID1A), a
subunit of the human switch/sucrose non-fermenting
(SWI/SNF) chromatin remodeling complexes, is a key
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constituent of the BRGIl-associated factor (BAF)
subclass [5]. ARIDIA has been recognized as a tumor
suppressor gene involved in regulating the cell cycle,
promoting apoptosis, and inhibiting genomic instability
[6]. In addition, the ARID1A gene is the most frequently
mutated subunit of the SWI/SNF chromatin remodeling
complex, which has been reported in various types of
cancer [7]. Inactivating mutations of ARIDI1A, the
majority of which are insertion and deletion variants,
cause ARID1A protein expression to be reduced [8].
Loss or decrease of ARIDIA protein expression has
been reported in a broad spectrum of human
malignancies, including CRC [9-11]. The alterations of
ARIDIA protein expression were associated with the
severity of clinicopathological characteristics of
patients, such as age, gender, large tumor size, poor
pathological grading, late American Joint Committee on
Cancer (AJCC) staging, distant metastasis, and worse
prognostic significance of patients [6].

Previous studies reported that loss of ARIDIA
expression was associated with lymph node metastasis
(LNM) in patients with both early and late stages of
CRC [9-11]. The prognostic value of LNM has been
established as one of the prognostic indicators for
predicting disease-free survival (DFS) and overall
survival (OS) of CRC patients [12]. The presence of
LNM is an important predictor for considering adjuvant
chemotherapy after tumor removal [13,14]. Recently,
essential biomarkers associated with LNM in CRC, such
as insulin-like growth factor I receptor (IGFIR),
vascular endothelial growth factor receptor (VEGFR),
heat shock protein 47 (HSP47), and aquaporins (AQPs),
have been identified, offering valuable insights for
improving the prognosis of CRC patients [15].
Additionally, metastatic lymph node ratio (mLNR),
which is the proportion of the number of positive lymph
nodes to the total number of examined lymph nodes, is
also an essential prognostic indicator in various human
cancers, such as gastric cancer [16], pancreatic
adenocarcinoma [17], and CRC. Unfavourable
prognosis of patients with CRC was significantly
correlated with high mLNR [18-20].

Nonetheless, the association between ARIDIA
protein expression and mLNR has never previously
been evaluated and requires further investigation to
elucidate the prognostic significance. Therefore, in this
study, we investigated the alterations of ARIDIA

protein expression and mLNR and analyzed their
association with the severity of clinicopathological

characteristics and prognosis of patients with CRC.

Materials and methods

Ethics statement

This study followed the ethical principles outlined
in the Declaration of Helsinki. Ethical approval was
obtained from the Human Ethics Review Board of
Sawan Pracharak Hospital, Nakhon Sawan, Thailand
(Approval No. 16/2560), and the Naresuan University
Ethics Committee for Human Research (NU-IRB)
(Approval No. P10181/64; COA No. 421/2021).

Patient tissue specimens and patient
information

Formalin-fixed, paraffin-embedded (FFPE) tissue
biopsies from 78 patients diagnosed with colorectal
cancer (CRC) of varying pathological differentiation,
including both cancerous and adjacent non-cancerous
tissues, were obtained from the Pathology Unit at
Sawanpracharak Hospital, Nakhonsawan, Thailand,
between 2017 and 2021, and used in this study.
Specimens from patients with recurrent or hereditary
CRC, unknown primary tumors, or those who received
neoadjuvant chemotherapy or radiotherapy prior to
surgery were excluded to minimize potential treatment-
related bias. Each case was diagnosed and examined by
a pathologist (R.S.) using a hematoxylin and eosin
(H&E) slide. Demographic and clinicopathological
information of CRC patients, for instance, age, gender,
location of tumor, tumor mass dimension, pathological
differentiation, AJCC staging, tumor invasion,
metastasis, recurrence, angiolymphatic invasion,
number of examined and positive lymph nodes, patient’s
comorbidity, and follow-up period, were acquired and
analyzed. To maintain patient confidentiality, each
FFPE block was assigned a unique research code, and

all sensitive patient information was securely protected.

Immunohistochemistry staining and evaluation
of ARID1A protein by histochemical score (H-score)
Immunohistochemistry staining was performed as
described previously [11]. Three independent
investigators, including a pathologist (R.S.) and two
researchers (P.S. and K.S.), who were blinded to the

demographic and clinicopathological information of
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CRC patients, reviewed and evaluated the ARIDIA
immunostained sections. For assessment of ARIDIA
immunoreactivity, five independent areas of each
section were imaged at high power fields (HPF)
provided by 40X magnification of the objective lens
using a ZEN program (Rushmore Precision Co., Ltd.)
under an Axiocam 105 color ZEISS microscope (Carl
Zeiss, Oberkochen, Germany) in both cancerous and
adjacent non-cancerous areas of CRC tissues. A
histochemical score (H-score), which is a semi-
quantitative assessment to evaluate immunoreactivity in
tumor samples [21], was applied to assess the expression
of ARID1A protein. The H-score was evaluated based
on the staining intensity and the percentage of positive
cells of ARID1A staining. Three investigators evaluated
the staining intensity of ARID1A and scored it as 0
(negative), 1 (weak), 2 (moderate), and 3 (strong
staining) in both cancerous and adjacent non-cancerous
areas of CRC tissues (Figure 1). In addition, the total
number of epithelial cells and ARID1A-positive cells
was counted using Image] (Fiji) image analysis
software, and the percentage of ARID1A-positive cells
was calculated [22]. The summation of the H-score was
calculated according to the formula:

H-score = [(0 X % negative cells) + (1 X %weakly
positive cells) + (2 X %moderately positive cells) + (3
X Y%strongly positive cells)] [23] )

Consequently, the conceivable H-score ranges
from 0 to 300. The 50% cut-off value of the H-score
(150/300) has been used to classify ARID1A expression
into two groups as low (less than 150) and high (equal

to or more than 150).

Measurement of the relative optical density
(ROD) of the ARID1A protein

To confirm staining intensity, ARID1A expression
in intestinal epithelial cells was examined in cancerous
areas compared with adjacent non-cancerous regions of
CRC samples. ImageJ (Fiji) image analysis software
(http://fiji.sc/Fiji) was used to measure the intensities of
ARIDIA protein expression. The relative optical
density (ROD) of protein contents from at least 100
nuclei was evaluated and calculated according to the

following formula:

ROD =1logl0 (max intensity/ mean intensity) 2)

Examination of metastatic lymph node ratio

After conducting surgical pathology of the CRC
specimens in a routine process, the number of accessible
lymph nodes among the colorectal tissue samples was
documented. The number of positive LNM was
diagnosed and examined by a pathologist (R.S.) using
an H&E slide. Consequently, mLNR was estimated as
the ratio of the number of positive lymph nodes to the
total number of examined lymph nodes [20]. In this
study, we categorized patients into two groups based on
their mLNR value: High (equal to or greater than 0.4)
and low (less than 0.4). This value was chosen based on
previous studies investigating the prognostic value of
mLNR on PFS in CRC [20,24,25].

Correlation analysis between the mRNA
expression of ARID1A and the biomarkers involved
in lymph node metastasis of CRC

To assess the correlation between the expression
of ARIDIA and LNM-associated genes in CRC, the
Gene Expression Profiling Interactive Analysis 2
(GEPIA2) database (http://gepia2.cancer-
pku.cn/#index) was utilized. GEPIA2 is a tool that
provides pair-wise gene correlation analysis of a
specific group of TCGA and GTEx expression data [26].
For this study, transcriptomic data from both colon
adenocarcinoma (COAD) and rectum adenocarcinoma
(READ) cohorts within the TCGA database were
combined. Spearman’s correlation coefficient was
employed to evaluate the strength and direction of
associations between ARIDIA and selected LNM-
associated genes. All analyses were conducted using
data accessed from GEPIA2 on June 1, 2025.

Survival analysis of the lymph node metastasis-
associated gene in colon and rectal adenocarcinoma

To explore the prognostic significance of each
LNM-associated gene in COAD and READ, survival
analyses were conducted using the GEPIA2 platform
[26]. Patients were categorized into high- and low-
expression groups based on the median expression value
of each gene. Kaplan—-Meier (KM) survival plots for
overall survival (OS) were generated using the “Auto
select best cutoff” option. The survival curves were

evaluated using the log-rank test, and the corresponding
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hazard ratios with 95% confidence intervals were
calculated.

Statistical analysis

All statistical analyses were performed using IBM
SPSS Statistics for Mac, version 25.0 (IBM Corp.,
Armonk, NY, USA) and GraphPad Prism for Mac,
version 7.0 (GraphPad Software, San Diego, CA, USA).
Quantitative data are presented as mean + standard error
of the mean (SEM). Paired data were compared using
the paired Student’s #-test. For unpaired data, the
unpaired Student’s #-test was used for normally
distributed variables, while the Mann-Whitney U test
was applied for non-normally distributed data.
Associations between ARID1A expression, mLNR, and
clinicopathological parameters were evaluated using
Pearson’s chi-square (y?) test or Fisher’s exact test, as
appropriate. Progression-free survival (PFS), defined as
the interval from surgery to documented disease
progression (distant metastasis), was estimated using the
Kaplan-Meier method, and differences between groups
were assessed using the log-rank test. Univariate and
multivariate analyses of factors associated with PFS
were performed using Cox proportional hazards
regression models. Hazard ratios (HRs) with 95%
confidence intervals (CIs) were reported. A two-sided p-

value < 0.05 was considered statistically significant.

Results and discussion

ARID1A immunoreactivity in cancerous versus
adjacent non-cancerous areas of CRC tissues

ARIDIA expression was examined in cancerous
and adjacent non-cancerous regions of CRC tissues
using immunohistochemistry (IHC). Tissue samples
were obtained from a total of 78 CRC patients. ARID1A
staining intensity was scored from 0 to 3, corresponding
to negative, weak, moderate, and strong expression,
respectively (Figure 1).

In adjacent non-cancerous regions, moderate to

strong ARIDI1A staining was detected in seventy-three

cases (91.03%), and no negative staining was observed
(Figure 2(A)). By contrast, in cancerous tissues, sixty-
five cases (83.3%) showed weak to moderate staining,
while 6 cases (7.7%) were completely negative (Figure
2(A)). The proportion of ARID1A-positive cells was
also significantly lower in cancerous compared with
non-cancerous areas (Figure 2(B)). Furthermore, H-
score analysis, incorporating both staining intensity and
the percentage of positive cells, further confirmed
reduced ARIDIA expression in cancerous regions
(Figure 2(C)).

Based on the H-score cut-off (150/300), sixty-
seven samples (85.90%) had low expression of
ARIDI1A, while 11 samples (14.10%) remained highly
expressed in the cancerous regions. On the other hand,
almost all the adjacent non-cancerous areas had high
ARIDIA expression (74 of 78 samples, 94.87%)
(Figure 2(D)). Consistently, semi-quantitative analysis
of relative optical density (ROD) also demonstrated a
significant decrease in ARIDIA protein levels in
cancerous compared with adjacent non-cancerous areas
(Figure 2(E)). Immunohistochemical analysis
demonstrated differential ARID1A expression between
non-cancerous and cancerous colorectal tissues. In
adjacent non-cancerous regions, ARIDIA expression
was consistently higher, whereas a marked reduction
was observed in cancerous areas (Figure 2(F)).

Decreased ARID1A protein expression has also
been increasingly reported in various human
malignancies, particularly those of the gastrointestinal
tract [27]. Consistent with our findings, previous studies
have demonstrated negative or reduced ARIDIA
expression in 5.9% [28], 25.8% [29], 30.2% [30], 66.5%
[10] and 90.48% [11] of primary colorectal carcinomas,
respectively. Loss of ARIDIA protein expression is
involved in oncogenic transformation [10,31].
Collectively, these findings support the notion that loss
or reduction of ARID1A expression plays a critical role

in driving CRC carcinogenesis and progression.
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Figure 1 Grading of ARID1A immunostaining in colorectal cancer. ARID1A nuclear staining was assessed in adjacent
non-cancerous (upper panels) and cancerous regions (lower panels) and scored as 0 (negative), 1 (weak), 2 (moderate) and
3 (strong). Positive staining appears as brown nuclear coloration. All images were captured at 400x original magnification.
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Figure 2 ARID1A protein expression in colorectal cancer tissues (A) Distribution of ARID1A staining intensity scores in
non-cancerous and cancerous areas. (B) Proportion of ARID1A-positive cells in non-cancerous and cancerous regions
stratified by histological differentiation. (C) H-score analysis of ARID1A expression in non-cancerous versus cancerous
areas. The H-score was calculated based on staining intensity and the percentage of positive cells. (D) Classification of
ARIDI1A expression as low or high using a 50% H-score cut-off value (150 out of 300). (E) Relative optical density (ROD)
of ARIDI1A staining in adjacent non-cancerous versus cancerous tissue regions. (F) Representative immunohistochemical
staining of ARIDIA in adjacent non-cancerous and cancerous areas across well-, moderately-, and poorly differentiated
CRC tissues. Insets show negative controls. All images were captured at 400x original magnification. Data are presented as
mean + SEM. Statistical comparisons were performed using the Mann-Whitney U test (p < 0.05).
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CRC patient characteristics

The demographic and clinical characteristics of
the 78 patients with CRC are presented in Table 1. The
age of the patients ranged from 30 to 89 years, with a
mean age of 65.63 + 1.36 years. Of the patients, 35
(44.87%) were male, and 43 (55.13%) were female.
Tumors were found in the rectum or sigmoid colon in 40
patients (51.28%), and the largest tumor in the sample
was greater than 4.50 cm in diameter in 47 patients
(60.26%), with an average dimension of 5.26 £ 0.25 cm.
Pathological differentiation was graded as well-
differentiated adenocarcinoma in 53 patients (67.95%),
moderately differentiated adenocarcinoma in 18 patients
(23.08%), and poorly differentiated adenocarcinoma in
seven patients (8.97%). Based on AJCC and TNM
staging, 5 patients (6.41%) were at stage I, 17 patients
(21.79%) were at stage 11, 26 patients (33.33%) were at
stage III and 30 patients (38.46%) were at stage IV.
Most patients (89.74%) were diagnosed with CRC in the
advanced stages of tumor invasion (pT3 - pT4), while
only eight patients (10.26%) were diagnosed in the early
stages (pTO - pT2). Thirty patients (38.46%) had
metastases to other organs, such as the liver,
peritoneum, and prostate gland, while 48 patients
(61.54%) did not. In addition, 55 CRC patients (70.51%)
had comorbidities such as type II diabetes mellitus,
hypertension, and dyslipidaemia. The presence of lymph
node involvement, lymph node metastasis (LNM), and

lymphovascular invasion (LVI) was identified in 43 of

the 78 patients with CRC (55.13%). The remaining 35
patients (44.87%) had no lymph node involvement
(Table 1).

Association of clinicopathological
characteristics with the expression of ARID1A and
mLNR status

Patients were stratified into two groups according
to ARID1A expression (low versus high) and mLNR
status (low versus high). According to Fisher’s exact
analysis, low ARIDIA expression was significantly
associated with late AJCC staging (p = 0.014), positive
lymph node involvement (pN stage) (p = 0.002),
presence of LNM (p = 0.002), LVI (p = 0.010), and
patient comorbidity (p = 0.028). Moreover, a high
mLNR was significantly associated with worse
prognostic factors, including late AJCC staging, stage
IV (p =0.021) (Table 1).

Our analysis revealed that low ARIDIA
expression was significantly associated with adverse
clinicopathological features, including advanced AJCC
stage, positive lymph node involvement, LNM, LVI,
and comorbidities. Similarly, high mLNR correlated
with worse prognostic indicators, particularly stage IV
disease. These findings suggest that both decreased
ARIDIA expression and elevated mLNR reflect more
aggressive tumor behavior and poorer prognosis in CRC
patients, supporting their potential utility as prognostic

biomarkers [6].

Table 1 Association between ARID1A expression, mLNR status, and the clinicopathology of CRC patients (total n =

78).
ARID1A expression mLNR status
Clinicopathological .
characteristics n (%) Low A?IDIA A;I;]g)l;A p-value® Low nolLNR High 1(1)1LNR povalue?
(n (%)) 0 (%)) (n (%)) (n (%))
Number of patients 78 (100.0) 67 (85.90) 11 (14.10) 64 (82.05) 14 (17.95)
Gender 1.000 0.380
Male 35 (44.87) 30 (38.46) 5(6.41) 27 (34.61) 8 (10.26)
Female 43 (55.13) 37 (47.44) 6 (7.69) 37 (47.44) 6(7.69)
Age 0.073 0.538
> 60 years old 55(70.51) 50 (64.10) 5(6.41) 27 (34.61) 8 (10.26)
<60 years old 23 (29.49) 17 (21.80) 6 (7.69) 37 (47.44) 6(7.69)
Tumor location 0.393 0.128
Rectum/ Sigmoid colon 40 (51.28) 33 (42.31) 7 (8.97) 33 (42.31) 7(8.97)
Right side colon 28 (35.90) 26 (33.34) 2 (2.56) 25 (32.05) 3(3.85)

Left side colon 10 (12.82) 8 (10.26) 2 (2.56) 6 (7.69) 4(5.13)
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ARID1A expression mLNR status
Clinicopathological .
characteristics n (%) Low A?IDIA A;I;f)l;A p-value! Low I?LNR High I:ILNR povalue?
(n (%)) 0 (%)) (n (%)) (n (%))
Pathologic
differentiation 0765 0.057
Poor differentiation 7 (8.97) 7(8.97) 0 (0.00) 4 (5.13) 3(3.84)
Moderate differentiation 18 (23.08) 15(19.23) 3 (3.85) 13 (16.67) 5(6.41)
Well differentiation 53 (67.95) 45 (57.69) 8 (10.26) 47 (60.26) 6 (7.69)
Tumor greatest
dimension (cm.) 0329 1.000
>45 47 (60.26) 42 (53.85) 5(6.41) 39 (50.00) 8(10.26)
<45 31 (39.74) 25 (32.05) 6 (7.69) 25 (32.05) 6 (7.69)
AJCC staging 0.014* 0.021*
Stage IV 30 (38.46) 24 (30.77) 6 (7.69) 25 (32.05) 5(6.41)
Stage 111 26 (33.33) 26 (33.33) 0 (0.00) 17 (21.79) 9 (11.54)
Stage I1 17 (21.79) 12 (15.38) 5(6.41) 17 (21.79) 0 (0.00)
Stage | 5(6.41) 5(6.41) 0 (0.00) 5(6.41) 0 (0.00)
pT stage 1.000 0.338
pT3-pT4 70 (89.74) 60 (76.92) 10 (12.82) 56 (71.79) 14 (17.95)
pTO-pT2 8(10.26) 7 (8.98) 1(1.28) 8(10.26) 0 (0.00)
pN stage 0.002* <0.001%
pN1-pN2 (Positive) 43 (55.13) 42 (53.85) 1(1.28) 29 (37.18) 14 (17.95)
pNX-pNO (Negative) 35 (44.87) 25 (32.05) 10 (12.82) 35 (44.87) 0 (0.00)
PM stage 0.319 1.000
pM1 30 (38.46) 24 (30.77) 6 (7.69) 25 (32.05) 5(6.41)
pMO 48 (61.54) 43 (55.13) 5(6.41) 39 (50.00) 9(11.54)
Lymph node metastasis 0.002* <0.001*
Positive 43 (55.13) 42 (53.85) 1(1.28) 29 (37.18) 14 (17.95)
Negative 35 (44.87) 25 (32.05) 10 (12.82) 35 (44.87) 0 (0.00)
Lymphovascular
. . 0.010* 0.075
invasion
Presence 43 (55.13) 41 (52.57) 2 (2.56) 32 (41.03) 11 (14.10)
Not identified 35 (44.87) 26 (33.33) 9(11.54) 32 (41.03) 3(3.84)
Comorbidity 0.028* 0.331
Presence 55 (70.51) 44 (56.41) 11 (14.10) 47 (60.25) 8 (10.26)
Absence 23 (29.49) 23 (29.49) 0 (0.00) 17 (21.80) 6 (7.69)

Abbreviations used: ARID1A, AT-rich interactive domain-containing protein 1 A; mLNR, metastatic lymph node ratio; CRC, colorectal

cancer; AJCC, American Joint Committee on Cancer; p, pathological; TNM, tumor (T), nodes (N), and metastases (M). #p - value was

analyzed using Fisher’s exact test. *p - value < 0.05 was considered to indicate statistical significance.

Combined prognostic significance of ARID1A
expression and mLNR status

The association between ARIDIA expression
combined with mLNR status and the clinicopathology
of CRC patients is shown in Table 2. Patients were
classified into three groups based on ARIDIA
expression and mLNR status: Low ARIDI1A/high
mLNR, low ARIDIA/low mLNR, and high

ARID1A/low mLNR. The analysis showed that CRC
patients with low ARID1A/high mLNR (n = 14,
17.95%) had a significantly worse prognosis, which was
strongly associated with advanced AJCC stage (p =
0.006), higher pN stage (p < 0.001), presence of lymph
node metastasis (LNM, p < 0.001), lymphovascular
invasion (LVI, p = 0.010), and patient comorbidities (p
=0.035).
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Our findings indicate that the combined
assessment of ARID1A expression and mLNR status
provides enhanced prognostic value in CRC, as patients
with low ARID1A expression and high mLNR exhibited
significantly worse outcomes, which were strongly
associated with advanced AJCC stage, higher pN stage,

lymph node metastasis, lymphovascular invasion, and
comorbidities. This suggests that integrating ARIDIA
and mLNR may serve as a valuable marker for
identifying high-risk CRC patients and guiding clinical

management.

Table 2 Combined prognostic significance of ARID1A expression and mLNR status (total n = 78).

ARIDI1A expression and mLNR status

Clinicopathological

Low ARID1A/

Low ARID1A/ High ARID1A/

characteristics n %) High mLNR Low mLNR Low mLNR pvalue’
(n (%)) (n (%)) (n (%))
Number of patients 78 (100.0) 14 (17.95) 53 (67.95) 11 (14.10)
Gender 0.578
Male 35 (44.87) 8(10.26) 22 (28.20) 5(6.41)
Female 43 (55.13)  6(7.70) 31(39.74) 6 (7.69)
Age 0.157
> 60 years old 55(70.51) 11 (14.10) 39 (50.00) 5(6.41)
<60 years old 23(29.49)  3(3.89) 14 (17.95) 6 (7.69)
Tumor location 0.116
Rectum/ Sigmoid colon 40 (51.28) 7 (8.98) 26 (33.33) 7(8.97)
Right side colon 28 (35.90) 3(3.89) 23 (29.49) 2 (2.56)
Left side colon 10 (12.82)  4(5.13) 4(5.13) 2 (2.56)
Pathologic
differentiation 0154
Poor differentiation 7 (8.97) 3(3.84) 4(5.13) 0 (0.00)
Moderate differentiation 18 (23.08) 5(6.41) 10 (12.82) 3 (3.85)
Well differentiation 53(67.95) 6(7.69) 39 (50.00) 8 (10.26)
Tumor greatest
dimension (cm.) 0-467
>4.5 47 (60.26) 8 (10.26) 34 (43.59) 5(6.41)
<45 31(39.74)  6(7.69) 19 (24.36) 6 (7.69)
AJCC staging 0.006*
Stage IV 30 (38.46) 5(6.41) 19 (24.36) 6 (7.69)
Stage 111 26 (33.33)  9(11.54) 17 (21.79) 0 (0.00)
Stage 11 17 (21.79)  0(0.00) 12 (15.38) 5(6.41)
Stage I 5(6.41) 0 (0.00) 5(6.41) 0 (0.00)
pT stage 0.451
pT3-pT4 70 (89.74) 14 (17.95) 46 (58.97) 14 (17.95)
pTO-pT2 8(10.26) 0 (0.00) 7 (8.98) 1(1.28)
pN stage <0.001*
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ARIDI1A expression and mLNR status

Clinicopathological

Low ARID1A/

Low ARID1A/ High ARID1A/

characteristics n (%) High mLNR Low mLNR Low mLNR prvalue’
(n (%)) (n (%)) (n (%))

pN1-pN2 (Positive) 43 (55.13) 14 (17.95) 28 (35.90) 1(1.28)
pNX-pNO (Negative) 35(44.87)  0(0.00) 25 (32.05) 10 (12.82)
pM stage 0.528
pM1 30(38.46)  5(6.41) 19 (24.36) 6 (7.69)
pMO 48 (61.54) 9 (11.54) 34 (43.59) 5(6.41)
Lymph node metastasis <0.001*
Positive 43 (55.13) 14 (17.95) 28 (35.90) 1(1.28)
Negative 35(44.87)  0(0.00) 25 (32.05) 10 (12.82)
Fym[‘)hovascular 0.010*
invasion
Presence 43 (55.13) 11 (14.10) 30 (38.46) 2(2.57)
Not identified 35(44.87)  3(3.85) 23 (29.49) 9 (11.53)
Comorbidity 0.035%
Presence 55(70.51)  8(10.26) 36 (46.15) 11 (14.10)
Absence 23(29.49) 6(7.69) 17 (21.80) 0 (0.00)

Abbreviations used: ARID1A, AT-rich interactive domain-containing protein 1A; mLNR, metastatic lymph node ratio;

CRC, colorectal cancer; AJCC, American Joint Committee on Cancer; p, pathological; TNM, tumor (T), nodes (N), and

metastases (M). *p - value was analyzed using Fisher’s exact test. *p - value < 0.05 was considered to indicate statistical

significance.

Impact of ARID1A expression and mLNR
status on Progression-Free Survival (PFS) of patients
with CRC

A Kaplan-Meier curve and log-rank test analyses
were conducted to investigate the impact of ARIDIA
protein expression and mLNR status on the PFS in
patients. The findings revealed that patients with low
ARIDIA expression had a shorter PFS (58.2% PFS rate)
than those with high ARID1A expression (72.7% PFS
rate). However, no significant difference between the
groups was shown (p = 0.337) (Figure 3(A)). The
analysis also showed that patients with high mLNR had
a significantly worse prognosis (21.4% PFS rate)
compared to those with low mLNR (68.8% PFS rate) (p
= 0.001) (Figure 3(B)). In addition, we found that the
patients with low ARID1A expression combined with
high mLNR showed the worst PFS (21.4% PFS rate)

among the other groups. This difference was statistically
significant (p = 0.005) (Figure 3(C)).

Although low ARIDIA expression alone was
associated with a shorter PFS, the difference was not
statistically significant. In contrast, high mLNR was
strongly correlated with poor prognosis, as reflected by
a markedly reduced PFS. Importantly, the combined
evaluation revealed that patients with low ARIDIA
expression and high mLNR had the worst outcomes,
with significantly reduced PFS compared to other
groups. These findings suggest that while ARIDIA
expression alone may not be a robust independent
predictor, its integration with mLNR substantially
enhances prognostic discrimination, highlighting the
potential of this combined biomarker approach for
identifying high-risk CRC patients.
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Figure 3 Kaplan-Meier analysis of 5-year progression-free survival (PFS) in colorectal cancer patients. (A) PFS curve
for CRC patients with high and low ARIDIA levels. (B) PFS according to metastatic lymph node ratio (mLNR),
categorized as low (< 0.4) and high (> 0.4). (C) The PFS for CRC patients with combined ARID1A expression and mLNR
statuses. Survival differences were assessed using the log-rank test, with statistical significance set at p < 0.05.

Furthermore, univariable and multivariable
analyses using Cox proportional hazards regression
analysis were performed to identify the significant
predictors of prognosis in CRC patients. Univariable
analysis showed that mLNR status, AJCC staging, pN,
pM stage and LNM were all potential prognostic factors
correlated with the PFS (all p < 0.05). However, the
expression level of ARIDIA was not found to be
associated with a shorter PFS (p = 0.352, as shown in
Table 3). A multivariable analysis was conducted,
including all parameters with p < 0.05 in the univariable
analysis. The study revealed that mLNR status and pM
stage were independent prognostic factors for PFS (all p
< 0.05, as shown in Table 3).

This observation is consistent with previous

reports identifying mLNR as a significant prognostic

factor across multiple malignancies [18-20], including
head and neck cancers [32], oral and oropharyngeal
squamous cell carcinomas [33,34], and CRC [18,20]. In
line with these studies, our analysis further confirmed
mLNR as an independent prognostic factor for PFS in
CRC, underscoring its clinical utility. Taken together,
the combined assessment of ARID1A expression and
mLNR may provide a more reliable approach for
identifying high-risk CRC patients and improving
this
retrospective, single-institution study with a limited

prognostic accuracy. However, as was a
sample size, the findings should be interpreted with
caution. Larger multicenter studies are warranted to
validate the prognostic relevance of ARIDIA and
mLNR and to further elucidate their biological roles in

CRC progression.
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Table 3 Univariable and multivariable analyses of progressive-free survival in 78 patients with CRC using the Cox

hazard regression analysis.

Univariable analysis Multivariable analysis
Hazard  95% confidence Hazard 95% confidence
Parameters X . . .

ratio interval (CI) p-value ratio interval (CI) p-value

(HR) Lower Upper (HR) Lower Upper
ARIDI1A expression 0.568 0.173 1.870 0.352
Low (n=67) vs High (n=11)
mLNR 0.319 0.152 0.668  0.002* 0.211 0.085 0.526 0.001*
>40 (n=14) vs <0.40 (n = 64)
Gender 1.110 0.544 2.266 0.774
Male (n = 35) vs Female (n =43)
Age, years old 1.140 0.537 2.422 0.733
>60 (n=55)vs <60 (n=23)
Tumor location 0.705 0.345 1.440 0.337
Rectum/Sigmoid (n = 40) vs
Right/Left (n = 38)
Pathological differentiation 0.843 0.404 1.759 0.648
Poor/Moderate (n = 25) vs Well (n=53)
Tumor greatest dimension (cm.) 0.657 0.309 1.395 0.274
>45m=47)vs<4.5 (n=31)
AJCC staging 0.024 0.001 0.534  0.018* 0.000 0.000  3.934E + 113 0.943
IV-III (n = 56) vs II-I (n = 22)
Tumor invasion (pT stage) 0.240 0.033 1.760 0.160
pT3 - pT4 (n=70) vs pT2 -pT1 (n=28)
Positive lymph node (pN stage) 0.352 0.157 0.788  0.011* 0.416 0.159 1.086 0.073
pN1 - pN2 (n =43) vs pNO (n = 35)
Distant metastasis (pM stage) 0.068 0.027 0.171 0.000* 0.043 0.014 0.130 0.000*
pM1 (n =30) vs pMO (n = 48)
Lymph node metastasis 0.352 0.157 0.788  0.011* - - - -
Positive (n = 43) vs Negative (n = 35)
Lymphovascular invasion 0.836 0.409 1.706 0.622
Presence (n = 43) vs Absence (n = 35)
Comorbidity 1.191 0.561 2.529 0.650

Presence (n = 55) vs Absence (n = 23)

Abbreviations used: CRC, colorectal cancer; ARIDIA, AT-rich interactive domain-containing protein 1A; mLNR,
metastatic lymph node ratio; AJCC, American Joint Committee on Cancer; p, pathological; TNM, tumor (T), nodes (N),

and metastases (M). *p - value < 0.05 was considered to indicate statistical significance.
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Correlation between the mRNA expression of
ARID1A and the biomarkers involved in lymph
node metastasis of CRC

Several biomarkers associated with LNM in CRC
have been previously reported by Zhu et al. in 2024 [15].
We further investigated the correlation between the
mRNA expression of ARIDIA and LNM-associated
genes in CRC using the GEPIA2 database. The analysis
demonstrated a significant correlation between
ARIDIA mRNA expression and LNM-associated
genes, including aquaporin 1 (AQPI), aquaporin 3
(AQP3), aquaporin 5 (AQPS), endothelial cell adhesion
molecule (ESAM), fins related receptor tyrosine kinase
4 (FLT4) (also known as vascular endothelial growth
factor receptor 3 (VEGFR-3)), heat shock protein 47
(HSP47) (also known as serpin family H member 1
(SERPINH1)), insulin like growth factor 1 receptor
(IGFIR), Navli.6 (also known as sodium voltage-gated
channel alpha subunit 8 (SCN8A)), prospero homeobox
1 (PROXI), VEGF-C, and VEGF-D. Among the LNM-
associated genes, IGFIR showed the strongest
correlation with ARIDIA (Figures 4(A) - 4(B)). In
contrast, caudal type homeobox 2 (CDX2), IMP U3
small nucleolar ribonucleoprotein 3 (IMP3), protein
tyrosine phosphatase 443 (PTP4A3) (also known as
phosphatase of regenerating liver-3 (PRL-3)), and
tyrosine kinase receptor B (TrkB) did not show a
significant correlation with ARIDIA (Figure 4(A)).

Survival analysis of the lymph node metastasis-
associated gene in colon and rectal adenocarcinoma
The prognostic significance of each LNM-
associated gene was evaluated in COAD and READ

using GEPIA2-based survival analysis. In COAD
patients, high expression levels of HSP47 (also known
as SERPINHI) and VEGF-C were significantly
associated with worse OS. In READ patients, low
expression of /GFIR and high expression of VEGF-C
were similarly associated with poorer OS. Notably,
elevated VEGF-C expression demonstrated consistent
prognostic significance in both COAD and READ
cohorts, underscoring its potential as a shared biomarker
of adverse outcomes (Figures 4(C) - 4(D)).

IGFIR signaling promotes cancer cell
proliferation and survival by driving cell cycle
progression, inhibiting apoptosis, and inducing
epithelial-mesenchymal transition process [35,36].
Likewise, VEGF-C is a well-established driver of CRC
progression, particularly  through its role in
lymphangiogenesis and metastasis through VEGF-
C/NOTCH signaling [37,38]. Clinically, VEGF-C
overexpression has been associated with lymphatic
involvement, LNM, depth of tumour invasion, and
shorter survival in CRC [39]. Collectively, these
findings suggest that ARIDIA may regulate key
molecular drivers of lymphangiogenesis and nodal
spread, particularly through its interactions with /GFIR
and VEGF-C, thereby highlighting the ARIDIA-LNM
axis as a potential target for prognostic evaluation and
therapeutic intervention in CRC. However, the
molecular mechanisms underlying the interactions
between ARIDIA, IGFIR, and VEGF-C remain
unclear. Further in vitro studies are required to elucidate
these pathways and to evaluate their potential as

therapeutic targets in CRC.
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and lymph node metastasis (LNM)-associated gene expression and their

prognostic significance in colon (COAD) and rectal adenocarcinoma (READ). (A) Heatmap representing Spearman’s
correlation coefficient between ARID1A and LNM-associated genes based on TCGA-COAD and READ transcriptomic

data obtained via the GEPIA2 platform. (B) Representative scatter plots showing the pairwise correlations between

ARIDIA and individual LNM-associated genes. (C) Survival heatmap displaying the hazard ratio for overall survival

associated with each LNM-related gene in COAD and READ patients. (D-E) Kaplan—Meier survival curves generated

via GEPIA2 for LNM-associated genes with significant prognostic impact on overall survival in (D) COAD and (E)

READ patients.
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Conclusions

Low ARIDIA expression and high metastatic
lymph node ratio (mLNR) are associated with
aggressive tumor features and poorer prognosis in
colorectal cancer. Patients with combined low ARIDIA
and high mLNR exhibited advanced disease, increased
lymph node involvement, and reduced progression-free
survival. Transcriptomic analysis further revealed
significant correlations between ARID14 and key lymph
node metastasis-related genes, including IGFIR,
HSP47, and VEGF-C, which were prognostically
relevant. These findings highlight the combined
assessment of ARIDIA and mLNR as a promising
prognostic biomarker panel for risk stratification and

personalized management in CRC.
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