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Purpose: T1 high grade (T1HG) bladder cancer (BC) is a type of non-muscle invasive BC (NMIBC) that is recognized as an aggres-
sive subtype with a heightened propensity for progression. Current risk stratification methods for NMIBC rely on clinicopathologi-
cal indicators; however, these approaches do not adequately capture the aggressive nature of TTHG BC. Thus, new, more accurate
biomarkers for TTHG risk stratification are needed. Here, we enrolled three different patient cohorts and investigated expression of
collagen type Vl alpha 1 (COL6AT), a key component of the extracellular matrix, at different stages and grades of BC, with a specific
focus on TTHG BC.

Materials and Methods: Samples from 298 BC patients were subjected to RNA sequencing and real-time polymerase chain reaction.
Results: We found that TTHG BC and muscle invasive BC (MIBC) exhibited comparable expression of COL6A1, which was signifi-
cantly higher than that by other NMIBC subtypes. In particular, TTHG patients who later progressed to MIBC had considerably
higher expression of COL6AT than Ta, T1 low grade patients, and patients that did not progress, highlighting the aggressive nature
and higher risk of progression associated with TTHG BC. Moreover, Cox and Kaplan—Meier survival analyses revealed a significant
association between elevated expression of COL6AT and poor progression-free survival of TTHG BC patients (multivariate Cox haz-
ard ratio, 16.812; 95% confidence interval, 3.283-86.095; p=0.001 and p=0.0002 [log-rank test]).

Conclusions: These findings suggest that COL6AT may be a promising biomarker for risk stratification of TTHG BC, offering valu-
able insight into disease prognosis and guidance of personalized treatment decisions.
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INTRODUCTION

Bladder cancer (BC), the most common malignant tumor
of the urinary system, has the highest incidence among
all genitourinary system tumors [1] BC is divided into non-
muscle invasive (NMIBC) and muscle invasive (MIBC) types
based on the depth of tumor infiltration into the bladder
wall. In clinical practice, 75%—85% of initial BC cases are
NMIBC, with 20% of patients having T1 high grade (TTHG)
BC [2] TIHG BC is classified as NMIBC based on pathologi-
cal staging; however, due to high heterogeneity and difficul-
ty in predicting the prognosis, it is generally considered as
a highly malignant tumor. The recurrence rate of NMIBC
is 45%—55%, and the progression rate is 6%—17%, depending
on patient-specific disease characteristics [3] Unlike other
NMIBC types, TIHG BC has a recurrence rate of up to 80%,
and approximately half of patients progress to MIBC within
3 years [4]

The main treatment options for TIHG BC are instillation
of high-dose intravesical Bacillus Calmette—Guérin (BCG) or
radical cystectomy (RC), with RC being particularly recom-
mended for patients at high risk of disease progression [5]
However, pathological stage and grade cannot reliably pre-
dict progression of TIHG BC, leading to some patients being
either overtreated or missing the optimal treatment window.
In other words, accurate prediction of which patients are
suitable for intravesical BCG instillation and which should
undergo bladder removal is a challenge. Therefore, there is
an urgent need for more precise strategies to guide treat-
ment of TIHG BC in clinical practice. Studies demonstrate
that the prognosis of TIHG BC can be predicted based on
factors such as gene expression levels, specific gene muta-
tions, and abnormal expression of the immune checkpoint
molecule programmed death ligand 1 (PD-L1) [6-11], however,
there is still no consensus.

In a previous study, we showed that expression of the
collagen type VI alpha 1 (COL6AI) gene was higher in MIBC
patients than in NMIBC patients [12] Collagen is one of the
main components of the extracellular matrix (ECM), which
is part of the tumor microenvironment (TME) and plays a
crucial role in tumor invasion and metastasis. Changes in
collagen levels within the TME lead to release of biome-
chanical signals that are sensed by tumor cells and stromal
cells, thereby triggering a series of alterations. Degradation
of collagen can affect the TME by regulating ECM remodel-
ing to promote tumor progression [13] Research on the role
of COL6A1 in BC is limited, with only a few informatics-
based studies demonstrating an increase expression of cer-
tain biomarkers, including COL6A1, in BC patients [14,15].
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The specific molecular mechanisms underlying expression of
COL6A1I in BC remain unclear. It is worth noting that the
two types of BC (NMIBC and MIBC) exhibit different mo-
lecular characteristics in terms of pathogenesis and progres-
sion, which necessitates separate analyses of the two types.
In particular, TIHG BC falls under the classification of
NMIBC, but demonstrates biological and clinical prognostic
features resembling those of MIBC; therefore, it is crucial to
conduct separate analyses to determine the role of COL6A1
in progression of TIHG BC. The aim of this study was to
investigate the role of COL6A1 in TIHG BC, and to evaluate
its potential as a prognostic marker for predicting disease

progression.

MATERIALS AND METHODS

1. Ethics statement

The Ethics Committee of Chungbuk National University
approved the protocol, and written informed consent was
obtained from each subject. The collection and analysis of all
samples were approved by the Institutional Review Board
(IRB) of Chungbuk National University (IRB approval
number CBNU-202301-BR-0285), and informed consent was
obtained from each subject.

2, Study design

The workflow and overall study design are shown in
Fig. 1. A previous study reported differential expression of
COL6AI mRNA in normal control (normal tissue surround-
ing BC), NMIBC, and MIBC tissues (all p<0.05). Specifi-
cally, expression of COL6AI was significantly lower in both
NMIBC and MIBC tissues than in controls (p<0.0001), while
it was expressed at higher levels in MIBC than in NMIBC
(p<0.05) [12] To identify the relationship between COL6A1
levels and progression of TIHG BC, the present study evalu-
ated expression of the COL6AI gene in patients with BC of
different pathological stage and grade, as well as differing
prognoses. This was done by conducting RNA sequencing
(RNA-=seq) and real-time polymerase chain reaction (PCR)
in BC samples. In the test cohort, expression of COL6A1 was
first examined in patients with BC of varying pathologi-
cal stage and grade. Subsequently, expression of COL6AI in
TIHG BC cases with disease progression was compared with
that in those without progression. Afterwards, COL6AI gene
expression was subjected to a comprehensive analysis using
real-time PCR of samples from the first validation cohort.
A second validation cohort comprising 82 T1IHG BC patients
was utilized to demonstrate the performance of COL6AI as
a prospective marker for predicting disease progression.
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Validation#cohort 2
(n=82)

COLG6A1

Pathologic stage No. Pathologic stage No. T1HG progression  No.
Ta 20 Ta 26
TILG 10 T1LG 33
: : No 72
Differentially _ T1HG 13 T1HG 26 Over-expressed
expressed gene in in TTHG
normal control, MIBC 43 MIBC 45 i i
NMIBC and MIBC with progression
v v
T1HG progression  No. T1HG progression  No.
Yes 10
No 10 No 1
Yes 3 Yes 15

Fig. 1. Overall study design. :Denotes reference [12]. *RNA-seq-based cohort. “Real-time polymerase chain reaction-based cohort. COL6A17, colla-
gen type Vl alpha 1; NMIBC, non-muscle invasive bladder cancer; MIBC, muscle invasive bladder cancer; T1LG, T1 low grade; TTHG, T1 high grade.

Comprehensive details regarding patient information
and tissue sample descriptions can be found in Table 1 and
the online only Supplementary material.

3. RNA extraction

Total RNA was extracted from tissues using TRIzol re-
agent (Invitrogen) and stored at -80°C. Next, cDNA was syn-
thesized from 1 pg total RNA using the First Strand cDNA
Synthesis Kit (Clontech, Takara), according to the manufac-
turer’s protocol.

4. RNA-sequencing analysis

The value of RNA Integrity Number (RIN) and the
DV200 metric were measured using an RNA 6000 Nano Kit
and an Agilent 2100 Bioanalyzer (Agilent Technologies) to
confirm the quality and integrity of the RNA. RNA samples
with a RIN >7 were designated as “good total RNA quality”
and were selected for downstream applications. Total RNA
(500 ng) was processed to prepare a whole transcriptome se-
quencing library. Enrichment of whole transcriptome RNA
was conducted by depleting ribosomal RNA (rRNA) prior to
preparation of the whole transcriptome sequencing library
using the MGIEasy RNA Directional Library Prep Kit (MGI
Tech Co, Litd.) as described previously [16] Reference genome
sequence data from Homo sapiens were obtained from the
NCBI Genome database (assembly ID: GRCh38). Reference
genome indexing and read mapping of tissue samples were
performed using STAR software (ver. 254b).

5. Real-time PCR analysis

Relative gene expression was analyzed by real-time PCR
using the 2AACq method [17]. Amplification of mRNA was
performed using a Rotor Gene 6000 instrument (Qiagen
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GmbH). For the real-time PCR reactions, microtubes (Qiagen
GmbH) containing SsoFast EvaGreen Supermix (Bio-Rad
Laboratories, Inc.) were utilized. The following primers were
used to amplify the candidate gene: COL6AI sense, 5-CGTG-
GACCTGTTCTTTGTG-3, and COL6AI antisense, 5-CGT-
CACTGTAGTGCAGCG-3. GAPDH, used for normalization,
was amplified using the following primers: GAPDH sense,
5-CATGTTCGTCATGGGTGTGA-3, and GAPDH antisense,
5-ATGGCATGGACTGTGGTCAT-3.

6. Statistical analysis

Continuous variables are expressed as the meantstan-
dard deviation. The normality of the data was estimated by
the One-Sample Kolmogorov-Smirnov test. Gene expression
values were natural log-transformed and median-centered
across samples. One-way ANOVA, followed by Tukey’s
honestly significant difference test, was used to examine
COLG6AI gene expression in patients with different stage,
grade, and prognoses in each of the three different cohorts.
Homogeneous subset tables show which groups have the
same mean and which groups have a different mean. Stu-
dent’s t-test was used to compare COL6AI expression in
T1HG BC patients with or without progression. The signifi-
cance of various clinicopathological variables was evaluated
using univariate and multivariate Cox proportional hazard
regression models. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were calculated to investigate relative risk.
Survival curves were plotted using the Kaplan—Meier meth-
od and used to determine the prognostic value of the genetic
biomarker. Data were compared using the log-rank test. The
optimal cut-off point for stratifying patients into low-CO-
L6A1 and high-COL6AI was calculated by receiver operating
characteristic (ROC) curve analysis using the Youden index
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Table 1. Clinicopathological features of the primary BC patients

Prognostic biomarker for TTHG bladder cancer

Validation cohort1 Validation cohort2

Variable Test cohort (RNA-seq) (real-time PCR) (real-time PCR)
BC T1HG BC

No. 86 130 82
Age (y) 68.58+12.77 65.67+11.65 68.17+12.17
Sex

Male 63(73.3) 106 (81.5) 72(87.8)

Female 23(26.7) 24 (18.5) 10(12.2)
Operation

TUR-BT 69 (80.2) 97 (74.6) 72 (87.8)

RC 17 (19.8) 33(25.4) 10(12.2
Tumor size (cm)

<1 33(384) 24 (18.5) 38 (46.3)

2-3 50(58.1) 43(33.1) 41 (50.0)

>3 3(3.5) 63 (48.5) 3(3.7)
Multiplicity

Single 32(37.2) 83(63.8) 29(35.4)

2-7 31(36.0) 33(25.4) 37 (45.1)

>7 23 (26.8) 14(10.8) 16 (19.5)
Grade, 2004 WHO grading system

Low 26 (30.2) 65 (50.0) -

High 60 (69.8) 65 (50.0) 82(100.0)
Stage

TaNOMO 20(23.3) 26 (20.0) -

TINOMO 23(26.7) 59 (45.4) 82(100.0)

>T2 or >N1 or M1 43 (50.0) 45 (34.6) -
Progression

No 77 (89.5) 93(71.5) 72 (87.8)

Yes 9(10.5) 37(28.5) 10(12.2)

Mean follow-up (mo) 51.95 (1-227.33)

62.19(1-172.20) 73.65(1-239.17)

Values are presented as number only, meanzstandard deviation, number (%), or number (range).
BC, bladder cancer; PCR, polymerase chain reaction; TTHG, T1 high grade; TUR-BT, transurethral resection of bladder tumor; RC, radical cystec-

tomy; WHO, World Health Organization.

[18] Statistical analysis was performed using SPSS v240 (IBM
Co.), GraphPad Prism 8 (GraphPad Software), and MedCalc
software ver. 200 (MedCalc Software). p-values <005 were
considered significant.

RESULTS

1. Expression of COL6AT mRNA in BC tissues from
the test RNA-seq cohort

Expression of COL6A1 mRNA in TIHG BC samples was
comparable with that in MIBC samples, and both showed
higher expression than Ta and T1 low grade (T1LG) BC
(p<0.05, respectively) (Fig. 2A). Table 2 lists the homogeneous
subsets identified by one-way ANOVA with Tukey’s post-
hoc analysis. There are two distinct homogeneous subsets.
One includes Ta and T1LG BC patients, with no significant

Investig Clin Urol 2024;65:94-103.

difference in COL6AI expression between the two groups.
The other subset comprises TIHG and MIBC patients, who
show higher expression of COL6A1 than the former subset
and form a separate homogeneous subset, again with no sig-
nificant difference in COL6AI expression between the two
groups. These findings support the notion that TIHG BC is
more similar to MIBC than NMIBC in terms of inherent
characteristics. Consequently, we created a combined group
comprising Ta and T1LG BC patients, and subdivided the
TIHG group into two: TIHG patients with progression and
T1HG patients without progression. Analysis of COL6AI
mRNA expression within each of these groups revealed
significantly higher expression in the progression group
(p<0.0001). Furthermore, expression of COL6AI mRNA in
MIBC was significantly higher than that in Ta, T1LG, and
T1HG without progression (p<0.05, respectively) (Fig. 2B).
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Fig. 2. Expression of COL6AT mRNA in BC tissues from the test RNA-seq cohort. (A) Comparison of COL6AT mRNA expression in the Ta, T1LG, TTHG,
and MIBC groups. (B) Comparison of COL6AT mRNA expression in the Ta and T1LG, TTHG without progression, TTHG with progression, and MIBC
groups. p-values were calculated using one-way ANOVA followed by the Tukey’s honestly significant difference test. ****p<0.0001, ***p<0.001,
**p<0.01, and *p<0.05. COL6AT, collagen type VI alpha 1; BC, bladder cancer; T1LG, T1 low grade; TT1HG, T1 high grade; MIBC, muscle invasive

bladder cancer.

Table 2. Homogeneous BC subsets identified by Tukey’s honestly significant difference test of COL6AT gene expression data

BC groups according to diverse stage and grade N ; Homogeneous subsets >
Ta 20 4.8887°
TILG 10 4.8945°
T1HG 13 6.5387°
MIBC 43 6.8026°
Sig. 1.000 0.963
BC groups according to diverse stage, grade, N 1 ) 3
and prognosis
Ta, T1LG 30 4.8907°
T1HG without future progression 10 5.6599° 5.6599°
MIBC 43 6.8026°
TTHG with future progression 3 9.4677°
Sig. 0.691 0.367 1.000

BC, bladder cancer; T1LG, T1 low grade; TTHG, T1 high grade; MIBC, muscle invasive bladder cancer; Sig., statistical significance.

*:Mean expression value of COL6AT in each group.

Tukey’s post-hoc analysis suggested that there are three dis-
tinct homogeneous subsets. Notably, the TIHG group with
progression formed a separate homogeneous subset with
significantly higher expression of COL6A1 than the other
groups (Table 2). This suggests that COL6AI is a predictive
marker for identifying patients at high risk of disease pro-
gression. Subsequent to the initial findings, further valida-
tion tests were carried out to confirm the prognostic value
of COL6A1 overexpression in TIHG BC.

98 www.icurology.org

2. Expression of COL6AT mRNA in BC tissues from
the two different validation cohorts

Analysis of the first validation cohort revealed that
expression of COL6A1 in the TIHG with progression group
was significantly higher than that in the Ta/T1LG, TIHG
without progression, and MIBC groups (p<005, respectively;
Fig. 3A). Analysis using Tukey’s post-hoc analysis revealed
two distinct homogeneous subsets. The first subset comprised
Ta/T1LG BC, and TIHG BC patients without progression,
there was no significant difference in COL6A1 expression
between these two groups. The second subset comprised

https://doi.org/10.4111/icu.20230227
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Fig. 3. Expression of COL6AT mRNA in BC tissues from the two different validation cohorts. (A) Comparison of COL6A7 mRNA expression by the
Ta and T1LG, TTHG without future progression, TTHG with future progression, and MIBC groups in the first validation cohort. (B) Comparison of
COL6AT mRNA expression by TTHG BC patients with diverse prognoses. p-values were calculated using one-way ANOVA followed by the Tukey’s
honestly significant difference test and by Student’s t-test. ****p<0.0001, ***p<0.001, **p<0.01, and *p<0.05. COL6AT, collagen type VI alpha 1;
BC, bladder cancer; T1LG, T1 low grade; TTHG, T1 high grade; MIBC, muscle invasive bladder cancer.

Table 3. Homogeneous BC subsets based on COL6AT gene expression, as assessed by a Tukey’s honestly significant difference test of data from

the first validation cohort

Bladder cancer group according to stage, grade, N Homogeneous subsets
and prognosis 1 2
Ta, T1LG 59 13.1437°
TTHG without future progression 1 13.1739°
MIBC 45 14.2761°
T1HG with future progression 15 14.4278°
Sig. 1.000 0.978

BC, bladder cancer; T1LG, T1 low grade; TTHG, T1 high grade; MIBC, muscle invasive bladder cancer; Sig., statistical significance.

“:Mean expression of COL6AT in each group.

primary MIBC patients and T1HG patients who later pro-
gressed to MIBC. Both groups demonstrated comparable
expression of COL6AI and, importantly, expression levels of
COL6A1I in this second subset was higher than in the first
subset (Le, Ta/T1LG BC, and T1IHG BC without progression).
These findings provide compelling evidence supporting the
notion that patients with TIHG BC, particularly those who
experience progression later, share similarities with MIBC,
and suggest a potential role for COL6AI in progression of
T1HG BC towards an MIBC phenotype (Table 3). The second
validation cohort comprised TIHG BC patients. We found a
significant increase in expression of COL6A1 mRNA among
TI1HG patients who later progressed to MIBC compared with
those who did not (p<0.01) (Fig. 3B). This finding further
supports the association between COL6AI expression and
progression of TIHG BC, indicating that COL6A1 is a po-

Investig Clin Urol 2024;65:94-103.

tential biomarker for identifying patients at higher risk of
disease advancement.

3. Overexpression of COL6AT mRNA associates
with TTHG progression

To assess the predictive value of COL6AI expression for
determining progression-{free survival (PFS) of patients with
T1HG BC, we conducted ROC analysis using the Youden
index to determine an optimal cut-off value for COL6AI
expression. An ideal cut-off of 16,777 was established, with a
sensitivity of 70% and a specificity of 792% for discriminat-
ing patients with progression from those without (Supple-
mentary Table 1). Based on this cut-off value, TIHG patients
in the second validation cohorts were divided into low-
COL6AI and high-COL6A1 groups. Univariate and multi-
variate Cox regression analyses revealed that TIHG patients

www.icurology.org 99
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Table 4. Univariate and multivariate Cox regression analyses of factors predicting TTHG progression

Univariate analysis

Multivariate analysis

Variable
HR (95% Cl) p-value HR (95% Cl) p-value

Age

<70 (Ref.) vs. >70 2.096 (0.589-7.460) 0.253 2.621(0.650-10.576) 0.176
Sex

Male (Ref.) vs. female 24.193 (0.004-144,453.308) 0.472 705,957.008 (0.000-) 0.980
Tumor size

<3 cm (Ref) vs. >3 cm 2.179 (0.559-8.4594) 0.262 3.636 (0.780-16.946) 0.100
Multiplicity

Single (Ref.)

2-7 2.634(0.529-13.108) 0.237 4.353(0.740-25.597) 0.104

Multiple 2.651(0.367-19.179) 0.334 3.572(0.409-31.203) 0.250
COL6AT expression

Low expression (Ref.) vs. high expression 8.520(2.199-33.005) 0.002* 16.812 (3.283-86.095) 0.001*

TTHG, T1 high grade; HR, hazard ratio; Cl, confidence interval; Ref., reference.

*p<0.05.
— Low-COL6A1
--- High-COL6A1
] Cl curve of low-COL6A1
[ Clcurve of high-COL6A1
100 77—
\,L —l
£ 8o{
2 s
5 o0
O | e
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[
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g
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p=0.0002
0 50 100 150 200 250
Time (mo)
No. at risk
Low-COL6A1
59 29 22 12 2 0
High-COL6A1
20 8 5 0 0 0

Fig. 4. Kaplan—-Meier curves showing the effect of COL6AT on progres-
sion-free survival of patients with TTHG. TTHG BC patients were divid-
ed into low-COL6A T and high-COL6A T-expressing groups according to
the receiver operating characteristic-based optimal cut-off value. The
progression-free survival rate of TTHG BC patients with high expres-
sion of COL6AT was significantly lower than that of those with low
COL6AT expression (log-rank test, p=0.0002). COL6AT, collagen type
Vl alpha 1; TTHG, T1 high grade; BC, bladder cancer; Cl, confidence in-
terval.

in the high-COL6AI group had a higher risk of progression
than those in the low-COL6A1 group (HRs, 8520 and 16812;
95% Cls, 2199-33.005 and 3.283-86.095; respectively; both
p<0.005; Table 4). This indicates that COL6A1 expression can
serve as an independent predictor of TIHG progression. No
other clinico-pathological factors were significant predictors

100  www.icurology.org

of the risk of TIHG progression (Table 4). Furthermore, Ka-
plan—Meier analysis revealed that TIHG BC patients in the
low-COL6A1 group had a significantly lower likelihood of
progressing to MIBC than those in the high-COL6AI group
(log-rank test, p=0.0002; Fig. 4). These findings highlight the
potential prognostic value of COL6A1 expression for predict-
ing TIHG progression, and support its use as a predictive
biomarker for clinical decision-making.

DISCUSSION

TIHG tumors are very aggressive, with high rates of pro-
gression (ranging from 30%—50%). These rates can increase
during long-term follow-up, leading to lower survival rates
[19-21] The clinical heterogeneity of TIHG BC has led to an
ongoing debate regarding the optimal treatment strategy
for individual patients. For example, there are instances in
which a patient with TIHG BC who received BCG therapy
but progressed to MIBC or N1 was considered undertreated,
by contrast, a patient who had the potential to respond
well to BCG therapy, but underwent RC instead, was con-
sidered to be overtreated [19] In recent times, early RC has
gained increasing importance as a treatment for TIHG BC,
although BCG therapy remains the current gold-standard
adjuvant therapy [19-21] However, a tool that can accurately
predict prognosis of TIHG patients and provide valuable
recommendations regarding the most appropriate course of
action for each individual patient is needed urgently.

Carcinoma 1n situ (CIS) is a flat tumor confined to the
urothelium of the bladder. Like T1HG, it is a low stage, high
grade, and highly malignant tumor. Research indicates that
the presence of CIS is an important prognostic indicator for

https://doi.org/10.4111/icu.20230227
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TI1HG, and that T1HG patients with associated CIS have a
higher rate of progression [22] However, CIS as a prognostic
indicator presents challenges due to a difficulty in diagnos-
ing this tiny lesion. Some reports suggest that the presence
of CIS is associated only with recurrence rate, and that it
does not affect disease progression [23] Another study points
out that inconsistencies in reporting the coexistence of CIS
and T1 tumor pathology could potentially impact the analy-
sis of results [24] Given the high heterogeneity of BC, the
clinical and pathological indicators used for prognosis and
treatment decisions remain the subject of debate. Therefore,
recent studies have placed increasing emphasis on develop-
ment/identification of molecular biomarkers. The European
UROMOL project [25] suggested that the gene expression
profiles of most T1, ¢T2, and CIS patients are similar, further
indicating their high-risk nature. Another molecular study
of T1 BC classified 149 patients into urobasal, genomically
unstable (GU), and squamous cell-like (SCCL) subtypes. GU
and SCCL tumors showed similar invasiveness, accompanied
by higher rates of lymphovascular invasion, CIS, and deep
invasion, suggesting that they have higher risk of progres-
sion than urobasal tumors [25] The authors proposed the
need for further validation to determine whether the gene
profiles used to identify GU or SCCL tumors can serve as a
prognostic biomarker for T1 BC [26] In addition, Breyer et
al. [27] investigated expression of the immune checkpoint re-
ceptor PD-L1 in paraffin tissue samples from T1 BC patients
and found that those with higher expression of PD-L1 had
relatively higher rates of recurrencefree survival, PFS, and
tumor-specific survival than those with lower expression.
These results support the significant value of molecular bio-
markers for risk stratification of TIHG BC patients. How-
ever, further validation is needed to confirm and strengthen
these findings. Regarding utilization of biomarkers in real
clinical practice, it is desirable to have a limited number that
are easy to measure and interpret. Simplifying the marker
panel and adopting straightforward methods of analysis can
facilitate integration into routine clinical workflows.
Previously, we identified differential expression of CO-
L6A1 among normal controls, NMIBC, and MIBC patients
[12] Collagen is a major component of the ECM, an impor-
tant component of the TME that plays a key role in cancer
development, metastasis, and resistance to treatment [28].
However, the role of type VI collagen in the specific patho-
logical status of TIHG BC remains unclear. In the present
study, we investigated expression of COL6AI in TIHG BC
using three different patient cohorts. We observed that ex-
pression of COL6A1 in TIHG BC was comparable with that
in MIBC, and higher than that in NMIBC patients with Ta
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and TI1LG disease (Fig. 2, Table 2). In particular, COL6A1 ex-
pression was higher in TIHG patients who went on to expe-
rience progression than in those with Ta, T1LG, TIHG with-
out progression, and MIBC (Fig. 3A). Furthermore, we found
a significant association between high COL6A1 expression
and poor PFS of patients with TIHG BC (Fig. 4). Utilization
of multiple cohorts increases the reliability of our findings
because it allows assessment of COL6AI expression across
diverse patient populations with diverse follow-up informa-
tion. The heterogeneous expression of COL6AI among BC
patients with different pathological stages and grades re-
flect the inherent heterogeneity of the disease. Specifically,
the expression profile of COL6A1 in TIHG BC is different
from that in NMIBC, suggesting that T1HG should be treat-
ed differently due to its aggressive nature. In addition, the
observed association between increased COL6AI expression
and poor PFS suggests that COL6AI can serve as a potential
prognostic biomarker for TIHG BC.

CONCLUSIONS

The findings reported herein increase our understand-
ing of the molecular mechanisms underlying progression of
T1HG BC, and highlight the potential clinical significance of
COL6A1 as a predictive marker for patient outcomes. Fur-
ther research, along with more validation tests, is warranted
to confirm these results and to explore the biological path-
ways associated with COL6A1 expression in T1IHG BC.
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