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A B S T R A C T

Background: Early-stage diagnosis, absence of specific reliable biomarkers, and better clinical 
management of colorectal cancer (CRC) remain major challenges. The Rspondin2 (RSPO2) gene 
is one of the most potent enablers of Wnt signaling, having contrasting aspects in tumor devel
opment and progression.
Aim: We aimed to identify the role of RSPO2 as a molecular biomarker by evaluating its me
thylation and expression profiles in CRC tissue samples to identify biomarker potential.
Methodology: Combined bisulfite restriction analysis (CoBRA) and quantitative reverse tran
scription polymerase chain reaction (qRT-PCR) were used to access the change in methylation 
pattern and expression profile of RSPO2 in 52 CRC tissue samples. DNA methylome and tran
scriptome profiling of CRC samples were hierarchically clustered, and prognostic utility was 
measured using a Kaplan-Meier (K-M) plot and univariate analysis.
Results: RSPO2 was hypermethylated (33/52; 63.46 %) and significantly associated with early- 
stage (I+II, p = 0.04) CRC tissue and exhibited low RSPO2 expression (42/52; 80.76 %). 
Hierarchical clustering stratified the samples into two distinct clusters that share some significant 
clinical and molecular factors specific for cluster 1 such as LN status (p  <  0.0001) and lym
phovascular invasion (p = 0.0013) while staging (p  <  0.0001) and RSPO2 methylation 
(p = 0.0402) in cluster 2, which are valuable for personalized medicine. K-M plot analysis 
showed that patients with low RSPO2 expression have poor disease-free survival but could not be 
a risk factor.
Conclusion: RSPO2 may be a potential biomarker for early-stage detection and provide valuable 
insight into the diagnosis of patients with CRC.
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Introduction

Colorectal cancer (CRC) is a common gastrointestinal cancer originating in the colon and rectum when cells lining the colorectum 
accumulate genetic and epigenetic alterations and is also rarely influenced by environmental factors. Colorectal cancer found its 
prevalence to be third and mortality rates to be second in both sexes, which remain high even after significant advances in diagnosis 
and treatment [1]. Less is known about the actual etiology of CRC and the extent to which epigenetic changes, particularly me
thylation and certain gene mutations like KRAS, BRAF etc, disrupt genomic stability and lead to CRC progression [2]. Not surpris
ingly, most patients with CRC are generally only diagnosed at advanced stages, as they are asymptomatic in the initial phase and have 
a poor prognosis, leading to an increase in mortality rate. However, many studies have indicated that early diagnosis and accurate 
treatment can also improve the survival and prognosis of CRC patients. Notably, the available molecular targets or biomarkers 
associated with early-stage tumor progression are not specifically detected or are futile. Therefore, a new effective biomarker for 
early diagnosis or prognosis is required to improve the survival rate through effective therapy and personalized medicine.

Rspondin2 (RSPO2) is a secreted protein that binds to G-protein coupled receptors (GPCR) such as the LGR4–6 receptors and serves as 
a Wnt signaling enabler by inhibiting the ZNRF3/RNF43 ubiquitin ligase. Recently, it was concluded that RSPO2 is not only the potent 
amplifier of Wnt-dependent signaling but also a dedicated modulator of Wnt-independent signaling pathways such as BMP and FGF, this 
is probably due to the multifunctional distinct binding domain in the RSPO2 gene. In addition, hybrid type approach of data mining and 
cell surface binding assay have also identified some novel targets of RSPO2 such as PTC1/2, ROBO4, LGI1, PTPR(F/S), and SMO, which 
may play a diverse role in the disease pathogenesis, including various types of cancer [3]. In addition to its crucial functions in carci
nogenesis, which include modulating the phenotypes of cells, it is also involved in several developmental processes and morphogenesis 
[4]. In the research carried out, it was found that in cancers, especially colon cancer, multiple oncogenic signaling pathways are altered, 
which are mediated by contrasting expressions of Rspondin. In breast cancer, high expression of RSPO2 amplifies Wnt signaling, which 
induces the proliferation and migration of breast cancer cells and is associated with a reduced survival rate [5]. Similarly, overexpression 
of the RSPO2 gene has been documented in liver cancer, which is mediated by CTNNB1 activation, suggesting involvement of the Wnt 
signaling pathway [6]. Furthermore, in vitro and in vivo experiments demonstrated that oncogenic overactivation of RSPO2 promotes 
cell proliferation, migration and cell survival in liver carcinoma via a novel Hippo/Yap pathway [7]. Conceptually identical work carried 
out by Wang et al., has found that RSPO2 expression was enhanced in nasopharyngeal cancer, moreover, siRNA-mediated knockdown 
significantly inhibited the cell viability, migration, and metastasis by regulating the expression of ZNRF3/Gli1 signaling [8]. More recent 
work by Pan et al., has analyzed the mechanism of progression of ovarian cancer through RSPO2-mediated activation through FAK/Src 
signaling pathway. Their report showed that RSPO2 was highly expressed in ovarian cancer and promotes the progression and metastasis 
through a dual-receptor mechanism, which can lead to autoactivation of FAK/Src signaling cascade in ovarian cancer cells, and reveals 
that RSPO2/FAK/Src signaling could be considered as the new target that can lead to prevent the spread of ovarian cancer [9].

On the contrary, researchers have also shown that RSPO2 functions as a tumor-suppressor gene in liver cancer progression, as 
knockdown of RSPO2 promotes cell proliferation and invasion, and overexpression leads to the inhibition of cell biological processes 
via a significant change in the expression of MAPK signaling [10]. There is another evidence to support the hypothesis that silencing 
of RSPO2 promotes the proliferation and migration of lung cancer cells and conversely, overexpression prevents these biological 
consequences, suggesting that RSPO2 functions as a tumor-suppressor gene in lung cancer [11]. Notably, regardless of the alteration 
in DNA sequences, change in the transcription pattern of RSPO2 is observed in other human cancers such as prostate [12], gastric 
[13], penile [14], aberrant crypt foci (mucosal abnormality in the colon) [15], colorectal [16,17], and breast [7] that could be 
considered an effective diagnostic or prognostic biomarker and an attractive candidate for targeted therapy.

Since RSPO2 is an important modulator of Wnt signaling, the most altered signaling pathway in CRCs, we hypothesize that a 
change in DNA methylation of the RSPO2 promoter and its gene expression will be an important event in the development and 
progression of CRCs. Our previous study demonstrated that RSPO2 expression was significantly downregulated in various cancers, 
including CRC, compared to normal samples, which was probably due to promoter hypermethylation as revealed by The cancer 
genome atlas (TCGA) database analysis [18]. Thus, it is more important to evaluate RSPO2 as epigenetically regulated and abnor
mally expressed in the majority of CRC samples, which could be targeted for action to develop as a potential biomarker promising for 
diagnosing CRC. In this report, we aimed to establish the gene expression and promoter hypermethylation of RSPO2 in our cohort of 
CRC samples and correlate these with the clinicopathological and molecular features (KRAS and BRAF mutation) and disease-free 
survival to investigate the diagnostic and prognostic potential.

Materials and methods

Patient samples and demographic details

A total of 70 sporadic colorectal cancer samples and 40 matched adjacent normal samples were obtained between 2017 and 2019 
from patients diagnosed at the Rajiv Gandhi Institute and Research Center, New Delhi, India. The study included all participants for 
whom tissue samples and medical data were available (n = 52). The demographic, clinical, and tumor-associated data, including age, 
gender, histopathology, tumor grade, tumor stage, treatment performed, and other information, were collected during follow-up and 
a comprehensive data sheet was created for the patient's medical records. The detailed clinicopathological parameters of the patients 
included in this study are discussed in Table S1. It was confirmed that patients were not administered radiotherapy and che
motherapy preoperatively. Prior to use, all tumor and adjacent normal specimens of patients were kept in storage at -80°C. The 
institutional ethics committee has approved the study with approval number IEC/2024–25/02.
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In-silico RSPO2 methylation and expression status

An in-silico approach to identify the methylation and expression status of RSPO2 in colorectal cancer (COAD and READ) was 
performed using the University of Alabama at Birmingham cancer data analysis portal (UALCAN) database (http://ualcan.path.uab. 
edu), which provides the TCGA datasets for in-depth analysis. The methylation level (average beta value) of RSPO2 was visible as the 
Box Whisker plot displays the TCGA samples. Moreover, we also examine the relationship between RSPO2 methylation and ex
pression using the Shiny methylation analysis resource tool (SMART) database (http://www.bioinfo-zs.com/smartapp/).

DNA extraction and allele-specific PCR

For methylation analysis, 52 CRC patient samples and 6 matched normal samples were used. Genomic DNA (gDNA) extraction 
was performed from a CRC tissue sample using a genomic DNA extraction kit (HiPurA Mammalian Genomic DNA Kit) and Phenol; 
Chloroform; Isoamyl alcohol (PCI) method following the standard protocol prescribed by the manufacturer, and the yield and purity 
of the isolated gDNA was quantified in a nanodrop spectrophotometer (Genetix). Allele-specific PCR was performed to check the 
mutation status of KRAS and BRAF gene in each tumor sample described elsewhere [19].

Combined bisulfite restriction analysis

This method provides trustworthy quantitative data irrespective of DNA methylation levels of the target locus. 
Approximately 500 ng of isolated gDNA was further processed for bisulfite conversion by using a recommended EZ DNA 
Methylation-Gold kit (Zymo Research, Irvine, CA, USA) according to user guidelines. For primer design, the promoter sequence 
(994 bp) enriched in 92 CpG sites was retrieved from the UCSC genome browser. Gene-specific primers were designed com
plementary to the sense strand of the bisulfite-converted RSPO2 sequence to amplify the CpGs enriched promoter region of 
approximately ∼400 bp–750 bp as the region of interest Figure S1. Modified genomic DNA (gDNA) using approximately 
20–50 ng, a target genomic region was amplified in two-step PCR (primary and secondary) using the primers as specified in 
Table S2. The primary and secondary PCR was carried out at optimized conditions for 25 and 35 cycles. A reaction mixture 
without DNA was used as a non-template control for both primary and secondary PCR. Following 2-step PCR, restriction di
gestion was carried out at optimized conditions, which contained amplified DNA - 10 µl, 10X Cutsmart Buffer - 2 µl, 20U/µl Taq1 
- 1 µl (NEB), and nuclease and protease water - 7 µl and the reaction mixture was incubated at 65°C for 1.5 h. The digested 
product was then electrophoresed in a 3 % agarose gel at constant voltage and analyzed in a gel documentation system (UVITEC, 
Cambridge) to observe the digestion pattern.

RNA extraction and reverse transcription

For the real-time quantitative assay, 52 tumor samples were selected and proceeded for RNA extraction and quantification. 
Total RNA was extracted from whole cancer tissue using RNA isolation TRIzol reagent (Invitrogen) and RNA isolation kit 
(HiPurA Total RNA Miniprep Purification Kit) as per the manufacturer's recommendations. Concentration and purity were 
determined using a nanodrop spectrophotometer at 260/280 nm and the rest was stored at -80°C until further requirement. 
Isolated total RNA was reverse transcribed into cDNA using a cDNA synthesis kit (BIO-RAD, USA) in a 20 µl reaction volume 
containing (5x iScript Reaction Mix - 4 µl, iScript Reverse Transcriptase - 1 µl, RNA template -1000ng and nuclease and pro
tease-free water - variable) and incubated in thermal cycler by following protocol (priming – 5 min. at 25°C, reverse tran
scription - 20 min at 46°C, RT inactivation – 1 min at 95°C and Hold - 4°C). The quality of the cDNA was checked by semi- 
quantitative PCR using the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) at an optimized tem
perature. The primer sequence was used to detect RSPO2 and GAPDH (reference gene), as shown in Table S2. Importantly, the 
accuracy and specificity of the primers were verified using the NCBI Primer-BLAST (a web-based tool for finding specific 
primers) and the UCSC-BLAT search.

Quantitative Real-Time Polymerase Chain Reaction

Quantitative real-time polymerase Chain Reaction (qRT-PCR) was used to examine the expression pattern of RSPO2, which might 
be altered due to promoter methylation of the RSPO2 gene. We use the fluorescent reporter dye SYBR Green/ROX to determine the 
relative amount of the amplified sample in the real-time machine (QuantStudio 3, Applied Biosystem). Reaction mix components for 
each reaction include 2X SYBR Green - 5 µl (iTaq Universal,(BIO-RAD), 10 pmol/µl forward and reverse primers – 0.5 µl, cDNA – 0.5/ 
1 µl, nuclease and protease-free water – variable. The amplification programming was performed for 40 cycles at 95°C – 10 min, 95°C 
– 15 s, 60°C – 30 s, and 72°C – 30 s. Moreover, melting temperature was set at 95°C – 15 s, 60°C – 1 min, and 95°C – 5 s, which has 
been used to monitor the target-specific amplification. The relative expression level of RSPO2 mRNA was determined and normalized 
to the relative amount of GAPDH mRNA used as a reference gene. Finally, fold change was calculated using the formula (2–∆∆CT) to 
calculate the relative expression in each sample [20]. (To normalize the gene expression in tumor tissue that does not have adjacent 
normal tissue, age and gender-matched normal samples were utilized).
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Molecular clustering using clinical and molecular profiles

An unsupervised machine learning-based approach was utilized to perform the cluster analysis using clinical and molecular 
profiles of CRC patients. For this study, we used ‘ClustVis’, a web-based smart tool that consists of several R-packages (https://biit.cs. 
ut.ee/clustvis/) performed when no assumptions are made about the potential relationships within the multivariate data. The data 
matrix is visualized as a heatmap and divided into annotated clustered rows and columns. The demographic and clinicopathological 
parameters are non-numeric and were annotated as (1−3), while methylation and expression status were represented in their 
original notation. Finally, basic steps were followed for hierarchical clustering, such as (a) clustering distance for rows and columns 
was selected as ‘correlation,’ (b) clustering method for rows and columns chosen as ‘average,’ and (c) order of clustering tree selected 
as ‘tightest cluster first.’

Statistical analysis

Statistical analysis and graphical representations were carried out with GraphPad Prism 9.0.0 (GraphPad Software Inc, USA) and 
SPSS 29.0.2.0 software. Student's t-test was used to identify any significant association at p  <  0.05, and Pearson correlation coef
ficient was chosen to establish the significant relationship between methylation and expression. Tests such as Fisher's exact test or 
chi-square test were used to compare categorical data. Wilcoxon and Student's t-tests were used to evaluate the continuous data for 
statistical significance of correlation or associations with results and clinical characteristics. Disease-free survival was estimated from 
the therapy begun to the last follow-up or death if the patient was disease-free or survived with the disease. The Kaplan-Meier method 
was utilized to analyze disease-free survival (DFS), and the log-rank test (Mantel-Cox) was used to assess differences in survival. The 
Cox proportional hazard model was used for univariate analysis to find the variables that can be used to predict disease-free survival 
rates. All experiments were replicated thrice and were expressed as mean ± SD or SEM. A two-sided test and a p-value less than 0.05 
were considered statistically significant.

Results

Clinicopathological characteristics

In our study cohort (n = 52), the calculated mean age was 61.8 years and the age of the patients ranged from 28 to 84 years. The 
mean age of males was (51.5  ±  2.12). However, in the case of females, the mean age was (65.33  ±  14.37). The present cohort was 
dominant in terms of male patients (67.31 %) compared to females (32.69 %). Of the 52 samples, 46 were derived from the colon 
(86.46 %), indicating that this is the most common CRC. Histological examination shows that most of the CRC detected were ade
nocarcinoma 44 (84.61 %) followed by mucinous 6 (11.54 %). Other carcinomas included medullary and T1 single-ring cell carci
noma 2 (3.85 %). Microscopic images showed that the frequency of well and moderately differentiated (78.85 %) was high compared 
to highly and poorly differentiated CRC in the cohort. Based on the staging criteria, stages 1 and 2 are considered early stages and 
manifest in most subjects 30 (57.69 %). The clinical data demonstrated the prevalence of lymphovascular invasion in 29 (55.77 %) 
patients; with low KRAS (38.46 %) and BRAF (11.53 %) mutation in our cohort Table S1.

Altered RSPO2 expression negatively correlates with its methylation status

Our observation based on TCGA samples in COAD and READ revealed that RSPO2 is significantly hypermethylated in tumor 
samples compared to normal. This profound database (UALCAN) also provides the expression profile (transcripts per million) of 
RSPO2 in COAD and READ relative to normal tissue, typically visible as a Box Whisker plot. Since promoter hypermethylation is 
traditionally associated with gene repression, we found that increased methylation levels may result in low RSPO2 levels in tumor 
samples Figure S2A-D. The RSPO2 expression was considerably downregulated and exhibited a hypermethylation state of CpG islands 
in CRC. A popular method for examining the relationship between methylation and expression of a particular gene is correlation 
analysis [21]. Moreover, according to the aggregated mean of all probes, there was a strong inverse correlation, i.e., increased 
methylation correlated with decreased expression (Pearson's correlation coefficient R = −0.5, p  <  2.2e-16 for COAD; R = −0.25, 
p = 0.019 for READ) Figure S2E and F was observed. Since this in silico study has shown the possible involvement of RSPO2 in 
colorectal cancer (CRC), its biomarker potential is not yet sufficiently clarified experimentally. Therefore, insufficient information 
about the RSPO2 gene prompted us to further investigate in CRC samples.

RSPO2 promoter hypermethylation is associated with early CRC stages

The promoter hypermethylation of RSPO2 was determined using the CoBRA method [22]. The CoBRA technique allows quan
titative detection of locus-specific DNA methylation patterns with a minimal likelihood of false-positive outcomes. The promoter 
methylation status of the promoter region of the RSPO2 gene was investigated, presenting the methylated (hyper- and partially) and 
unmethylated bands based on the extent of the digestion pattern using the Taq1 restriction enzyme of the present alleles in the RSPO2 
gene Figure S3. Interestingly, the methylation level of RSPO2 in CRC tissues was (63.46 %, n = 52), revealing a high level of pro
moter hypermethylation. This finding suggests that RSPO2 hypermethylation is frequent in CRCs, providing evidence to use this 
information as a potential biomarker. Therefore, to explore their biomarker potential, we next investigated whether aberrant RSPO2 
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methylation in CRC tissue samples is significantly associated with their clinicopathological features. Aberrant RSPO2 methylation 
was detected higher in males (n = 33, 66.66 %, p = 0.999) than in females. Among CRC cases, RSPO2 hypermethylation was mostly 
diagnosed in old age (n = 33, 81.82 %, p = 0.999), but these data were not statistically significant Table 1. CRC samples were 
prominently unmethylated for the RSPO2 gene in (n = 19, 94.74 %), p = 0.281) cases of adenocarcinoma. However, no significant 
association was concluded. Interestingly, the RSPO2 gene promoter was methylated in CRC patients without lymph node involvement 
(n = 33, 63.64 %). However, lymph node involvement was observed in a higher percentage (n = 33, 63.16 %) in the RSPO2 un
methylated group of patients but was not statistically significant (p = 0.0856). Curiously, our data suggest a significant association 
between RSPO2 hypermethylation and early-stage cancer (stages I+II, p = 0.040) Figure S4. In addition, the relative risk 
(RR=1.687) for the staging feature suggests a greater strength of association of methylation in patients with early-stage CRC Table 1. 
There were no significant differences in lymphovascular invasion, Microsatellite instability (MSI), and KRAS and BRAF mutation in 
patients with RSPO2 hypermethylation and no methylation. Collectively, the above results show that the occurrence of early-stage 
CRC patients was significantly associated with high levels of RSPO2 methylation. Moreover, RSPO2 hypermethylation increases the 
risk of CRC.

RSPO2 expression was downregulated in CRC tumor samples

We examined the expression level of the RSPO2 gene using quantitative RT-PCR. Cumulative expression analysis showed that 
compared with the matched normal, the expression of RSPO2 mRNA was significantly decreased in patients with CRC (p = 0.0215) 
Fig. 1. Moreover, when we checked the expression of RSPO2 in individual CRC patients, expression was significantly decreased in 
(n = 42) patients, while in (n = 10) the expression was significantly elevated in tumor tissue compared with the normal tissue 
samples. Notably, most tumors showed methylation of RSPO2 genes and downregulation of mRNA levels in the methylated tumors. 

Table 1 
RSPO2 promoter methylation status was associated with 52 CRC patients’ demographic and clinical characteristics for subjects included in the study. 

Clinical Parameter Number of 
Cases

RSPO2 
hypermethylated

RSPO2 
unmethylated

Relative risk 95 % CI p-value

Total (N = 52) N = 33 (63.46 %) N = 19 (36.53 %)
Gender 0.9714 0.6466–1.600 >  0.999
Male 35 22 13
Female 17 11 06
Age(years) 1.071 0.6883–2.118 >  0.999
≥ 50 42 27 15
≤ 50 10 06 04
Tumor location 0.9457 0.6161–2.151 >  0.999
Colon 46 29 17
Rectum 6 04 02
Histological Type na na 0.281
Adenocarcinoma 44 26 18
Mucinous Adenocarcinoma 6 05 01
Other 2 02 0
Tumor Grade 0.9965 0.6555–1.855 >  0.999
Well-differentiated 41 26 15
Poorly differentiated 11 07 04
LN Status 0.6667 0.4047–1.020 0.085
Positive 24 12 12
Negative 28 21 07
Staging 1.687 1.078–2.927 0.040
I+II 30 23 07
III+IV 22 10 12
Lymphovascular invasion 0.9517 0.6252–1.481 >  0.999
Present 29 18 11
Absent 23 15 08
MSI status na na 0.872
Proficient 24 15 09
Deficient 13 09 04
NA 15 09 06
KRAS mutation 0.8000 0.4776–1.225 0.3816
Mutated 20 11 9
Wild type 32 22 11
BRAF mutation 1.704 1.007–3.995 0.0746
Mutated 6 6 0
Wild type 46 27 19

CI: confidence interval; N: number; LN status: lymph node status; MSI: microsatellite instability; NA: not available; Ad. CT: adjuvant chemotherapy.
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This result indicates that RSPO2 may function as a tumor suppressor gene due to a hypermethylated promoter, which could be an 
early event in colon and rectum tumorigenesis. The probable significance of RSPO2 as a diagnostic factor in colorectal cancer was 
also investigated by examining the association between RSPO2 expression and clinical or pathological features of the tumor. 
However, in our cohort, there were no significant differences were observed in gender, age, tumor location, histological types, tumor 
grade, LN status, staging, lymphovascular invasion, MSI status, and KRAS and BRAF mutation in CRC patients with downregulated vs. 
upregulated RSPO2 expression level Figure S5; Table 2.

Distinctly segregated cluster 2 samples represent RSPO2 as an early-stage biomarker for CRC

Hierarchical clustering was performed to establish the association of RSPO2 methylation and downregulation with clinical and 
molecular features of 52 CRC samples. The two clusters shared dynamic features of the patient, based on correlation and average 
clustering methods. Methylation was identified as an important feature for cluster formation as both clusters were distinguished 
based on their methylation status. The result of unsupervised clustering between the two clusters revealed that samples of cluster 2 
were enriched in downregulated RSPO2 (n = 25/42, 59.52 %,) and highly methylated (n = 24/33, 72.72 %, p = 0.0402). However, 
cluster 1 samples were grouped as RSPO2 downregulated (n = 17/42, 40.47 %) and less methylated (n = 09/33, 27.27 %) Table 3; 
Fig. 2. Among the categorical variables, remarkable differences were observed between staging (I+II, p  <  0.0001) of CRC patients 
predominantly present in cluster 2, which help in recognition of patients with early-stage CRC, and share high frequency of KRAS 
(n = 11/20, 55.00 %), BRAF (n = 5/6, 83.33 %) mutation and predominantly MSI proficient (n = 15/24, 62.5 %). While LN status 
(p  <  0.0001) and lymphovascular invasion (p = 0.0013) are positive and present in CRC patients exclusively in cluster 1, re
presenting the samples could be of advanced CRC stages, which led us to explore the targeting of RSPO2 with first-line treatment to 
improve the prognosis.

The Kaplan-Meier (K-M) curves of DFS were used to evaluate the prognosis of clusters 1 and 2, which showed no statistically 
significant variations between them (log-rank p = 0.461). However, comparatively, patients falling into cluster 2 have a low cu
mulative mean DFS of 32.32 months (95 % CI: 30.634–34.006) compared to patients in cluster 1 with a mean DFS of 33.20 months 
(95 % CI: 32.021–34.619) Figure S6.

Downregulated RSPO2 associated with poor disease-free survival

To predict the relationship between RSPO2 expression and methylation with disease-free survival, a comprehensive analysis 
integrating clinical, molecular profiling and statistical methods was employed. The K-M plot was constructed, indicating that RSPO2 
methylation has no effect on the DFS of the CRC patients (p = 0.611) Fig. 3A. However, the correlation between reduced disease-free 
survival and RSPO2 downregulation (p = 0.276) was observed in CRC cases, but was not significant. We also observed that the 
cumulative three-year survival for patients with underexpressed RSPO2 mRNA levels has a shorter survival rate (66.7 %) than in 
patients with high mRNA levels (80.0 %). Comparatively, the mean DFS for low expression was 32.41 months compared to 33.77 
months for high expression Fig. 3B; Table 4.

Fig. 1. qRT-PCR-based analysis of the RSPO2 gene. The relative expression of the RSPO2 gene is represented in the bar diagram, demonstrating the significant 
downregulation in CRC patient samples compared to adjacent normal tissue. (Relative change in expression was calculated using 2¯ΔΔct method and the bar represents 
mean ± SEM) RSPO2: rspondin2; mRNA: messenger Ribonucleic Acid. Statistically significant difference was measured according to two-tailed *p  <  0.05 (Wilcoxon 
signed rank test).
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Molecular markers serve as prognostic biomarkers with better outcomes

Univariate analysis was performed to identify the independent prognostic biomarkers for both (clinical and molecular) profiles of 
CRC patients. For DFS as an outcome of interest, molecular markers such as RSPO2 expression and methylation and KRAS as well as 
BRAF mutation could not emerge as an independent risk factor for patients with CRC in our cohort. Moreover, some clinical and 
pathological features, such as age and tumor grade, continued to be associated as a trend with poor prognosis of CRC cases. 
Interestingly, cancer of the colon (33.12 months) was significantly associated with better DFS compared to rectum cancer patients 
(28.06 months) p = 0.014, possibly due to a smaller number of samples with rectum cancer (n = 6) that produce statistically biased 
results in our cohort. Therefore, the tumor present in the colon is a statistically significant (p = 0.028) factor that correlates with 
better prognosis (HR: 0.462; 95 % CI: 0.233–0.919) of CRC patients Fig. 4. Other independent variables, such as gender, staging, 
lymphovascular invasion, and LN status, are associated with better survival outcomes.

Discussion

Several cancer types have been identified and studied, with the growing evidence for RSPO2 deregulation and its possible 
therapeutic value as a prognostic and diagnostic biomarker in preclinical and clinical contexts. However, to the best of our 
knowledge, none of the reports have addressed the diagnostic or prognostic biomarker potential and clinical relevance of RSPO2 
methylation and expression in CRC patients.

Here, we investigated the methylation and expression profile of RSPO2 and its association with clinical and pathological features 
in CRC samples. As the first step of the study, we initially analyzed the TCGA samples, which showed low mRNA expression, which 
could be due to promoter hypermethylation in COAD and READ (CRC). In addition, we detected a strong inverse correlation (Pearson 

Table 2 
RSPO2 expression status was associated with 52 CRC patients’ demographic and clinical characteristics for subjects included in the study. 

Clinical Parameter Number of 
Cases

RSPO2 
Downregulated

RSPO2 
Upregulated

Relative risk 95 % CI p-value

Total (N = 52) N = 42 (80.76 %) N = 10 (19.23 %)
Gender 0.7893 0.6075–1.051 0.1375
Male 35 26 09
Female 17 16 01
Age(years) 0.7619 0.6147–1.072 0.1778
≥ 50 42 32 10
≤ 50 10 10 00
Tumor location 0.7826 0.6443–1.300 0.5822
Colon 46 36 10
Rectum 6 06 0
Histological Type na na 0.7618
Adenocarcinoma 44 35 09
Mucinous 

Adenocarcinoma
6 05 01

Other 2 02 00
Tumor Grade 0.9837 0.7576–1.565 >  0.999
Well-differentiated 41 33 08
Poorly differentiated 11 09 02
LN Status 1.167 0.8786–1.579 0.3087
Positive 24 21 03
Negative 28 21 07
Staging 0.8877 0.6658–1.195 0.4882
I+II 30 23 07
III+IV 22 19 03
Lymphovascular 

invasion
1.057 0.7981–1.463 0.7341

Present 29 24 05
Absent 23 18 05
KRAS mutation 0.8889 0.6172–1.172 0.4799
Mutated 20 15 5
Wild type 32 27 5
BRAF mutation 1.278 0.7694–4.035 0.5822
Mutated 6 6 0
Wild type 46 36 10
MSI status na na 0.8909
Proficient 24 20 04
Deficient 13 10 03
NA 15 12 03

CI: confidence interval; N: number; LN status: lymph node status; MSI: microsatellite instability; NA: not available; Ad. CT: adjuvant chemotherapy.
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correlation statistics) between methylation and expression, suggesting that the RSPO2 gene expression is epigenetically regulated and 
is significantly associated with CRC.

The differential methylation pattern of the tumor-suppressor gene is a common epigenetic change that abruptly destroys the 
normal gene expression and is often linked with the early events in cancer. DNA methylation of RSPOs as a promising biomarker 
holds a considerable role in the precise estimation of early detection of tumors, for example, acute myeloid leukemia [23], esophageal 
carcinoma [24], breast cancer [7] and colorectal cancer [25]. Similarly, in this study, we reported that hypermethylation of RSPO2 
was found in (33/52, 63.46 %) patients who have cancer of the colorectum and display a significant association (p = 0.040) with 
early-stage (stage I+II) cancers. Conversely, the mRNA level of RSPO2 in these CRC tumor tissues was significantly lower than in the 
adjacent normal tissue, but showed no association with clinicopathological parameters. Of note, our in-silico study indicated that the 
hypermethylated RSPO2 promoter may cause low expression in CRC samples at the transcript level [18]. These results are remarkable 
compared to previously published data, as methylation of several tumor-suppressors MLH1, MGMT, CDKN2A, and SEPT9 sig
nificantly serves as an early detection prognostic biomarker for monitoring CRC patients [26–29]. Gastrointestinal tumors have the 
highest incidence of DNA methylation changes among the tumor types described in the Cancer Genome Atlas project. Histopatho
logical and pyrosequencing results confirmed that the methylation level of RSPO2 is a potential marker for gastric cancer progression 
irrespective of its occurrence due to H. pylori infection, which was studied in a cohort of 976 Colombian populations [30]. Re
markably, in other cancers such as pancreatic, lung, tongue, and thyroid, the extent of methylation and dysregulated RSPO2 ex
pression is recognized as an emerging diagnostic and prognostic biomarker [31–33].

Next, to reveal the complex relationship between clinical and molecular datasets, we employed unsupervised clustering, which 
not only distributes the samples into clusters or subgroups sharing similar characteristics but also reveals the disease cause associated 

Table 3 
Characteristics of tumor samples of CRC patients were compared using hierarchical clustering. 

Clinical Parameters Number of Cases Cluster 1 Cluster 2 p-value

Total (N = 52) (N = 20) (N = 32)
Gender 0.5442
Male 35 12 23
Female 17 08 09
Age (years) >  0.9999
≥ 50 42 16 26
≤ 50 10 04 06
Tumor location 0.0708
Colon 46 20 26
Rectum 6 0 06
Histological type 0.7665
Adenocarcinoma 44 16 28
Mucinous Adenocarcinoma 6 03 03
Other 2 01 01
Tumor grade 0.73
Well-differentiated 41 15 26
Poorly differentiated 11 05 06
LN status <  0.0001
Positive 24 19 05
Negative 28 01 27
Staging <  0.0001
I+II 30 0 30
III+IV 22 20 02
Lymphovascular invasion 0.0013
Present 29 17 12
Absent 23 03 20
MSI status 0.2578
Proficient 24 09 15
Deficient 13 03 10
NA 15 08 07
RSPO2 expression 0.7225
Downregulated 42 17 25
Upregulated 10 03 07
RSPO2 methylation 0.0402
Methylated 33 09 24
Unmethylated 19 11 08
KRAS mutation 0.5605
Mutated 20 09 11
Wild type 32 11 21
BRAF mutation 0.3867
Mutated 06 01 05
Wild type 46 19 27

N: number; LN status: lymph node status; MSI: microsatellite instability; NA: not available; Ad. CT: adjuvant chemotherapy; RSPO2: rspondin2.
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with correlated characteristics. Moreover, the clustering method can identify and remove technical artifacts and facilitate better data 
interpretation, which may not be possible with manual inspection. Hence, the ClustVis tool was adopted to establish the diagnostic 
and prognostic significance and categorize the 52 CRC samples into two clusters that share similar or distinct clinical and molecular 
parameter characteristics. The unsupervised hierarchical clustering analysis of molecular parameters of the 52 CRC samples revealed 
that cluster 1 comprised low-methylated samples that share downregulated RSPO2 in CRC patients. However, in the segregated 
cluster 2 samples, hypermethylated and downregulated RSPO2 expression dominated in CRC samples. Comparative analysis shows 
that cluster 2 comprises more males than females with advanced age and represents mainly MSI-proficient and KRAS and BRAF 
mutated samples that were associated with poor prognosis either due to the significant impact of clinical features such as tumor 
location, histological types, tumor grade and staging (p  <  0.0001) or predominantly RSPO2 hypermethylated CRC samples 
(p = 0.0402). Cluster 2 samples sparsely share lymphovascular invasion and lymph node involvement among CRC patients, which 
are primary clinical features for the identification of tumor metastasis, indicating that high RSPO2 methylation could be associated 
with the initial stages of CRC but not with metastasis and invasion.

Patients in both clusters received adjuvant chemotherapy followed by surgery, which is an effective means of treatment for CRC. 
However, no significant distinctiveness was drawn between clusters in terms of treatment provided. As per the earlier work, re
searchers have highlighted the polymorphism within the RSPO2 gene, and KRAS mutant tumors exhibited a poor prognosis than 
wild-type KRAS tumors in mCRC patients and did not show a better response to treatment with FOLFIRI and bevacizumab [34].

Few studies have attempted to delineate the methylation and expression of RSPO2 in different cancers. However, its prognostic 
significance as a biomarker for DFS in patients with CRC has not been well established. It is worth noting that in the present study, we 
observed a significant association between downregulation of RSPO2 and reduced DFS compared to higher expression, showing that 

Fig. 2. Multivariate feature analysis using the interactive ‘ClustVis’ tool. Heatmap representing the hierarchical clustering of 52 CRC samples distributed in two 
distinct clusters sharing similar or divergent characteristics based on RSPO2, KRAS, and BRAF status. The figure illustrates that cluster 2 samples are enriched with 
early-stage CRC patients having KRAS and BRAF mutations and were MSI-proficient. LN status: lymph node status; MSI: microsatellite instability; down: down
regulated; up: upregulated; meth: methylated; unmeth: unmethylated; WT: wild type.
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underexpressed RSPO2 is a poor indicator of DFS in CRC patients. Notably, other studies have also reported that RSPO2 under
expression or higher methylation rate is significantly correlated with poor overall survival (OS) and DFS in various other cancers such 
as bladder [35], liver [36], tongue squamous cell carcinoma [37] and gastric cancer [38]. Finally, we examined the prognostic 
relevance using univariate analysis, which indicates that molecular marker may not serve as an independent risk factor for CRC 
development in our cohort.

Overall, insight into the strengths of this study is expected to contribute to a better understanding, which are as follows: (a) The 
role of RSPO2 in CRC offers a basis for future investigation as a potential biomarker or therapeutic target. (b) The first report 
identifies population-specific factors by targeting the Indian population, which is genetically diverse and underrepresented in the 
worldwide cancer registry. (c) Robust methodologies and standard statistical tools were used to evaluate the expression and me
thylation of RSPO2 precisely and ensure reproducible outcomes. (d) This study is probably a pilot work and lays the groundwork for 
further research at a larger CRC cohort.

Despite the importance of the study, this work suffers from certain limitations, which are particularly related to (a) a small sample 
size, which may affect the meaningful association and dilute overall findings. (b) Statistically biased outcomes: limited sample size 
may contribute to unreliable inferences in some statistical comparisons. (c) Cancer model: our study is limited as it primarily focused 
on CRC tissues only and did not explore other cancer models such as cell lines, peripheral blood, and serum samples. (d) Restricts the 
exact conclusion of the study in the absence of comparative analysis based on ethnicity. However, these issues should be anticipated 
and addressed in future work.

Fig. 3. Kaplan-Meier analysis is used to depict disease-free survival rates in colorectal cancer patients. (A) Methylation status in patients with methylated and 
unmethylated RSPO2 groups represents no effect on DFS. (B) The expression status of up- and down-RSPO2 groups reveals that the underexpression of RSPO2 is 
associated with poor DFS. The y-axis and x-axis denote the percentage of patients and survival time. (Log-rank test -Mantel-Cox was used to compute the difference in 
DFS p  <  0.05 using SPSS 29.0.2.0 software). DFS: disease-free survival; down: downregulated; up: upregulated.

Table 4 
Effect of RSPO2 methylation and expression and KRAS and BRAF mutation on CRC patient survival. 

RSPO2 Cumulative survival (three-year) Mean DFS (months) 95 % CI (months) p-value

Methylation 0.611
Methylated (n = 33) 66.7 % 32.76 31.31–34.21
Unmethylated (n = 19) 73.7 % 32.32 30.37–34.28
Expression 0.276
Down (n = 42) 66.7 % 32.41 31.05–33.77
Up (n = 10) 80.0 % 33.77 31.92–35.62
KRAS mutation 1.000
Mutated (n = 20) 70.0 % 33.23 32.01–34.45
Wild type (n = 32) 68.8 % 32.37 30.66–34.08
BRAF mutation 0.462
Mutated (n = 6) 83.3 % 33.33 30.35–36.31
Wild type (n = 46) 67.4 % 32.63 31.39–33.87

CI: confidence interval; N: number; DFS: disease-free survival; RSPO2: rspondin2.
(%): percentage.

A. Srivastava, G. Kant, M.P. Singh et al.                                                                                                               Global Medical Genetics 12 (2025) 100078

10



Conclusion

Our finding suggests that the RSPO2 promoter is hypermethylated in the majority of CRC tumor samples and shows down
regulated expression compared to adjacent normal tissue. The hypermethylated CpG island of the RSPO2 promoter is positively 
correlated with early-stage CRC samples, suggesting that the RSPO2 gene may be a crucial biomarker for detecting early-stage CRC. 
Notably, unsupervised clustering analysis revealed that CRC patients in cluster 2 shared poorer survival characterized by RSPO2 
hypermethylation and downregulation, dominated by KRAS and BRAF mutation, and were MSI-proficient with respect to cluster 1, 
providing compelling evidence that these molecular factors are usually associated with CRC progression.
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