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Purpose: Microrchidia 2 (MORC2) is a universally expressed molecule that has recently been identified as a chromatin modulator 
and elevated in many malignancies. However, its prognostic value and immunological role of MORC2 in colon adenocarcinoma 
(COAD) have never been illustrated.
Methods: The clinical parameters and MORC2 expression datasets of COAD patients were obtained from The Cancer Genome Atlas 
(TCGA). Cancer and adjacent tissue specimens from surgically resected COAD patients were collected, and quantitative real-time 
PCR was used to detect MORC2 expression. Differentially expressed genes related to MORC2 were discovered and used for 
functional enrichment analysis. The diagnostic and prognostic values of MORC2 in COAD were conducted using receiver operating 
characteristics (ROC), Kaplan–Meier survival curve analysis, PrognoScan, Gene Expression Profiling Interactive Analysis (GEPIA) 
public databases and nomograms. Eventually, the association of MORC2 with tumor microenvironment was analyzed by using TIMER 
and GSVA package of R (v3.6.3).
Results: MORC2 expression was upregulated in COAD tissues, and the RT-qPCR results further verified the reliability of our 
differential analysis at the transcriptional level. Additionally, higher expression of MORC2 was correlated to a poor prognosis for 
COAD patients. MORC2 was an independent prognostic factor for COAD and could be a diagnostic factor for early COAD. 
Furthermore, MORC2 expression was positively correlated with immune cells such as NK cells, TFH cells and so on.
Conclusion: The findings demonstrated that overexpression of MORC2 was correlated with worse prognosis and immune infiltrates 
of COAD. MORC2 can serve as a reliable diagnostic and prognostic biomarker and a target of immunotherapy for COAD patients.
Keywords: MORC2, colon adenocarcinoma, diagnosis, prognosis, immune cell infiltration, biomarker

Introduction
In recent years, colorectal cancer (CRC) remains the third most common cancer worldwide, which accounts for 9.4% of 
cancer deaths, just lower than lung cancer with the proportion of 18%, and adenocarcinoma is the main pathologic type 
of colorectal cancer.1 Current methods for diagnosing CRC include colonoscopy, double-contrast barium enema, CT 
colonoscopy, and fecal occult blood test, but most of them are invasive and costly.2 How to use sensitive, non-invasive, 
and economical methods to accurately diagnose CRC earlier and how to monitor the prognosis of patients with confirmed 
disease has become a research hotspot in this field.3 Nowadays, biomarkers such as FOBT and CEA have the potential to 
be more specific in tracking the course of an illness or the effectiveness of a treatment, but they tend to be low sensitive.4 

Therefore, investigating better molecules to establish an accurate diagnosis and prognosis evaluation for CRC is 
inevitable. Despite the treatment of CRC being constantly improving and optimizing, the increasing incidence of CRC 
cases and the rise in morbidity among the younger generation is still a huge challenge for public health and organizations 
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and now causes a heavy financial burden.5 In recent years, immunotherapy-related drugs have been approved for use in 
advanced tumors with high microsatellite instability (MSI-H), including metastatic CRC (mCRC), and improved survival 
outcomes have sparked renewed interest in using the immune system as an anti-tumor biological weapon. Unfortunately, 
for the majority of mCRC patients who are not MSI-H, immunotherapy offers little benefit.6 Consequently, we urgently 
need new biomarkers as immunotherapy targets.

Human MORC2 (MORC family CW-type zinc-finger 2), a highly conserved nuclear matrix protein, is a member of the 
MORC nuclear protein family characterized by one CW-type zinc-finger and three coiled-coil domains.7,8 MORC2 has been 
validated to be associated with chromatin remodeling, promoting lipogenesis, facilitating DNA damage repair and repression 
gene transcription.9 MORC2 is reported to be closely associated with tumor progression. Studies have proven that high MORC2 
expression is detected in several cancers, such as liver cancer, mammary cancer, and gastric cancer, and found that MORC2 
expression level is much more upregulated in high-grade cancer tissues and related to unfavorable pathological features, poor 
overall survival, and disease-free survival.10 It has been reported that phosphorylation of MORC2 by PAK1 promotes the 
proliferation of gastric cancer cells and tumorigenesis;11 MORC2 promotes cell cycle progression by recruiting HDAC1 to the 
P21 promoter and down-regulating P21 in a p53-independent manner.12 Furthermore, MORC2 has been demonstrated to 
promote lipogenesis and adipogenesis of human breast cancer cells and be involved in a prognostic prediction model for breast 
cancer.13 Of note, Tuupanen et al reported that MORC2 is a candidate oncogene for mutational hot spots in micro-satellite- 
instable CRC.14 These results suggest that MORC2 may be an oncogene. Nevertheless, the mechanism of MORC2 in colorectal 
adenocarcinoma (COAD) remains unclear yet, and few studies have explored the potential role of MORC2 in COAD including 
its expression, prognostic value, or correlation with immune infiltration.

In this research, we performed a differential expression analysis of MORC2 and analyzed its association with clinicopatho
logical features and prognosis in COAD by using several kinds of commonly used public databases such as The Cancer Genome 
Atlas (TCGA), UALCAN, PrognoScan, and Gene Expression Profiling Interactive Analysis (GEPIA). The potential function 
and pathway of MORC2 in COAD was predicted by performing Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analysis. Finally, the single-sample GSEA (ssGEAS), Tumor Immune Estimation Resource 
(TIMER) database, and ESTIMATE algorithm were used to explore the correlation of MORC2 expression with immune 
infiltration. This research provides new insights into the potential mechanism of COAD oncogenesis, and indicates that MORC2 
can be an independent diagnostic and prognostic marker of COAD and a target of immunotherapy for COAD patients.

Materials and Methods
Acquisition and Analysis of RNA-Sequencing Data
We downloaded high-throughput RNAseq data and corresponding clinicopathological information of COAD from the TCGA 
database (https://portal.gdc.cancer.gov). Finally, 478 cases of COAD patients were eligible into analysis including 480 cancer 
tissues and 41 normal tissues. We converted transcripts of RNA sequencing data into log2 per million reads format for 
comparison of expression between normal, adjacent normal, and cancer samples. Next, we explored MORC2 expression 
between the COAD tissue and normal tissue from TCGA database, and we used the UALCAN website (http://ualcan.path. 
uab.edu/index.html) for further analysis. Then, we acquired MORC2 protein in COAD with immunohistochemical staining from 
the Human Protein Atlas (https://www.proteinatlas.org/).

Tissues Collection and Quantitative Real-Time PCR
Forty-one patients with pathologically diagnosed COAD were enrolled from 2022 April to 2022 August in the First 
Affiliated Hospital of Guangxi Medical University in this study, and all included patients underwent radical surgery 
without receiving any neoadjuvant radiotherapy and chemotherapy before their surgical operation. Furthermore, patients 
who were complicated with other known tumors were excluded. COAD tissues and their respective adjacent normal 
tissues (5 cm from the tumors) excised during surgery were immersed in RNA protective solution and quickly transferred 
to a −80°C refrigerator for preservation. This study has been approved by the Ethics Committee of the First Affiliated 
Hospital of Guangxi Medical University and informed consent of all patients. The clinical information of these 41 
patients is presented in Table 1. RNAiso Plus solution (9109, Takara), isopropanol, and chloroform were used to extract 
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and purify total RNA from tissues, and we then subjected the RNA to reverse transcription with a PrimeScript RT 
Reagent Kit with gDNA Eraser (RR047A, Takara). After that, the expression of the MORC2 gene was normalized to 
GAPDH expression. The mRNA expression levels of GAPDH and MORC2 were determined by amplification with 
GoTaq qPCR Master Mix (A6002, Promega) and a 7500 instrument. The levels of mRNA were normalized relative to 
GAPDH. The relative mRNA expression levels of the target genes were calculated by 2−ΔΔCT method. Specific primer 
base sequence:

Table 1 Clinical Information of 41 Patients with COAD for Real-Time PCR

Gender (M/F) Age (Years) Histological Type Histological Grade Anatomic Neoplasm Subdivision

F 72 Adenocarcinoma T4bN1bM1c IVC Hepatic flexure of colon
F 70 Adenocarcinoma T3N0M0 IIA Ascending colon

F 34 Adenocarcinoma T3N0M0 IIA Transverse colon

M 65 Adenocarcinoma T3N1cM1a IVA Transverse colon
F 71 Adenocarcinoma T2N1M1a IVA Descending colon

M 65 Adenocarcinoma T3N1cM0 IIIB Ascending colon

F 32 Adenocarcinoma T3N2aM0 IIIB Splenic flexure of colon
F 67 Adenocarcinoma T4aN1cM0 IIIB Ileocecum of the colon

M 52 Adenocarcinoma T4aN1cM0 IIIB Sigmoid colon
M 37 Adenocarcinoma T3N2aMx IIIB Ileocecum of the colon

M 56 Adenocarcinoma T4aN0M0 IIB Sigmoid colon

M 75 Adenocarcinoma T4N0M0 IIB Hepatic flexure of colon
M 71 Adenocarcinoma T3N1M0 IIIB Sigmoid colon

M 46 Adenocarcinoma T4bN0M0 IIC Sigmoid colon

M 57 Adenocarcinoma T4aN1bM0 IIIB Ascending colon
M 61 Adenocarcinoma T3N1bM0 IIIB Splenic flexure of colon

M 70 Adenocarcinoma T3N1bM0 IIIB Transverse colon

M 79 Adenocarcinoma T3N1aM0 IIIB Hepatic flexure of colon
M 58 Adenocarcinoma T3N0M0 IIA Ileocecum of the colon

M 44 Adenocarcinoma T3N0M0 IIA Ascending colon

F 64 Adenocarcinoma T3N2M0 IIIB Transverse colon
F 74 Adenocarcinoma T3N1bM0 IIIB Ascending colon

M 39 Adenocarcinoma T3N1M0 IIIB Transverse colon

F 48 Adenocarcinoma T2N1M0 IIIA Sigmoid colon
F 76 Adenocarcinoma T4bN1M1a IVA Sigmoid colon

M 63 Adenocarcinoma T4N2M0 IIIC Sigmoid colon

M 51 Adenocarcinoma T3N1bM0 IIIB Sigmoid colon
M 69 Adenocarcinoma T3N0M0 IIA Sigmoid colon

M 82 Adenocarcinoma T3N2M0 III Ascending colon

M 63 Adenocarcinoma T4N2M1 IV Ascending colon
M 52 Adenocarcinoma T3N2bM0 IIIC Sigmoid colon

F 71 Adenocarcinoma T3N2M0 III Sigmoid colon

F 72 Adenocarcinoma T3N1M0 IIIB Sigmoid colon
M 32 Adenocarcinoma T4aN1cM0 IIIB Ileocecum of the colon

M 66 Adenocarcinoma T4aN0M0 IIB Sigmoid colon

M 55 Adenocarcinoma T3N1M0 IIIB Transverse colon
M 61 Adenocarcinoma T3N1aM0 IIIB Transverse colon

M 78 Adenocarcinoma T2N1aM0 IIIa Transverse colon

M 56 Adenocarcinoma T3N1aM0 IIIB Ascending colon
M 42 Adenocarcinoma T3N0M0 IIA Sigmoid colon

F 72 Adenocarcinoma T1N0M0 I Sigmoid colon

Abbreviations: COAD, colon adenocarcinoma; M, male; F, female.
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MORC2-F: 5-GCGAGCACTTAAAGAACCTAAG-3.
MORC2-R: 5-CATTTTGATCAGTCGGCTACAG-3.
GAPDH-F: 5-GCACCGTCAAGGCTGAGAAC-3.
GAPDH-R: 5-TGG TGAAGACGCCAGTGGA-3.

Identification of DEGs
According to MORC2 median value, 478 COAD patients were stratified into high- and low-MORC2 expression groups. 
The differentially expressed genes (DEGs) were identified between the two groups by DESeq2 package with a threshold 
of | log2(Fold Change) | > 1 and adj. P. Val < 0.05. The volcano map showed detailed gene expression.

Functional Enrichment Analysis
The biological functions of DEGs were comprehensively observed by GO and KEGG that enable metabolic pathway 
integration and visualization. All GO and KEGG pathway enrichment studies were carried out using R package cluster 
Profiler.

Clinical Association of MORC2 in COAD
First, the association between MORC2 expression and clinical outcomes in COAD patients was analyzed, such as gender, 
age, weight, race, histological subtype, T stages, M stages, nodal metastasis status, and TP53 mutation status. In addition, 
receiver operating characteristic (ROC) curve analysis was used to analyze the diagnostic value of MORC2 in COAD 
patients and estimate the performance of MORC2 as a classifier to distinguish MORC2 patients with different tumor 
stages and grades via R package pROC.

Prognostic Analysis
The prognostic values of MORC2 in COAD patients were illustrated including overall survival (OS), disease-specific 
survival (DSS), and progression-free interval (PFI) using Kaplan–Meier survival curves that were accomplished using 
R packages survival and survminer. Meanwhile, we used the Gene Expression Profiling Interactive Analysis (GEPIA) to 
analyze disease-specific survival (DFS). Furthermore, PrognoScan, and the UALCAN website were applied to further 
show the link between MORC2 expression and patient survival. Additionally, to evaluate the individual survival of 
COAD patients, we combined TNM staging and MORC2 to establish a nomogram survival map using R package “RMS” 
and “survival”. Moreover, we used nomogram evaluation to further analyze the prognostic value of MORC2 and 
eventually compared the predictive accuracies of the nomogram and separate prognostic factors using the C-index.

Gene Mutation Analysis
cBioPortal database is a comprehensive web server. We can use it to explore, visualize, and analyze multi-dimensional 
cancer genomic data. In this research, mutations in the MORC2 gene were validated by cBioPortal database. OncoPrint 
was constructed in cBioPortal to straightly reflect all kinds of changes in MORC2 gene amplification, missense mutation, 
deep deletion, etc., in COAD patients.

Analysis of Immune Infiltration Characteristics
We used the ssGSEA method in R package GSVA to examine the levels of 24 common immune cells infiltration. Spearman 
correlation analysis was adopted to evaluate the relationship between MORC2 and immune checkpoints. Then, we investi
gated TME scores such as ESTIMATE Score, Immune Score, and Stromal Score in the high- and low-expression groups of 
MORC2 gene by using ESTIMATE method. Next, TIMER (http://timer.cistrome.org/) was applied to further evaluate the 
correlation among MORC2, tumor purity, and a number of immunocytes such as B cells, CD4+ T cells, CD8+ T cells, 
neutrophils, macrophages, and dendritic cells and a map is produced to further illustrate gene expression levels relative to 
tumor purity.
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Statistical Analysis
The statistical analysis was performed using R software: R-3.6.3 and GraphPad Prism 8. We compared MORC2 mRNA 
expression levels in cancer and cancer-adjacent tissues using the two-sample t-test. Wilcoxon test was used if the 
normality test was not satisfied between the two groups, otherwise t-test was used. Kaplan–Meier plot with log-rank 
difference test was used to analyze survival differences. The correlation between molecular expression was determined 
by Spearman correlation and statistical significance. The diagnostic significance of MORC2 for COAD was evaluated 
using the ROC curve. P < 0.05 was considered as statistically significant.

Results
MORC2 Differential Expression in Pan-Cancer and COAD
The expression of MORC2 mRNA was explored in various types of cancers based on pan-cancer analysis. We found that the 
level of MORC2 mRNA was upregulated in most tumor tissues, particularly in lung adenocarcinoma, breast cancer, cervical 
squamous cell carcinoma, cervical cancer, COAD, and esophageal cancer (Figure 1A). Then, the expression of MORC2 in 
COAD and normal tissues was compared, illustrating the higher MORC2 expression levels in COAD than normal tissues 
(P < 0.05) (Figure 1B). Paired samples (carcinoma (41) and adjacent tissue (41)) were also shown to have high expression of 
MORC2 in COAD compared with paired normal tissues according to paired t-test results (P < 0.05) (Figure 1C). At the same 
time, we determined the expression of MORC2 in COAD using the UALCAN website, the results indicated that MORC2 was 
overexpressed in COAD tissues as well (P < 0.05) (Figure 1D). The quantitative real-time PCR results further verified the 
reliability of our differential analysis at the transcriptional level (Cancer-adjacent vs Cancer, P < 0.001) (Figure 1E). 
Furthermore, we downloaded the representative images from the Human Protein Atlas database to show that the expression 
level of MORC2 protein in COAD tissues was higher than normal colon tissues (Figure 1F and G).

DEGs Identification and Functional Enrichment Analysis of DEGs
Next, according to MORC2 median value, 478 COAD patients were stratified into high- and low-MORC2 expression 
groups. DEGs between the two groups were identified. Finally, a total of 519 DEGs were obtained, including 476 down- 
regulated genes and 43 up-regulated genes. Heatmaps were also used to depict representative DEGs (Figure 1H).

The potential function and pathway of MORC2-associated DEGs in COAD were predicted by performing GO and 
KEGG enrichment analysis. Key genes were mainly composed or involved in nucleosome assembly, chromatin assembly, 
nucleosome organization, chromatin assembly or disassembly, DNA packaging, nucleosome, DNA packaging complex, 
protein-DNA complex, nuclear nucleosome, nuclear chromatin, taste receptor activity, bitter taste receptor activity, 
nucleosome DNA binding, chromatin DNA binding, and nucleosome binding. The KEGG analysis revealed that the 
MORC2-associated DEGs were mainly enriched in systemic lupus erythematosus, alcoholism, taste transduction, 
olfactory transduction, and viral carcinogenesis signaling pathways (Table 2).

Correlation Between Clinical Outcomes and MORC2 Expression in Patients with 
COAD
From the TCGA database, we obtained the clinicopathological characteristics of 478 COAD patients, including age, 
gender, TNM stages, and pathological stages, as shown in Table 3. The UALCAN database was performed to further 
analyze the influence of different clinical features on MORC2. Based on the patient’s ages, weights, and histological 
subtypes, we found that different ages, weights, and histological subtypes did not affect the MORC2 expression in the 
COAD patients (Figure 2A–C). In terms of gender, we discovered that MORC2 in male patients expressed higher than 
female patients with COAD (Figure 2D). Additionally, MOCR2 expression in Caucasians seemed to be more upregulated 
than Asians (Figure 2E). Moreover, logistic regression analysis was also performed to illustrate the association between 
MORC2 and clinical characteristics. The results demonstrated that MORC2 was closely related to the clinical indicators, 
including age [odds ratio (OR) = 0.658 (0.455–0.950), P = 0.026], pathologic stages [OR = 1.670 (1.155–2.422), P = 
0.007], and N stage (R = 1.519 (1.053–2.197), P = 0.026), but significant difference was not detected in the correlation 
with gender, BMI, T stages, or M stages (Table 4).
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Figure 1 MORC2 expression in COAD tissues. (A) The comparison of MORC2 expression between tumor and pericarcinous tissue in different types of cancers based on 
TCGA database. (B) Expression of MORC2 in COAD were analyzed based on tissue samples present in the TCGA database. (C) Comparing the expression of MORC2 in 
normal tissue and primary tumor. (D) Expression of MORC2 in COAD were analyzed by using the UALCAN website. (E) Relative mRNA level of MORC2 in cancer and 
adjacent tissues of COAD. (F and G) Images of immunohistochemical staining showing MORC2 protein expression in colorectal tissue from The Human Protein Atlas. 
(H) Volcano plots of the DEGs. Blue represents down-regulated DEGs, red represents up-regulated DEGs. ns, P ≥ 0.05; *P < 0.05; ***P < 0.001. 
Abbreviations: MORC2, MORC family CW-type zinc finger 2; COAD, colon adenocarcinoma; DEGs, differentially expressed genes.
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Table 2 Details of GO and KEGG Enrichment Analyses

ONTOLOGY ID Description p.Adjust

BP GO:0006334 Nucleosome assembly 1.10e-22
BP GO:0031497 Chromatin assembly 6.05e-21

BP GO:0034728 Nucleosome organization 1.90e-19

BP GO:0006333 Chromatin assembly or disassembly 5.22e-19
BP GO:0006323 DNA packaging 1.07e-17

CC GO:0000786 Nucleosome 3.40e-41

CC GO:0044815 DNA packaging complex 8.00e-40
CC GO:0032993 Protein-DNA complex 3.31e-29

CC GO:0000788 Nuclear nucleosome 1.96e-16
CC GO:0000790 Nuclear chromatin 2.39e-10

MF GO:0008527 Taste receptor activity 3.41e-13

MF GO:0033038 Bitter taste receptor activity 6.28e-12
MF GO:0031492 Nucleosomal DNA binding 5.28e-08

MF GO:0031490 Chromatin DNA binding 2.30e-06

MF GO:0031491 Nucleosome binding 8.54e-06
KEGG hsa05322 Systemic lupus erythematosus 1.18e-31

KEGG hsa05034 Alcoholism 9.64e-25

KEGG hsa04742 Taste transduction 1.44e-11
KEGG hsa05203 Viral carcinogenesis 1.72e-06

KEGG hsa04740 Olfactory transduction 0.002

Abbreviations: GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological 
process; CC, cellular component; MF, molecular function.

Table 3 Relationship Between MORC2 Expression and Clinicopathological 
Characteristics in Patients with COAD

Characteristic Low Expression  
of MORC2

High Expression  
of MORC2

P value

n 239 239
Age, n (%) 0.032
<=65 85 (17.8%) 109 (22.8%)

>65 154 (32.2%) 130 (27.2%)
Gender, n (%) 0.521

Female 117 (24.5%) 109 (22.8%)

Male 122 (25.5%) 130 (27.2%)
BMI, n (%) 0.346

<25 29 (11.3%) 58 (22.7%)

≥25 68 (26.6%) 101 (39.5%)
Pathologic stage, n (%) 0.050

Stage I 47 (10.1%) 34 (7.3%)

Stage II 103 (22.1%) 84 (18%)
Stage III 56 (12%) 77 (16.5%)

Stage IV 30 (6.4%) 36 (7.7%)
T stage, n (%) 0.244

T1 7 (1.5%) 4 (0.8%)

T2 48 (10.1%) 35 (7.3%)
T3 157 (32.9%) 166 (34.8%)

T4 26 (5.5%) 34 (7.1%)

(Continued)
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The statistical analysis showed significant differences between the normal group and the group of 1–4 stages on the 
basis of the individual cancer stages (Figure 2F). What’s more, the MORC2 expression in different nodal metastasis 
statuses was analyzed and the N0 status was lower than the status of N1-N2 (Figure 2G). The expression of MORC2 in 

Table 3 (Continued). 

Characteristic Low Expression  
of MORC2

High Expression  
of MORC2

P value

M stage, n (%) 0.262
M0 188 (45.3%) 161 (38.8%)

M1 30 (7.2%) 36 (8.7%)

N stage, n (%) 0. 021
N0 154 (32.2%) 130 (27.2%)

N1 53 (11.1%) 55 (11.5%)

N2 32 (6.7%) 54 (11.3%)

Note: Statistically significant p values are shown in bold. 
Abbreviations: MORC2, MORC family CW-type zinc finger 2; COAD, colon adenocarcinoma.

Figure 2 Relationship between MORC2 expression and clinical indicators in patients with COAD; (A) Subgroup analysis of MORC2 expression in COAD based on patient 
age; (B) Subgroup analysis of MORC2 expression in COAD based on patient weight; (C) Subgroup analysis of MORC2 expression in COAD based on the patient gender; 
(D) Subgroup analysis of MORC2 expression in COAD based on patient race; (E) Subgroup analysis of MORC2 expression in COAD based on individual cancer stages; 
(F) Subgroup analysis of MORC2 expression in COAD based on histological subtypes; (G) Subgroup analysis of MORC2 expression in COAD based on nodal metastasis 
status; (H) Subgroup analysis of MORC2 expression in COAD based on TP53 mutation status. 
Abbreviations: MORC2, MORC family CW-type zinc finger 2; COAD, colon adenocarcinoma.
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COAD patients with a TP53 mutation was at a higher level (Figure 2H). Furthermore, the different expressions of 
MORC2 under different clinical indicators are shown in Table 5. These findings indicated that MORC2 expression was 
greatly associated with clinical characteristics.

Table 4 MORC2 Expression Correlated with Clinical Pathological Characteristics (Logistic Regression)

Characteristics Total (N) Odds Ratio (OR) P value

Age (>65 vs <=65) 478 0.658 (0.455–0.950) 0.026
Gender (Male vs Female) 478 1.144 (0.799–1.639) 0.464

BMI (≥25 vs <25) 256 0.743 (0.429–1.270) 0.282
Pathologic stage (Stage III and Stage IV vs Stage I and Stage II) 467 1.670 (1.155–2.422) 0.007
T stage (T3 and T4 vs T1 and T2) 477 1.541 (0.979–2.446) 0.063

M stage (M1 vs M0) 415 1.401 (0.827–2.388) 0.211

N stage (N1 and N2 vs N0) 478 1.519 (1.053–2.197) 0.026

Note: Statistically significant p values are shown in bold. 
Abbreviation: MORC2, MORC family CW-type zinc finger 2.

Table 5 MORC2 Expression Based on Different Clinical Indicators

Clinical 
Indicators

Number of Patients Comparison P value

Sample types 41/286 (Normal/Primary tumor) Normal-vs-Primary <1e-12
Individual cancer 

stages

45/110/80/39 (Stage 1/Stage 2/Stage 3/Stage 4) Stage 1-vs-Stage 2 4.576600e-01

Stage 1-vs-Stage 3 1.609950e-02
Stage 1-vs-Stage 4 2.252200e-01

Stage 2-vs-Stage 3 3.935600e-05
Stage 2-vs-Stage 4 2.318500e-02
Stage 3-vs-Stage 4 3.413400e-01

Patient’s race 193/55/11 (Caucasian/African American/Asian) Caucasian-vs-African American 5.814100e-02
Caucasian-vs-Asian 7.404000e-01

African American-vs-Asian 2.721000e-01

Patient’s gender 156/127 (Male/Female) Male-vs-Female 1.047990e-02
Patient’s weight 70/74/56/10 (Normal weight/Extreme weight/Obese/ 

Extreme Obese)

Normal Weight-vs-Extreme Weight 3.633000e-01

Normal Weight-vs-Obese 7.741000e-01
Normal Weight-vs-Extreme Obese 8.585400e-01

Extreme Weight-vs-Obese 6.022200e-01
Extreme Weight-vs-Extreme Obese 7.804800e-01

Obese-vs-Extreme Obese 9.880400e-01

Patient’s age 12/90/149/32 (21–40 Yrs/41-60 Yrs/61-80 Yrs/81-100 Yrs) Age (21–40Yrs)-vs-Age (41–60Yrs) 8.335000e-01
Age (21–40Yrs)-vs-Age (61–80Yrs) 9.030600e-01

Age (21–40Yrs)-vs-Age (81–100Yrs) 8.559000e-01

Age (41–60Yrs)-vs-Age (61–80Yrs) 4.635600e-01
Age (41–60Yrs)-vs-Age (81–100Yrs) 9.814400e-01

Age (61–80Yrs)-vs-Age (81–100Yrs) 6.351800e-01

Histological subtype 243/37 (Adenocarcinoma/Mucinous adenocarcinoma) Adenocarcinoma-vs-Mucinous 
adenocarcinoma

3.147000E-01

Nodal metastasis 

status

166/70/47 (N0/N1/N2) N0-vs-N1 2.035800e-02

N0-vs-N2 1.181420e-04
N1-vs-N2 1.113030e-01

TP53 mutation 
status

160/122 (Mutant/Non-Mutant) Mutant-vs-Non-Mutant 1.038390e-04

Note: Statistically significant p values are shown in bold. 
Abbreviation: MORC2, MORC family CW-type zinc finger 2.
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Predictive Value of MORC2 for COAD Diagnosis and Prognosis
The prediction of MORC2 on clinical outcomes was validated by K-M analyses, and the results showed that the high 
MORC2 group was worse than the low MORC2 group in OS [hazard ratio (HR): 1.59, P = 0.021)], DSS (HR: 1.76, P = 
0.028), and PFI (HR: 1.63, P = 0.007) (Figure 3A–C). Next, we applied different databases to explore the association 
between MORC2 expression and prognosis in COAD patients. The low MORC2 expression group was significantly 
related with longer OS by using GEPIA database (n = 135, HR = 1.7, P = 0.035) (Figure 3D). However, there was no 
statistical difference in DFS (n = 135, HR = 1.6, p = 0.053) (Figure 3E). Using UNLCAN website, we detected that the 

Figure 3 Predictive value of MORC2 expression for diagnosis and clinical outcomes in COAD patients; (A–C) OS, PFI, and DSS of patients with COAD based on MORC2 
expression determined using R packages survival and survminer; (D and E) OS and DFS of patients with COAD based on MORC2 expression determined using GEPIA; 
(F) Effect of MORC2 expression level on COAD patient survival using UALCAN database; (G and H) DFS and OS of patients with COAD based on MORC2 expression 
determined using the PrognoScan database; (I) ROC curve showed MORC2 was an accurate ability to identify tumor from normal tissue. The AUC was 0.939. 
Abbreviations: MORC2, MORC family CW-type zinc finger 2; COAD, colon adenocarcinoma; OS, overall survival; PFI, progression free interval; DSS, disease-specific 
survival; DFS, disease-free survival; ROC, receiver operating characteristic; AUC, area under the curve.
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effect of MORC2 expression level on COAD patient survival in high MORC2 was more significant than low MORC2 
(p = 0.012) (Figure 3F). Nevertheless, the correlation between MORC2 expression and prognosis was further illustrated 
using the PrognoScan database. As expected, the high expression of MORC2 was associated with shorter OS (n = 177, 
HR = 2.18, COX P = 0.033631) and DSS (n = 49, HR = 11.27, COX P = 0.021714) for patients with COAD (Figure 3G 
and H). To further explore the predictive value of MORC2 on clinical outcomes, a multivariate Cox regression analysis 
was adopted. According to the result shown in Table 6, in multivariate Cox regression, MORC2 expression was an 
independent risk factor for OS (HR = 1.591, P = 0.024). These results suggested that MORC2 expression was linked to 
the prognosis of patients with COAD, indicating a promising prognostic significance of MORC2, and these findings have 
significant research implications, and potentially therapeutic implications.

Biomarkers for tumor progression are still lacking in COAD patients. We wondered whether MORC2 could 
accurately diagnose patients with higher grades and stages COAD. The ROC curve was applied to determine the 
MORC2 value on discriminating COAD diagnosis, and MORC2 manifested great sensitivity and specificity for 
COAD diagnosis according to the area under the curve (AUC = 0.939) (Figure 3I). Results of MORC2 as a classifier 
for distinguishing normal individuals and patients with different stages or grades suggested high prediction performances 
of MORC2 for patients in each stage or grade (Figures 4A–L). The above findings indicated the potential of MORC2 to 
predict the progression of COAD at both early and late stages.

To evaluate the validity of the nomogram, we created a calibration curve and calculated the C-index using prognostic 
parameters that are routinely used in clinics. Clinical outcomes such as T stage, M stage, N stage, and MORC2 were 
included in the nomogram (C-index = 0.716) (Figure 5A). The calibration curves demonstrated the optimal prediction for 

Table 6 Univariate and Multivariate Regression Analysis of Overall Survival (OS)-Related Factors in Patients with COAD

Characteristics Total (N) Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Age 477

<=65 194 Reference

>65 283 1.610 (1.052–2.463) 0.028 2.542 (1.544–4.183) <0.001
Gender 477

Female 226 Reference

Male 251 1.101 (0.746–1.625) 0.627
Weight 273

<=90 189 Reference

>90 84 0.601 (0.292–1.238) 0.167
Pathologic stage 466

Stage I and Stage II 267 Reference

Stage III and Stage IV 199 2.947 (1.942–4.471) <0.001 4.001 (1.280–12.504) 0.017
T stage 476

T1 and T2 94 Reference

T3 and T4 382 3.072 (1.423–6.631) 0.004 3.396 (1.039–11.104) 0.043
M stage 414

M0 348 Reference

M1 66 4.193 (2.683–6.554) <0.001 2.398 (1.387–4.148) 0.002
N stage 477

N0 283 Reference

N1 and N2 194 2.592 (1.743–3.855) <0.001 0.503 (0.188–1.346) 0.171
MORC2 477

Low 239 Reference

High 238 1.591 (1.072–2.362) 0.021 1.659 (1.068–2.577) 0.024

Note: Statistically significant p values are shown in bold. 
Abbreviation: COAD, colon adenocarcinoma.
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clinical outcomes of 1, 3, and 5 years (Figure 5B–D). According to the above results, we indicated that high MORC2 
expression is related to adverse prognosis in COAD patients and it tends to be a molecular worthy of investigating.

Analysis of Alterations in MORC2 Gene
In this study, the cBioPortal database was applied to investigate the genetic alteration status in MORC2 with COAD patients. 
Alteration frequency of MORC2 in different COAD studies was validated, and amplification accounted for the majority of 

Figure 4 Analysis of the diagnostic value of MORC2 for COAD patients with different stages or grades. (A–D) ROC curve analysis of the diagnostic value of MORC2 in 
patients with COAD at T stage. (E–H) ROC curve analysis of the diagnostic value of MORC2 in patients with COAD at N and M stages. (I–L) ROC curve analysis of the 
diagnostic value of MORC2 in patients with COAD at TNM stage. 
Abbreviations: MORC2, MORC family CW-type zinc finger 2; COAD, colon adenocarcinoma; ROC, receiver operating characteristic; AUC, area under the curve; TPR, 
true-positive rate; FPR, false-positive rate.
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alteration types (Figure 6A). The proportions of amplification and deep deletion types were revealed (Figure 6B). The genetic 
alteration included amplification, deep deletion, truncating mutation, splice mutation, and missense mutation, and the 
percentage of mutation in MORC2 was 2.5% in COAD, and missense mutation was more common (Figure 6C). The details 
of all mutations in COAD are summarized. We also identified several mutation-prone loci of MORC2 among COAD patients, 
and the types of mutations were amplification and missense mutations (Figure 6D).

Relationship Between MORC2 and Immune Cell Infiltration in COAD
The relationship between MORC2 and immune cells was analyzed in COAD patients from TCGA cohort by ssGSEA 
using R package GSVA, and the results showed that MORC2 was significantly related to a wide variety of immune cell 
types including DC, NK CD56dim cells, NK cells, TCD8+ T cells, T cells, Tcm, TFH, Th17 cells. The correlation 
between MORC2 expression and various immune cells including NK CD56dim cells, NK cells, Tcm, and TFH was 

Figure 5 Construction and validation of nomograms based on MORC2 expression. (A) Shown are the nomograms constructed to establish MORC2 expression-based risk 
scoring models for 1-, 3-, and 5-year survival probability. (B–D) Calibration plots validating the efficiency of nomograms for 1-, 3-, and 5-year survival probability. 
Abbreviations: MORC2, MORC family CW-type zinc finger 2.
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positive, on the contrary, a close negative correlation between immune cells like T cells and Th17 cells and MORC2 
expression was presented (Figure 7A). In order to further explore the effect of MORC2 on immune invasion and tumor 
purity, the score of immune-infiltrating cells was assessed using the ESTIMATE algorithm. The results from ESTIMATE 
method suggested that increased MORC2 expression was associated with poorer immunological score; however, there 

Figure 6 Analysis of MORC2 genetic alterations using the cBioPortal database. (A) Alteration frequency of MORC2 in different COAD studies. (B) Fraction genome 
altered of MORC2 based on 480 COAD samples. (C) The percentage of alteration in MORC2 in COAD. (D) Mutation diagram providing information on the mutation sites, 
mutation types, and the number of cases, and the results were colored with respect to the corresponding mutation types. 
Abbreviations: MORC2, MORC family CW-type zinc finger 2; COAD, colon adenocarcinoma.
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were no statistically significant differences between MORC2 expression and stromal score or ESTIMATE score 
(Figure 7B–D).

What’s more, the possible association between MORC2 expression and levels of immune cell infiltration in COAD 
was further explored by using the TIMER database. The results from TIMER indicate a significant association between 
MORC2 and B cells (partial.cor = −0.053, P=2.89e-01), which was negatively related. And correlations with tumor 
purity (cor = 0.037, P = 4.57e-01) and the levels of CD8+ T cells (partial.cor = 0.039, P = 4.34e-0.039), CD4+ T cells 
(partial.cor = 0.41, P = 9.78e-18), macrophages (partial.cor = 022, P = 8.17e-06), neutrophils (partial.cor = 0.146, P = 

Figure 7 Correlation between expression of MORC2 and immune infiltration; (A) Correlation between expression of MORC2 and immune cells infiltration; (B) The 
association of MORC2 expression with ImmuneScore; (C) The association of MORC2 expression with ESTIMATEScore; (D) The association of MORC2 expression with 
StromalScore. ns, P ≥ 0.05; ***P < 0.001. 
Abbreviations: MORC2, MORC family CW-type zinc finger 2; COAD, colon adenocarcinoma.
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3.36e-03), and dendritic cells (partial.cor = 0.152, P = 2.30e-03) were positively related (Figure 8A–G). Furthermore, we 
used the TIMER database to investigate the relationship between immune cells infiltration and survival time in COAD 
patients. Based on the Kaplan–Meier plots generated from TIMER, we observed no significant correlations between the 
cumulative survival of COAD and various immune cells, including B cells, CD8+ T cells, CD4+ T cells, macrophages, 

Figure 8 Correlation analysis between the MORC2 expression level and immune cell infiltration in COAD using the TIMER database; (A–G) The association of MORC2 
expression with tumor purity and six types of immune cell infiltration level; (H) Relationship between immune cell abundance and cumulative survival of patients with 
COAD. 
Abbreviations: MORC2, MORC family CW-type zinc finger 2; COAD, colon adenocarcinoma; TIMER database, Tumor Immune Estimation Resource database.
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neutrophils, and dendritic cells (P > 0.05) except MORC2 (P < 0.05) (Figure 8H). These above results suggest that 
MORC2 plays a key role in immune invasion of colorectal adenocarcinoma.

Discussion
CRC is one of the most common cancers in the world, affecting more than 1 million people worldwide each year.15 More than 
90% of CRC are adenocarcinomas, which are malignant tumors that originate in the glandular epithelial cells of the colon and 
rectum.5 Many studies have shown that the 5-year survival rate of patients with early CRC was significantly higher than that of 
patients with advanced CRC; however, CRC is often diagnosed late in the clinic.16 Thus, early diagnosis is very important for 
survival and prognosis of patients with colorectal cancer. Currently, traditional colonoscopy is still the most effective way to 
diagnose CRC, but it has a high rate of patient noncompliance. As a result, it is critical to develop more effective methods for 
early detection of this disease, as well as biomarkers to diagnose CRC, assess disease severity, and predict course.17 

Biomarkers are molecular patterns that can be used to detect cancer early and tailor treatment for CRC patients.18 Despite 
numerous new biomarkers for CRC over the past decades, biomarkers that can guide early diagnosis, targeted therapy, 
prognosis, and monitoring of patients with CRC are still lacking. As such, sensitive and specific methods for early detection of 
CRC are urgently needed to improve the outcomes of patients with CRC.19,20 Immunotherapy with immunoregulatory 
antibodies has revolutionized the treatment of various solid tumors in recent years, and immune biomarkers that could predict 
tumor growth have been proposed,21 calling for biomarkers that could serve as a drug target for immunotherapy or shed light 
on immune landscape of COAD.

Human MORC2 is a member of MORC family that was recently identified as a chromatin modifier. Inhibition of MORC2 
gene transcription enhances chromatin remodeling and regulates adipogenesis in DNA damage responses, according to recent 
research.9,22,23 Furthermore, the role of MORC2 in tumor progression and its potential as a biomarker have been investigated. For 
example, MORC2 has been believed to be dormant oncogenes, whose overexpression is related to the more malignant 
pathological type and shorter OS in many cancers such as breast cancer and liver cancer.10,24 MORC protein activity is increased 
by aberrant expression and mutation, leading to genomic instability and target gene dysregulation, and eventually cancer.25–27 

MORC2 promotes malignant phenotypes of cancer cells by promoting abnormal chromatin dynamics, enhancing DNA damage 
repair, and regenerating fat, all of which are critical events in cancer cells.28 Notably, MORC2 has been implicated in breast 
cancer prognostic models.29 Its clinical diagnostic and prognostic utility in CRC, however, has never been demonstrated. 
MORC2 was discovered to have significant diagnostic and prognostic values for CRC in this investigation. This study was the 
first systematic investigation of diagnostic and prognostic value, clinical significance, mutation, and immune cell infiltration of 
MORC2 in COAD.

Firstly, we investigated MORC2 expression and the link between abnormal expression and the prognosis of patients. 
We demonstrated that the expression in tumor tissues was significantly higher than in normal tissues, especially in breast 
cancer, cervical cancer, esophageal cancer, and COAD. This result is consistent with previous studies. Besides, high 
expression of MORC2 was found in COAD tissues, which was related to shorter OS, DSS, and PFI. Additionally, we 
revealed that increased MORC2 expression was associated with advanced clinicopathological features (TNM stage and 
clinical stage), survival time, and poor prognosis. MORC2 expression was found to be an independent risk factor for OS 
in COAD patients. These findings suggested that MORC2 expression may play a key role in COAD carcinogenesis, 
which are supported by several studies. For example, high expression of MORC2 was closely linked to poor differentia
tion, deep invasion, distant metastasis, clinical stage, and low 5-year survival rate of gastric cancer, indicating that 
MORC2 may be involved in the disease’s progression and prognosis.30 MORC2 expression levels were more elevated in 
high-grade cancer tissues and associated with poor OS and unfavorable pathological conditions in breast cancer and non- 
small cell lung cancer.31 Increasing evidence suggests that MORC2 is an oncogene that interacts with histone deacetylase 
4 (HDAC4), histone deacetylase 1 (HDAC1), and EZH2 by inhibiting transcription of carbonic anhydrase IX (CAIX), 
p21Waf1/Cip1, and ArgBP2 genes, respectively, and participates in gastric cell proliferation and tumorigenesis.12,22,32 

What’s more, MORC2 was discovered to induce epithelial-to-mesenchymal transition through modulating the AKT 
signaling pathway, resulting in cholangiocarcinoma proliferation and metastasis.33 MORC2 overexpression can drive 
lung cancer growth by stimulating the recruitment of TAMs in addition to angiogenesis.34 MORC2 was found to interact 
with methyltransferase DNMT3A to promote DNA hypermethylation of NF2 and KIBRA promoters, thereby driving 
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tumorigenesis.35 More importantly, the regulatory mechanism by which MORC2 inhibits NDRG1 has been confirmed, 
suggesting that MORC2 could be a potential CRC treatment target.36 As such, MORC2 plays an important role in tumor 
progression, and may be a common prognostic biomarker for various malignancies, according to previous studies and our 
research.

Furthermore, many studies show that the earlier the tumor is detected, the higher the survival rate of CRC patients. 
Thus, the diagnosis method of early disease is very necessary.37–39 Interestingly, the value of MORC2 on discriminating 
COAD diagnosis with different stages or grades was high, according to the ROC analysis, indicating the potential of 
MORC2 to predict the progression of COAD at both early and late stages in this investigation. To evaluate the validity of 
the nomogram, we created a calibration curve and calculated the C-index using prognostic parameters that are routinely 
used in clinics. The calibration curves demonstrated the optimal prediction for clinical outcomes of 1, 3, and 5 years. In 
conclusion, our findings suggested that MORC2 might be employed as a biomarker for COAD diagnostic and prognostic 
values and could be used in COAD early screening.

We then studied genetic mutations in MORC2 to further understand the immunological properties of MORC2. Consistent 
with previous research,40 missense mutation was more common. We detected that about 2.5% of COAD patients had genetic 
alterations in MORC2 including amplification, deep deletion, truncating mutation, splice mutation, and missense mutation. It 
is reported that MORC2 mutations have been associated with Charcot–Marie–Tooth disease,26,41 neurodevelopmental 
problem,42 and cancer,27 highlighting the functional importance of MORC2 in human disorders. Liu et al reported that 
MORC2 is O-GlcNAcylated at threonine 556 by O-GlcNAc transferase (OGT). MORC2-mediated breast cancer cell 
migration and invasion in vitro and lung colonization in vivo are inhibited when this region is mutated or OGT is 
pharmacologically inhibited.43 However, the mechanism of MORC2 mutation on the progression of COAD needs to be 
further studied.

As we all known, TP53 mutations are very common among CRC mutations, TP53 plays an indispensable role in some 
important cell functions, such as cell cycle control, apoptosis, DNA repair, and so on, and is particularly important in 
maintaining the integrity of the genome.44 Studies have shown that TP53 mutations or loss of function is most common during 
the transition from adenoma to cancer, and the incidence of changes in the gene increases as the disease progresses.45 Many 
studies have linked somatic TP53 mutations or aberrant protein expression to poor prognosis or failure to respond to therapy.46 

The progression of CRC is thought to be triggered by mutations in the APC, K-Ras, and p53 genes. Furthermore, p53 
mutations are assumed to be important in the adenoma-carcinoma transition during the tumorous pathogenic process.47 

Patients with mutant p53 appear to be more chemo-resistant and had a worse prognosis than patients with wild-type p53,48 

while p53 mutations were more common in advanced-stage cancers and were adversely associated with survival.49 In our 
paper, we also found that the expression of MORC2 in COAD patients with a TP53 mutation was at a higher level and COAD 
patients with high TP53 mutations had a worse outcome, in agreement with previous investigations. The above revealed the 
indirect relationship between highly expressed MORC2 and TP53 mutation on the prognosis and survival of CRC patients, but 
the mechanism between the two needs to be further studied.

In order to explore the function of MORC2 in COAD, GO term and KEGG pathway analysis was used in this study. DEGs 
of MORC2 were largely involved in nucleosome assembly, DNA packaging, nucleosome, DNA packaging complex, taste 
receptor activity, bitter taste receptor activity, chromatin DNA binding, etc. And the signaling pathways were mainly enriched 
in systemic lupus erythematosus, alcoholism, taste transduction, olfactory transduction, and viral carcinogenesis. Further 
studies could help verify which processes and pathways of MORC2 functions through in CRC in vivo.

Equally important, using the ssGSEA database, our research discovered a link between MORC2 expression and COAD 
immune infiltration levels. The findings revealed a moderate to strong positive relationship between MORC2 expression and 
immune infiltrates, specifically NK cells, TFH cells, and NK CD56dim cells, and a negative relationship between MORC2 
expression and immune cell infiltration, Th17 cells, and dendritic cells (DCs). Moreover, the results from ESTIMATE 
algorithm indicated higher MORC2 expression was associated with lower immune score. The tumor microenvironment 
(TME) is a hot issue that has the potential to influence tumor growth and recurrence. TME immune cells have been found to 
exhibit tumor-promoting or tumor-suppressing properties. They are thought to be a crucial determinant of both clinical 
outcome and therapeutic response.50,51 Researchers have found that T cell density decreased as the tumor progressed, whereas 
B cell and TFH cell density increased as the invasive CRC progressed.52 To put these findings into practice, the Immunoscore 
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scoring system was created to define a tumor’s immune fitness so that patients could be predicted and stratified for optimal 
immunotherapy. And the fact that shorter survival is associated with a lower immunoscore has been illustrated.53 These 
findings demonstrated that MORC2 plays a major role in COAD immunological invasion, implying that MORC2 may reflect 
immune state in addition to disease prognosis. This research could provide thorough immunization data to aid in the 
development of novel immunotherapies.

However, one of the study’s limitations was that it only comprised one dataset, which was not confirmed in our own 
clinical samples. To gain a better understanding of MORC2’s direct impact on COAD, more experimental validations are 
needed to unravel the biological activities of these anticipated molecular processes in COAD. In addition, the predictive 
significance of MORC2 in COAD needs to be confirmed.

Conclusions
The data suggested that MORC2 could be a new predictive biomarker and immunotherapy target for COAD patients. MORC2 
enhances tumor development and metastasis in COAD, although the exact mechanism of action remains unclear.
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