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Abstract 

 
Caudal-type homeobox 2 (CDX2), special AT-rich sequence-

binding protein 2 (SATB2), and keratin 20 (KRT20) are frequently 

used as intestinal epithelium-specific markers in 

immunohistochemical studies. However, subsets of colorectal 

carcinomas (CRCs) show loss of these markers. We analyzed The 

Cancer Genome Atlas data to explore molecular correlates of CDX2, 

SATB2, and KRT20 genes in 390 CRCs. The decreased mRNA 

expression of each of the three genes commonly correlated with 

microsatellite instability-high (MSI-H), CpG island methylator 

phenotype-high (CIMP-H), BRAF/RNF43 mutations, consensus 

molecular subtype 1, and high tumor mutational burden. The 

downregulation of CDX2 or SATB2 was dependent on both MSI-H 

and CIMP-H, whereas that of KRT20 was more dependent on MSI-

H than on CIMP-H. Next, we evaluated the immunohistochemical 

expression of CDX2, SATB2, and KRT20 in 436 primary CRCs. In 

contrast to RNA-level expression, decreased expression of CDX2 

and SATB2 was more dependent on CIMP-H than on MSI-H. 

However, consistent with RNA-level expression, decreased 

expression of KRT20 was more dependent on MSI-H than on CIMP-

H. CIMP-H and lymphatic invasion were consistently associated with 

both CDX2 loss and SATB2 loss in CRCs, regardless of MSI status. 

Cases with concurrent loss of all three markers were found 

exclusively in MLH1-methylated MSI-H/CIMP-H CRCs. In 

conculsion, MSI-H and/or CIMP-H are major common correlates of 

decreased CDX2/SATB2/KRT20 expression in CRCs, but the specific 

features associated with the loss of each marker are different in 

CRCs. 
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Chapter 1. Introduction 
 

 

1.1. Study Background 
 

Colorectal carcinoma (CRC) is the third most common cancer in 

the USA, and it is estimated that approximately 150,000 individuals 

will be newly diagnosed with CRC in 2021[1]. Approximately 20% of 

CRC patients present with distant metastasis at the time of diagnosis 

(stage IV) [2], and 18% of non-stage IV CRC patients that undergo 

curative surgery, experience metachronous metastasis (distant 

recurrence) within 5 years after surgery [3]. In the case of 

suspected metastasis of CRC or extra-colonic adenocarcinoma of 

unknown primary, pathologic diagnosis using immunohistochemistry 

(IHC) for intestinal epithelium-specific markers is important to 

confirm whether the colorectum is the primary site of metastatic 

tumors. 

Caudal-type homeobox 2 (CDX2) and keratin 20 (KRT20, also 

known as cytokeratin 20 or CK20) are highly expressed in the lower 

gastrointestinal tract epithelium and have been frequently used as 

IHC markers for the differential diagnosis of epithelial tumors of 

lower gastrointestinal tract origin [4-8]. These proteins play critical 

roles in the normal physiologic differentiation of the intestinal 

epithelium [9-11]. Although their expression is maintained in most 

CRCs, the loss of CDX2 and/or KRT20 expression is seen in a small 

subset of CRCs and is associated with poor prognosis in CRC [12-

17]. 

In addition to CDX2 and KRT20, special AT-rich sequence-

binding protein 2 (SATB2) has been recently recognized as a 

sensitive and specific marker for CRC [18]. In particular, SATB2 IHC 

showed excellent specificity for CRC when used as a combined 

marker with KRT20 [19, 20] and can be used as a marker 

supplementary to CDX2 in the diagnosis of metastatic CRC [21]. 

Similar to CDX2 and KRT20, the loss of SATB2 expression can be 

observed in a small subset of CRCs and is associated with poor 
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survival in CRC patients [22-24]. It has been reported that loss of 

CDX2, SATB2, or KRT20 expression is molecularly associated with 

microsatellite instability-high (MSI-H) and/or CpG island 

methylator phenotype-high (CIMP-H) in CRCs [12, 16, 17, 22, 24-

27]. 

 

1.2. Purpose of Research 
 

An in-depth understanding of the features specific to CRCs lacking 

intestinal markers is critical for differential diagnosis as well as the 

identification of the site of tumor origin. Although the pathologic 

characteristics of CRCs with reduced IHC expression of intestinal 

markers have been studied before, there is a lack of investigations 

focusing on the combined genetic, epigenetic, and transcriptional 

basis of alterations of all three intestinal markers in CRC. Therefore, 

in this study, we comprehensively analyzed RNA- and protein-level 

alterations of the three intestinal markers, namely, CDX2, SATB2, 

and KRT20, and their clinicopathologic, molecular, and immunologic 

correlations in large samples of CRCs using The Cancer Genome 

Atlas (TCGA) datasets and primary CRC tissue cohorts. 
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Chapter 2. Body 
 

 

2.1 Materials and methods 
 

Tissue samples 

Formalin-fixed paraffin-embedded (FFPE) tissues of 436 

primary CRCs, including 131 MSI-H and 305 microsatellite stable 

(MSS) CRCs, were collected from the pathology archive of Seoul 

National University Hospital (SNUH), Seoul, Korea. All tissues were 

obtained from surgically resected specimens from CRC patients who 

underwent surgical treatment at SNUH between 2014 and 2018 

(MSI-H cohort) or in 2018 (MSS cohort). All 436 CRC samples were 

identified as MSI-H or MSS by fluorescence capillary 

electrophoresis-based DNA fragment analysis using five Bethesda 

microsatellite markers (BAT-25, BAT-26, D2S123, D5S346, 

D17S250) [28]. A sample was defined as MSI-H when ≥ 2 

microsatellite markers showed instability in tumor DNA compared 

with normal mucosa DNA, and as MSS when ≤ 1 marker showed 

instability in tumor DNA compared with normal mucosa DNA. 

Employing MLH1/MSH2/MSH6/PMS2 IHC, the MSI-H and MSS 

CRCs were confirmed to be DNA mismatch repair (MMR) deficient 

or proficient, respectively; the tumors that showed equivocal results 

in MMR IHC were excluded from the study. Germline DNA 

sequencing for MMR genes was not conducted. Thus, exact status of 

hereditary MSI-H CRCs of Lynch syndrome was unavailable. 

This study was approved by the Institutional Review Board of 

SNUH (IRB No. 1804-036-935). 

 

Clinicopathologic analysis 

Clinical information, including age, sex, tumor location, and 

clinical evidence of distant metastasis (cM) or tumor recurrence, was 

obtained by reviewing electronic medical records of the patients from 

which the samples were obtained. Pathologic parameters, including 

gross tumor type, tumor size, depth of invasion (pT), lymph node 
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metastasis (pN), pathologic evidence of distant metastasis (pM) or 

tumor recurrence, lymphatic/venous/perineural invasion, tumor 

differentiation, mucinous histology, signet ring cell histology, tumor 

budding, poorly differentiated clusters (PDCs), desmoplastic reaction 

(DR), and tertiary lymphoid structure (TLS) activity, were evaluated 

by gastrointestinal pathologists (J.A.L. and J.H.K.) Tumor budding 

was graded using a three-tier system (low [BD1], intermediate 

[BD2], and high [BD3]) according to the criteria suggested by the 

International Tumor Budding Consensus Conference [29]. PDC 

status was classified into one of three grades (G1, G2, and G3) 

according to Ueno’s classification [30]. DR status was histologically 

categorized into one of three patterns (mature, intermediate, and 

immature) based on the criteria suggested by Ueno et al. [31] To 

assess TLS activity, we used Ueno’s criteria (measuring the 

maximum diameter of the largest TLS with a 1-mm cutoff value) as 

previously described [32, 33]. 

 

Immunohistochemistry 

Multi-core tissue microarray (TMA) blocks of the 131 MSI-H 

CRCs and 305 MSS CRCs were constructed as previously described 

[34]. Four representative tumor areas, two of which were from the 

invasive margin (IM) area and two from the center of the tumor (CT) 

area, were selected on FFPE tissue blocks of each CRC, and TMA 

cores (2 mm in diameter) were extracted from each of the four areas. 

Therefore, each case consisted of four tumor cores. All 436 CRCs 

were analyzed by IHC using primary antibodies against CDX2 

(Ventana ERP2764Y clone, Roche, Basel, Switzerland; RTU), SATB2 

(EPNCIR130A clone, Abcam, Cambridge, UK; 1:100), KRT20 (CK20) 

(DAKO Ks20.8 clone, Agilent Technologies, Santa Clara, CA, USA; 

1:50), KRT7 (CK7) (DAKO OV-TL 12/30 clone, Agilent 

Technologies; 1:300), MLH1 (Ventana M1 clone, Roche; RTU), 

MSH2 (Ventana G219-1129 clone, Roche; RTU), MSH6 (Cell 

Marque 44 clone, MilliporeSigma, Burlington, MA, USA; 1:50), PMS2 

(Cell Marque MRQ-28 clone, MilliporeSigma; 1:50), CD3 (Confirm 

2GV6 clone, Roche; RTU), and CD8 (Confirm SP57 clone, Roche; 
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RTU). IHC was performed on TMA slides (CDX2, SATB2, KRT20, 

KRT7, MLH1, MSH2, MSH6, and PMS2) or representative whole 

tumor slides (CD3 and CD8). IHC staining was performed using 

automated immunostainers (Ventana BenchMark XT, Roche or 

Bond-III, Leica Biosystems, Wetzlar, Germany). 

 

Evaluation of CDX2, SATB2, and KRT20 IHC expression 

CDX2 and SATB2 IHC positivity was determined by nuclear 

staining, and KRT20 IHC positivity was determined by cytoplasmic 

and/or membranous staining. To estimate the quantitative expression 

of CDX2, SATB2, and KRT20 IHC in the CRCs, we determined their 

H-scores because it reflects the quantitative characteristics of IHC 

expression in tissue sections based on staining intensity(0: 

negative/1+: weak positive/2+: moderately positive/3+: strong 

positive) and the proportion (%) of positive (stained) cells. The H-

score of CDX2, SATB2, or KRT20 was calculated using the following 

formula: [1 × (percentage of 1+ cells in tumor area) + 2 × 

(percentage of 2+ cells in tumor area) + 3 × (percentage of 3+ cells 

in tumor area)] [35]. 

 

Tumor-infiltrating lymphocytes (TIL) immunoscore 

TIL in CRC tissues were quantified as previously described [34]. 

Briefly, CD3/CD8 IHC slides were scanned as digital images using an 

Aperio AT2 slide scanner (Leica Biosystems) at 20x magnification 

with a resolution of 0.5 μm per pixel. Enumeration of TIL was 

performed using the ‘positive cell detection’ program of the QuPath 

software, a validated open source software for digital pathology 

image anlysis [36, 37]. The density of CD3+ or CD8+ TIL at the IM 

or CT area was defined as the number of positive cells per IM or CT 

field area (cells/mm2) [34]. The TIL immunoscore was calculated 

using four TIL parameters, including CD3+ TIL density at the IM, 

CD3+ TIL density at the CT, CD8+ TIL density at the IM, and CD8+ 

TIL density at the CT, according to Galon’s critera [38,39]. 
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Analysis of CIMP and KRAS/BRAF mutations 

DNA analyses for determining CIMP and KRAS/BRAF mutations 

were performed using tumor DNA samples from the 131 MSI-H 

CRCs and 305 MSS CRCs, as previously described [40]. Briefly, 

CIMP status was analyzed by methylation-specific real-time PCR 

(MethyLight assay) using eight CIMP-specific promoter markers 

(MLH1, CDKN2A (p16), NEUROG1, CACNA1G, CRABP1, IGF2, 

RUNX3, and SOCS1). A tumor sample was classified as CIMP-H 

when it showed CpG island hypermethylation in five or more markers. 

Mutations in KRAS exons 2, 3, and 4 and BRAF exon 15 were 

double-tested by Sanger sequencing and peptide nucleic acid (PNA) 

clamping-mediated real-time PCR using the PNAClamp Mutation 

Detection Kit (Panagene, Daejeon, South Korea). 

 

TCGA data analysis 

Data of genomic variants, RNA expression, MSI and CIMP from 

390 CRC samples were collected from publicly available TCGA-

COAD and TCGA-READ datasets. RNA sequencing data was 

downloaded from https://gdc.cancer.gov/about-

data/publications/pancanatlas, it was log2-transformed using the 

RSEM algorithm, and the log2-transformed RSEM expression values 

were used for RNA expression analysis. The ggdensity function of 

the ggpubr R package was used to identify the distribution of mRNA 

expression values of the three intestinal marker genes (CDX2, 

SATB2, and KRT20). For analyzing the tumor mutational burden 

(TMB) and specific genetic mutations the MC3 MAF file from 

https://gdc.cancer.gov/about-data/publications/mc3-2017 was used. 

Only non-synonymous variants were included for calculating the 

TMB, and TMB was expressed as the number of non-synonymous 

mutations per megabase. Mutations in 11 genes that are known to be 

major oncogenic drivers in CRCs, including APC, TP53 KRAS, NRAS, 

BRAF, FBXW7, PIK3CA, PTEN, SMAD4, CTNNB1, and RNF43 

mutations, were selected for further analysis. To identify oncogenic 

mutations in these genes, pathogenic or likely pathogenic variants 

reported in knowledge bases such as ClinVar 
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(https://www.ncbi.nlm.nih.gov/clinvar), COSMIC 

(https://cancer.sanger.ac.uk/cosmic), OncoKB 

(https://www.oncokb.org), and Cancer Hotspots 

(https://www.cancerhotspots.org) were included, but variants 

reported as single nucleotide polymorphism in dbSNP 

(https://www.ncbi.nlm.nih.gov/snp) were excluded from our analysis. 

Consensus molecular subtype (CMS) data provided by the Colorectal 

Cancer Subtyping Consortium were also used [41]. Based on the 

expression levels of each of the three intestinal marker genes (CDX2, 

SATB2, and KRT20), the 390 TCGA CRCs were classified into the 

following three intestinal gene expression subgroups: high (higher 

than the 75th percentile), intermediate (between 25th and 75th 

percentile), and low (lower than 25th percentile). To identify the 

molecular factors associated with decreased expression of intestinal 

marker genes in CRC, the determined molecular features, including 

MSI, CIMP, CMS, TMB, and mutations in APC, TP53, KRAS, NRAS, 

BRAF, FBXW7, PIK3CA, PTEN, SMAD4, CTNNB1, and RNF43, were 

comprehensively compared between the intestinal gene expression-

high/intermediate and expression-low subgroups. 

 

Statistical analysis 

Statistical analyses in this study were performed using GraphPad 

Prism (version 9.0.0; GraphPad Software, San Diego, CA, USA) or R 

version 4.0.2 (The R Foundation for Statistical Computing, www.R-

project.org). The categorical variables between sample subgroups 

were compared using the chi-square test or Fisher’s exact test. The 

continuous variables between sample subgroups were compared 

using Student’s t-test or Mann-Whitney U test. Correlations 

between gene expression values were analyzed using Spearman's 

rank correlation coefficient test. All p-values were two-sided, and 

statistical significance was set at p < 0.05.  
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2.2 Results 
 

Molecular correlates of RNA-level expression alterations of 

intestinal markers in CRCs 

We first investigated the relationship between the three intestinal 

marker genes, namely CDX2, SATB2, and KRT20 using RNA-

sequencing data from TCGA CRCs (n=390 from TCGA-COAD and 

TCGA-READ datasets). We found significant positive correlations 

between mRNA expression levels of CDX2 and SATB2, CDX2 and 

KRT20, and SATB2 and KRT20 (Fig. 1a), and the correlation 

between CDX2 and SATB2 was the most significant (r = 0.53, p < 

0.0001; Fig. 1a).  

Because the loss of expression of intestinal markers has been 

associated with MSI and/or CIMP status in CRCs, we compared the 

distribution patterns of mRNA expression levels of the three 

intestinal marker genes between MSI-H and MSS subgroup (Fig. 1b), 

as well as in the CIMP-H than in the CIMP-L/0 subgroup (Fig. 1c). 

Interestingly, the distribution patterns of mRNA expression were 

quite similar between the MSI-H and CIMP-H subgroups (Fig. 1b, 

c). 

To better understand the impact of CIMP and MSI on the 

expression of intestinal marker genes in CRC, we classified TCGA 

CRCs into four subgroups based on combine MSI and CIMP status 

(MSI-H/CIMP-H, MSS/CIMP-H, MSI-H/CIMP-L/0, and 

MSS/CIMP-L/0). We found that CDX2 and SATB2 mRNA expression 

levels were decreased in the subgroups with either MSI-H or CIMP-

H than in the MSS/CIMP-L/0 subgroup, whereas there were no 

significant differences in gene expression between the three 

subgroups with either MSI-H or CIMP-H (Fig. 1d). In contrast, 

KRT20 expression levels were significantly lower in the MSI-H 

subgroups (MSI-H/CIMP-H and MSI-H/CIMP-L/0) than in the 

MSS subgroups (MSS/CIMP-H and MSS/CIMP-L/0) regardless of 

CIMP status (Fig. 1d). 
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Fig 1. Decreased mRNA expression of intestinal marker genes is associated 

with CIMP and MSI status in TCGA CRCs (n=390). a Correlation scatter 

plots displaying the mRNA expression levels of three intestinal marker 
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genes (CDX2, SATB2, and KRT20) in TCGA CRCs. b Distribution of mRNA 

expression levels of CDX2, SATB2, and KRT20 in MSI-H and MSS 

subgroups of TCGA CRCs. c Distribution of mRNA expression levels of 

CDX2, SATB2, and KRT20 in CIMP-H and CIMP-L/0 subgroups of TCGA 

CRCs. d comparison of mRNA expression levels of CDX2, SATB2, and 

KRT20 between four combined MSI/CIMP subgroups of TCGA CRCs (MSI-

H/CIMPH, MSS/CIMP-H, MSI-H/CIMP-L/0, and MSS/CIMP-L/0) (****,p 

< 0.0001; ***, p < 0.001; **, p < 0.01; *, p < 0.05; ns, not significant) 
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Next, to explore the major genomic alterations associated with 

the decreased expression of intestinal marker genes in CRC, TCGA 

CRCs were categorized into three subgroups, based on mRNA 

expression levels of each intestinal marker gene, as low, intermediate, 

and high, and major molecular factors were compared between the 

intestinal marker gene expression-low subgroup and the intestinal 

marker gene expression-high/intermediate subgroup. We found that 

MSI-H, CIMP-H, CMS1, BRAF mutation, APC wild-type, RNAF43 

mutation, and high TMB were commonly more enriched in the 

intestinal marker gene-low subgroups of TCGA CRCs (Fig. 2a–c). 
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Fig 2. Molecular landscape of TCGA CRCs according to intestinal marker 

gene expression status. a Comparison of major genetic and epigenetic 

factors between CDX2 expression-high/intermediate and CDX2 

expression-low subgroups of TCGA CRCs. b Comparison of major genetic 

and epigenetic factors between SATB2 expression-high/intermediate and 

SATB2 expression-low subgroups of TCGA CRCs. c Comparison of major 

genetic and epigenetic factors between KRT20 expression-

high/intermediate and KRT20 expression-low subgroups of TCGA CRCs 

(red font denotes molecular factors that are significantly different between 

the intestinal marker gene-high/intermediate and intestinal marker gene-

low subgroups (****, p < 0.0001; ***, p < 0.001; **, p < 0.01; *, p < 0.05) 
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Association of protein-level expression alterations of intestinal 

markers with MSI/CIMP status in CRCs 

We analyzed the IHC expression of CDX2, SATB2, and KRT20 

in 436 primary CRC tissues, including 305 MSS and 131 MSI-H CRCs. 

The relative frequency distribution patterns of H-scores of each 

intestinal marker IHC (Fig. 3a, b) reveal that the protein-level 

landscape in CRCs is similar to the pattern of RNA-level expression 

in TCGA CRCs (Fig. 1b, c). We found decreased IHC expression 

(lower H-scores) of each intestinal marker in MSI-H CRCs than in 

MSS CRCs (Fig. 3a), and in CIMP-H CRCs than in CIMP-L/0 CRCs 

(Fig. 3b). 

The 436 CRCs were classified into four subgroups based on 

combined MSI and CIMP status (MSI-H/CIMP-H, MSS/CIMP-H, 

MSI-H/CIMP-L/0, and MSS/CIMP-L/0). Contrary to mRNA 

expression (Fig. 1d), CDX2 and SATB2 IHC expression levels were 

significantly lower in the CIMP-H subgroups (MSI-H/CIMP-H and 

MSS/CIMP-H) than in the CIMP-L/0 subgroups (MSI-H/CIMP-L/0 

and MSS/CIMP-L/0) in CRC regardless of MSI status (Fig. 3c). In 

contrast, KRT20 IHC expression levels were significantly lower in 

the MSI-H/CIMP-H and MSI-H/CIMP-L/0 subgroups than in 

the MSS/CIMP-H and MSS/CIMP-L/0 subgroups (Fig. 3c), 

suggesting that the protein-level expression alteration of KRT20 

may be more dependent on MSI than on CIMP status in CRCs. 
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Fig. 3 Decreased expression of intestinal marker proteins is associated with 

CIMP and MSI status in primary CRC tissues (n=436). a Distribution of H-

scores of CDX2, SATB2, and KRT20 IHC expression in MSI-H and MSS 

CRCs. b Distribution of H-scores of CDX2, SATB2, and KRT20 IHC 

expression in CIMP-H and CIMP-L/0 CRCs. c Comparison of IHC 

expression levels of CDX2, SATB2, and KRT20 between four combined 

MSI/CIMP subgroups of CRCs (MSI-H/CIMP-H, MSS/CIMP-H, MSI-

H/CIMP-L/0, and MSS/CIMP-L/0). (****, p < 0.0001; ***, p < 0.001; **, p 

< 0.01; *, p < 0.05; ns, not significant) 
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Clinicopathologic, molecular, and immunologic features associated 

with the loss of intestinal marker expression in CRCs 

We defined the loss of each intestinal maker IHC expression in 

CRC tissues as an H-score<20 based on the following features: (1) 

H-scores of intestinal markers commonly showed bimodal 

distributions (Fig. 3a, b), and cases showing low-level expression of 

each intestinal marker in MSI-H and CIMP-H CRCs were commonly 

concentrated in the H-score < 20 area (Fig. 3a, b). (2) An H-score 

< 20 also represents the loss of normally distinguishable (2+) 

staining pattern in most of the tumor area (>90%). The proportion of 

cases showing loss of each intestinal marker expression in MSS and 

MSI-H CRCs is depicted in Fig. 4a. We found that CRCs with a loss 

of expression of at least one of the 

three intestinal markers were more enriched in MSI-H CRCs (57 of 

131; 43.5%) than in MSS CRCs (38 of 305; 12.5%) (Fig. 4a). 

Interestingly, tumors showing loss of expression of all three 

intestinal markers (CDX2-/SATB2-/KRT20-) were found only in 

MSI-H CRCs (Fig. 4a). 

Clinicopathologic, molecular, and immunologic features of CRCs 

with the loss of intestinal marker expression were evaluated 

separately in the MSS and MSI-H CRCs to minimize potential 

confounding effects of MSI-dependent characteristics (Fig. 4 and 

Tables 1-6). In both MSS and MSI-H CRCs, CDX2 loss was 

significantly associated with lymphatic invasion (p = 0.001 for MSS; 

p = 0.002 for MSI-H), tumor budding-high (p = 0.012 for MSS; p 

= 0.014 for MSI-H), poor differentiation (p < 0.001 for MSS; p = 

0.003 for MSI-H), and CIMP-H status (p < 0.001 for MSS and MSI-

H) (Fig. 4b and Tables1-2). Similar to CDX2 loss, SATB2 loss was 

correlated with lymphatic invasion (p = 0.001 for MSS; p = 0.005 for 

MSI-H) and CIMP-H status (p = 0.006 for MSS; p = 0.024 for MSI-

H) in both MSS and MSI-H CRCs (Fig. 4b and Tables 3, 4). 

Interestingly, SATB2 loss was significantly associated with KRAS 

mutations (p = 0.004) and a low TIL immunoscore (p = 0.015) only 

in MSS CRCs and not in MSI-H CRCs (Fig. 4b and Tables 3, 4). 

Tumors with the lowest immunoscore (I0) were predominant in 
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SATB2-loss MSS CRCs (57%) than in SATB2-positive MSS CRCs 

(21%) (Fig. 4c). The density of CD8 + TIL at the IM area of SATB2-

loss MSS CRCs was significantly lower than that of SATB2-positive 

MSS CRCs (p = 0.006) (Fig. 4c). KRT20 loss was significantly 

associated with poor differentiation in both MSS and MSI-H CRCs (p 

= 0.009 for MSS; p = 0.023 for MSI-H) (Fig. 4b and Tables 5, 6). 

Interestingly, KRT20 loss was significantly correlated with CDX2 

loss only in MSI-H CRCs and not in MSS CRCs (p < 0.001 for MSI-

H; p = 0.396 for MSS) (Fig. 4b). 
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Fig. 4 Clinicopathologic, molecular, and immunologic features of CRCs with 

loss of intestinal marker expression. a Venn diagrams of the frequencies of 

MSS and MSI-H CRCs showing loss of intestinal marker expression. Note 

the presence of cases showing concurrent loss of all the three intestinal 

markers in MSI-H CRCs. b Graphical summary of the correlations between 

the loss of each intestinal marker and major clinicopathologic and molecular 

factors in MSS and MSI-H CRCs. c Associations between SATB2 

expression status and tumor immunity in MSS CRCs Comparison of 

proportions of TIL immunoscores (I0-I4) between SATB2-loss and 

SATB2-positive MSS CRCs (left, pie charts). CD8 + TIL density at the IM 

area is significantly lower in SATB2-loss MSS CRCs than in SATB2-

positive MSS CRCs (right, box-whisker plot) 
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Table 1. Differential clinicopathologic, molecular, and immunologic 

characteristics of MSS CRCs according to CDX2 IHC expression status (n 

= 305) 

Variable  
CDX2 loss 

(n = 7) 

CDX2 

positive 

(n = 298) 

p-value 

Clinicopathologic factors 

Age Older (≥ 65 years) 3 (42.9%) 161 (54.0%) 0.708 

 
Younger (< 65 

years) 
4 (57.1%) 137 (46.0%)  

Sex Male 3 (42.9%) 174 (58.4%) 0.459 

 Female 4 (57.1%) 124 (41.6%)  

Tumor location Right-sided colon 4 (57.1%) 62 (20.8%) 0.042 

 
Left-sided 

colorectum 
3 (42.9%) 236 (79.2%)  

Gross tumor type 
Polypoid or 

fungating 
0 (0.0%) 126 (42.3%) 0.044 

 Ulceroinfiltrative 7 (100.0%) 172 (57.7%)  

Tumor size Larger (≥ 5.0 cm) 5 (71.4%) 148 (49.7%) 0.448 

 Smaller (< 5.0 cm) 2 (28.6%) 150 (50.3%)  

AJCC/UICC cancer 

stage 
Stage I/II 0 (0.0%) 134 (45.0%) 0.019 

 Stage III/IV 7 (100.0%) 164 (55.0%)  

Depth of invasion 

(pT) 

Submucosa or 

proper muscle 

(pT1/pT2) 

0 (0.0%) 46 (15.4%) 0.600 

 
Beyond the proper 

muscle (pT3/pT4) 
7 (100.0%) 252 (84.6%)  

Lymph node 

metastasis (pN) 
Absent (pN0) 0 (0%) 142 (47.7%) 0.016 

 Present (pN1/pN2) 7 (100%) 156 (52.3%)  

Distant metastasis 

(pM or cM) Absent (M0) 4 (57.1%) 241 (80.9%) 0.140 

 Present (M1) 5 (42.9%) 57 (19.1%)  

Early recurrencea Absent 6 (85.7%) 267 (89.9%) 0.533 

 Present 1 (14.3%) 30 (10.1%)  

Lymphatic invasion Absent 0 (0%) 192 (64.4%) 0.001 

 Present 7 (100%) 106 (35.6%)  
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Venous invasion Absent 5 (71.4%) 231 (77.5%) 0.658 

 Present 2 (28.6%) 67 (22.5%)  

Perineural invasion Absent 0 (0.0%) 135 (45.3%) 0.019 

 Present 7 (100.0%) 163 (54.7%)  

Tumor differentiation 
Well to moderately 

differentiated 
1 (14.3%) 283 (95%) < 0.001 

 Poorly differentiated 6 (85.7%) 15 (5%)  

Mucinous histology 
Non-mucinous (< 

50%) 
7 (100.0%) 288 (96.6%) 1.000 

 Mucinous (≥ 50%) 0 (0.0%) 10 (3.4%)  

Signet ring cell 

histology 
Absent 7 (100.0%) 291 (98.0%) 1.000 

 Present (≥ 5%) 0 (0.0%) 6 (2.0%)  

Tumor budding Low or intermediate 1 (14.3%) 189 (63.6%) 0.012 

 High 6 (85.7%) 108 (36.4%)  

Poorly differentiated 

clusters 
G1 or G2 1 (14.3%) 137 (46.1%) 0.132 

 G3 6 (85.7%) 160 (53.9%)  

Desmoplastic reaction 
Mature or 

intermediate 
7 (100.0%) 263 (88.6%) 1.000 

 Immature 0 (0.0%) 34 (11.44%)  

Molecular factors 

CIMP CIMP-H 5 (71.4%) 13 (4.4%) < 0.001 

 CIMP-L/0 2 (28.6%) 285 (95.6%)  

MLH1 promoter 

methylation 
Methylated 0 (0.0%) 3 (1.0%) 1.000 

 Unmethylated 7 (100.0%) 295 (99.0%)  

CACNA1G promoter 

methylation 
Methylated 5 (71.4%) 18 (6.0%) <0.001 

 Unmethylated 2 (28.6%) 280 (94.0%)  

SOCS1 promoter 

methylation 
Methylated 1 (14.3%) 7 (2.3%) 0.171 

 Unmethylated 6 (85.7%) 291 (97.7%)  

CRABP1 promoter 

methylation 
Methylated 6 (85.7%) 66 (22.1%) 0.001 

 Unmethylated 1 (14.3%) 232 (77.9%)  
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RUNX3 promoter 

methylation 
Methylated 4 (57.1%) 17 (5.7%) 0.001 

 Unmethylated 3 (42.9%) 281 (94.3%)  

IGF2 promoter 

methylation 
Methylated 5 (71.4%) 20 (6.7%) <0.001 

 Unmethylated 2 (28.6%) 278 (93.3%)  

CDKN2A promoter 

methylation 
Methylated 5 (71.4%) 48 (16.1%) 0.002 

 Unmethylated 2 (28.6%) 250 (83.9%)  

NEUROG1 promoter 

methylation 
Methylated 5 (71.4%) 66 (22.1%) 0.009 

 Unmethylated 2 (28.6%) 232 (77.9%)  

KRAS mutationb Absent 5 (71.4%) 173 (58.2%) 0.704 

 Present 2 (28.6%) 124 (41.8%)  

BRAF mutation Absent 3 (42.9%) 297 (99.7%) < 0.001 

 Present 4 (57.1%) 1 (0.3%)  

SATB2 expression Loss 1 (14.3%) 13 (4.4%) 0.283 

 Positive 6 (85.7%) 285 (95.6%)  

KRT20 expression Loss 1 (14.3%) 20 (6.7%) 0.396 

 Positive 6 (85.7%) 278 (93.3%)  

Immunologic factors 

TIL immunoscore 
Intermediate to high 

(IS-2/3/4) 
4 (57.1%) 178 (59.7%) 1 

 Low (IS-0/1) 3 (42.9%) 120 (40.3%)  

TLS activity 

Active (maximum 

diameter of LAs ≥ 1 

mm) 

2 (28.6%) 68 (22.8%) 0.662 

 

Inactive (maximum 

diameter of LAs < 1 

mm) 

5 (71.4%) 230 (77.2%)  

Abbreviations: MSS, microsatellite stable; CRCs, colorectal carcinomas; 

AJCC/UICC, American Joint Committee on Cancer/Union for International 

Cancer Control; CIMP, CpG island methylator phenotype; CIMP-H, CIMP-

high; CIMP-L/0, CIMP-low or negative; TIL, tumor-infiltrating lymphocyte; 

IS, immunoscore; TLS, tertiary lymphoid structure; LAs, lymphoid 

aggregates. 
aEarly recurrence was defined as tumor recurrence within two years after 
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curative surgery. 
bOne case was excluded from the KRAS mutation analysis results due to 

insufficient quantity of isolated DNA sample. 

 

Table 2. Differential clinicopathologic, molecular, and immunologic 

characteristics of MSI-H CRCs according to CDX2 IHC expression 

status (n = 131) 

Variable  
CDX2 loss 

(n = 18) 

CDX2 

positive 

(n = 113) 

p-value 

Clinicopathologic factors 

Age Older (≥ 64 years) 15 (83.3%) 61 (54.0%) 0.019 

 
Younger (< 64 

years) 
3 (16.7%) 52 (46.0%)  

Sex Male 7 (38.9%) 57 (50.4%) 0.362 

 Female 11 (61.1%) 56 (49.6%)  

Tumor location Right-sided colon 15 (83.3%) 86 (76.1%) 0.763 

 
Left-sided 

colorectum 
3 (16.7%) 27 (23.9%)  

Gross tumor type 
Polypoid or 

fungating 
8 (44.4%) 68 (60.2%) 0.209 

 Ulceroinfiltrative 10 (55.6%) 45 (39.8%)  

Tumor size Larger (≥ 6.4 cm) 6 (33.3%) 68 (60.2%) 0.033 

 Smaller (< 6.4 cm) 12 (66.7%) 45 (39.8%)  

AJCC/UICC cancer 

stage 
Stage I/II 10 (55.6%) 82 (72.6%) 0.143 

 Stage III/IV 8 (44.4%) 31 (27.4%)  

Depth of invasion 

(pT) 

Submucosa or 

proper muscle 

(pT1/pT2) 

0 (0.0%) 17 (15.0%) 0.078 

 
Beyond the proper 

muscle (pT3/pT4) 
18 (100.0%) 96 (85.0%)  

Lymph node 

metastasis (pN) 
Absent (pN0) 10 (55.6%) 85 (75.2%) 0.094 

 Present (pN1/pN2) 8 (44.4%) 28 (24.8%)  

Distant metastasis 

(pM or cM) Absent (M0) 17 (94.4%) 104 (92.0%) 1.000 

 Present (M1) 1 (5.6%) 9 (8.0%)  

Early recurrence Absent 17 (94.4%) 104 (92.0%) 1.000 
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 Present 1 (5.6%) 9 (8.0%)  

Lymphatic invasion Absent 7 (38.9%) 84 (74.3%) 0.002 

 Present 11 (61.1%) 29 (25.7%)  

Venous invasion Absent 16 (87.0%) 98 (86.7%) 0.796 

 Present 2 (13.0%) 15 (13.3%)  

Perineural invasion Absent 12 (66.7%) 85 (75.2%) 0.563 

 Present 6 (33.3%) 28 (24.8%)  

Tumor differentiation 
Well to moderately 

differentiated 
6 (33.3%) 79 (69.9%) 0.003 

 Poorly differentiated 12 (66.7%) 34 (30.1%)  

Mucinous histology 
Non-mucinous (< 

50%) 
16 (88.9%) 80 (70.8%) 0.152 

 Mucinous (≥ 50%) 2 (11.1%) 33 (29.2%)  

Signet ring cell 

histology 
Absent 17 (94.4%) 95 (84.1%) 0.469 

 Present  1 (5.6%) 18 (15.9%)  

Tumor budding Low or intermediate 9 (50%) 86 (76.1%) 0.043 

 High 9 (50%) 27 (23.9%)  

Poorly differentiated 

clusters 
G1 or G2 5 (27.8%) 67 (59.3%) 0.020 

 G3 13 (72.2%) 46 (40.7%)  

Desmoplastic reaction 
Mature or 

intermediate 
16 (88.9%) 108 (95.6%) 0.246 

 Immature 2 (11.1%) 5 (4.4%)  

Molecular factors 

CIMP CIMP-H 14 (77.8%) 31 (27.4%) < 0.001 

 CIMP-L/0 4 (22.2%) 82 (72.6%)  

MLH1 promoter 

methylation 
Methylated 15 (83.3%) 43 (38.1%) 0.001 

 Unmethylated 3 (16.7%) 70 (61.9%)  

CACNA1G promoter 

methylation 
Methylated 13 (72.2%) 33 (29.2%) 0.001 

 Unmethylated 5 (27.8%) 80 (70.8%)  

SOCS1 promoter 

methylation 
Methylated 6 (33.3%) 37 (32.7%) 0.961 
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 Unmethylated 12 (66.7%) 76 (67.3%)  

CRABP1 promoter 

methylation 
Methylated 16 (88.9%) 60 (53.1%) 0.004 

 Unmethylated 2 (11.1%) 53 (46.9%)  

RUNX3 promoter 

methylation 
Methylated 8 (44.4%) 30 (26.5%) 0.120 

 Unmethylated 10 (55.6%) 83 (73.5%)  

IGF2 promoter 

methylation 
Methylated 13 (72.2%) 27 (23.9%) < 0.001 

 Unmethylated 5 (27.8%) 86 (76.1%)  

CDKN2A promoter 

methylation 
Methylated 13 (72.2%) 37 (32.7%) 0.001 

 Unmethylated 5 (27.8%) 76 (67.3%)  

NEUROG1 promoter 

methylation 
Methylated 15 (83.3%) 36 (31.9%) < 0.001 

 Unmethylated 3 (16.7%) 77 (68.1%)  

KRAS mutation Absent 16 (88.9%) 70 (61.9%) 0.025 

 Present 2 (11.1%) 43 (38.1%)  

BRAF mutationa Absent 15 (83.3%) 101 (91%) 0.391 

 Present 3 (16.7%) 10 (9%)  

SATB2 expression Loss 7 (38.9%) 17 (15%) 0.023 

 Positive 11 (61.1%) 96 (85%)  

KRT20 expression Loss 12 (66.7%) 26 (23%) < 0.001 

 Positive 6 (33.3%) 87 (77%)  

Immunologic factors 

TIL immunoscoreb Intermediate to high 

(IS-2/3/4) 
11 (61.1%) 61 (56.5%) 0.713 

 Low (IS-0/1) 7 (38.9%) 47 (43.5%)  

TLS activity 

Active (maximum 

diameter of LAs ≥ 1 

mm) 

10 (55.6%) 60 (53.1%) 0.846 

 

Inactive (maximum 

diameter of LAs < 1 

mm) 

8 (44.4%) 53 (46.9%)  

aTwo cases were excluded from the BRAF mutation analysis results due to 

suboptimal quality or quantity of isolated DNA samples. 
bFive cases were excluded from the TIL immunoscore results due to 
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suboptimal quality of immunohistochemistry slides. 

 

Table 3. Differential clinicopathologic, molecular, and immunologic 

characteristics of MSS CRCs according to SATB2 IHC expression status (n 

= 305) 

Variable  
SATB2 loss 

(n = 14) 

SATB2 

positive (n = 

291) 

p-value 

Clinicopathologic factors 

Age Older (≥ 65 years) 8 (57.1%) 156 (53.6%) 0.796 

 
Younger (< 65 

years) 
6 (42.9%) 135 (46.4%)  

Sex Male 7 (50.0%) 170 (58.4%) 0.533 

 Female 7 (50.0%) 121 (41.6%)  

Tumor location Right-sided colon 8 (57.1%) 58 (19.9%) 0.003 

 
Left-sided 

colorectum 
6 (42.9%) 233 (80.1%)  

Gross tumor type 
Polypoid or 

fungating 
5 (35.7%) 121 (41.6%) 0.663 

 Ulceroinfiltrative 9 (64.3%) 170 (58.4%)  

Tumor size Larger (≥ 5.0 cm) 5 (35.7%) 148 (50.9%) 0.268 

 Smaller (< 5.0 cm) 9 (64.3%) 143 (49.1%)  

AJCC/UICC cancer 

stage 
Stage I/II 2 (14.3%) 132 (45.4%) 0.022 

 Stage III/IV 12 (85.7%) 159 (54.6%)  

Depth of invasion 

(pT) 

Submucosa or 

proper muscle 

(pT1/pT2) 

0 (0.0%) 46 (15.8%) 0.106 

 
Beyond the proper 

muscle (pT3/pT4) 
14 (100.0%) 245 (84.2%)  

Lymph node 

metastasis (pN) 
Absent (pN0) 2 (14.3%) 140 (48.1%) 0.013 

 Present (pN1/pN2) 12 (85.7%) 151 (51.9%)  

Distant metastasis 

(pM or cM) Absent (M0) 7 (50.0%) 238 (81.8%) 0.009 

 Present (M1) 7 (50.0%) 53 (18.2%)  

Early recurrence Absent 11 (78.6%) 262 (90.3%) 0.161 

 Present 3 (21.4%) 28 (9.7%)  
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Lymphatic invasion Absent 3 (21.4%) 189 (64.9%) 0.001 

 Present 11 (78.6%) 102 (35.1%)  

Venous invasion Absent 10 (71.4%) 226 (77.7%) 0.528 

 Present 4 (28.6%) 65 (22.3%)  

Perineural invasion Absent 3 (21.4%) 132 (45.4%) 0.078 

 Present 11 (78.6%) 159 (54.6%)  

Tumor differentiation 
Well to moderately 

differentiated 
11 (78.6%) 273 (93.8%) 0.028 

 Poorly differentiated 3 (21.4%) 18 (6.2%)  

Mucinous histology 
Non-mucinous (< 

50%) 
14 (100.0%) 280 (96.6%) 1.000 

 Mucinous (≥ 50%) 0 (0.0%) 10 (3.4%)  

Signet ring cell 

histology 
Absent 14 (100.0%) 284 (97.9%) 1.000 

 Present (≥ 5%) 0 (0.0%) 6 (2.1%)  

Tumor budding Low or intermediate 1 (7.1%) 189 (65.2%) < 0.001 

 High 13 (92.9%) 101 (34.8%)  

Poorly differentiated 

clusters 
G1 or G2 1 (7.1%) 137 (47.2%) 0.003 

 G3 13 (92.9%) 153 (52.8%)  

Desmoplastic reaction 
Mature or 

intermediate 
11 (78.6%) 259 (89.3%) 0.197 

 Immature 3 (21.4%) 31 (10.7%)  

Molecular factors 

CIMP CIMP-H 4 (28.6%) 14 (4.8%) 0.006 

 CIMP-L/0 10 (71.4%) 277 (95.2%)  

MLH1 promoter 

methylation 
Methylated 0 (0.0%) 3 (1.0%) 1.000 

 Unmethylated 14 (100.0%) 288 (99.0%)  

CACNA1G promoter 

methylation 
Methylated 5 (35.7%) 18 (6.2%) 0.002 

 Unmethylated 9 (64.3%) 273 (93.8%)  

SOCS1 promoter 

methylation 
Methylated 1 (7.1%) 7 (2.4%) 0.316 

 Unmethylated 13 (92.9%) 284 (97.6%)  
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CRABP1 promoter 

methylation 
Methylated 8 (57.1%) 64 (22.0%) 0.006 

 Unmethylated 6 (42.9%) 227 (78.0%)  

RUNX3 promoter 

methylation 
Methylated 2 (14.3%) 19 (6.5%) 0.249 

 Unmethylated 12 (85.7%) 272 (93.5%)  

IGF2 promoter 

methylation 
Methylated 6 (42.9%) 19 (6.5%) <0.001 

 Unmethylated 8 (57.1%) 272 (93.5%)  

CDKN2A promoter 

methylation 
Methylated 6 (42.9%) 47 (16.2%) 0.020 

 Unmethylated 8 (57.1%) 244 (83.8%)  

NEUROG1 promoter 

methylation 
Methylated 6 (42.9%) 65 (22.3%) 0.101 

 Unmethylated 8 (57.1%) 226 (77.7%)  

KRAS mutationa Absent 3 (21.4%) 175 (60.3%) 0.004 

 Present 11 (78.6%) 115 (39.7%)  

BRAF mutation Absent 14 (100%) 286 (98.3%) 1 

 Present 0 (0%) 5 (1.7%)  

CDX2 expression Loss 1 (7.1%) 6 (2.1%) 0.283 

 Positive 13 (92.9%) 285 (97.9%)  

KRT20 expression Loss 2 (14.3%) 19 (6.5%) 0.249 

 Positive 12 (85.7%) 272 (93.5%)  

Immunologic factors 

TIL immunoscore 
Intermediate to high 

(IS-2/3/4) 
4 (28.6%) 178 (61.2%) 0.015 

 Low (IS-0/1) 10 (71.4%) 113 (38.8%)  

TLS activity 

Active (maximum 

diameter of LAs ≥ 1 

mm) 

1 (7.1%) 69 (23.7%) 0.203 

 

Inactive (maximum 

diameter of LAs < 1 

mm) 

13 (92.9%) 222 (76.3%)  

aOne case was excluded from the KRAS mutation analysis results due to 

insufficient quantity of isolated DNA sample. 
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Table 4. Differential clinicopathologic, molecular, and immunologic 

characteristics of MSI-H CRCs according to SATB2 IHC expression status 

(n = 131) 

Variable  
SATB2 loss 

(n = 24) 

SATB2 

positive (n = 

107) 

p-value 

Clinicopathologic factors 

Age Older (≥ 64 years) 16 (66.7%) 60 (56.1%) 0.342 

 
Younger (< 64 

years) 
8 (33.3%) 47 (43.9%)  

Sex Male 12 (50.0%) 52 (48.6%) 0.901 

 Female 12 (50.0%) 55 (51.4%)  

Tumor location Right-sided colon 19 (79.2%) 82 (76.6%) 0.79 

 
Left-sided 

colorectum 
5 (20.8%) 25 (23.4%)  

Gross tumor type 
Polypoid or 

fungating 
13 (54.2%) 63 (58.9%) 0.673 

 Ulceroinfiltrative 11 (45.8%) 44 (41.1%)  

Tumor size Larger (≥ 6.4 cm) 13 (54.2%) 44 (41.1%) 0.244 

 Smaller (< 6.4 cm) 11 (45.8%) 63 (58.9%)  

AJCC/UICC cancer 

stage 
Stage I/II 15 (62.5%) 77 (72.0%) 0.360 

 Stage III/IV 9 (37.5%) 30 (28.0%)  

Depth of invasion 

(pT) 

Submucosa or 

proper muscle 

(pT1/pT2) 

0 (0.0%) 17 (15.9%) 0.041 

 
Beyond the proper 

muscle (pT3/pT4) 
24 (100.0%) 90 (84.1%)  

Lymph node 

metastasis (pN) 
Absent (pN0) 16 (66.7%) 79 (73.8%) 0.477 

 Present (pN1/pN2) 8 (33.3%) 28 (26.2%)  

Distant metastasis 

(pM or cM) Absent (M0) 22 (91.7%) 99 (92.5%) 1.000 

 Present (M1) 2 (18.3%) 8 (7.5%)  

Early recurrence Absent 20 (83.3%) 101 (94.4%) 0.085 

 Present 4 (16.7%) 6 (5.6%)  

Lymphatic invasion Absent 11 (45.8%) 80 (74.8%) 0.005 

 Present 13 (54.2%) 27 (25.2%)  
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Venous invasion Absent 21 (87.5%) 93 (86.9%) 1.000 

 Present 3 (12.5%) 14 (13.1%)  

Perineural invasion Absent 16 (66.7%) 81 (75.7%) 0.362 

 Present 8 (33.3%) 26 (24.3%)  

Tumor differentiation 
Well to moderately 

differentiated 
12 (50%) 73 (68.2%) 0.091 

 Poorly differentiated 12 (50%) 34 (31.8%)  

Mucinous histology 
Non-mucinous (< 

50%) 
17 (70.8%) 79 (73.8%) 0.764 

 Mucinous (≥ 50%) 7 (29.2%) 28 (26.2%)  

Signet ring cell 

histology 
Absent 16 (66.7%) 96 (89.7%) 0.004 

 Present  8 (33.3%) 11 (10.3%)  

Tumor budding Low or intermediate 15 (62.5%) 80 (74.8%) 0.224 

 High 9 (37.5%) 27 (25.2%)  

Poorly differentiated 

clusters 
G1 or G2 11 (45.8%) 61 (57.0%) 0.320 

 G3 13 (54.2%) 46 (43.0%)  

Desmoplastic reaction 
Mature or 

intermediate 
21 (87.5%) 103 (96.3%) 0.115 

 Immature 3 (12.5%) 4 (3.7%)  

Molecular factors 

CIMP CIMP-H 13 (54.2%) 32 (29.9%) 0.024 

 CIMP-L/0 11 (45.8%) 75 (70.1%)  

MLH1 promoter 

methylation 
Methylated 12 (50.0%) 46 (43.0%) 0.532 

 Unmethylated 12 (50.0%) 61 (57.0%)  

CACNA1G promoter 

methylation 
Methylated 13 (54.2%) 33 (30.8%) 0.030 

 Unmethylated 11 (45.8%) 74 (69.2%)  

SOCS1 promoter 

methylation 
Methylated 7 (29.2%) 36 (33.6%) 0.673 

 Unmethylated 17 (70.8%) 71 (66.4%)  

CRABP1 promoter 

methylation 
Methylated 17 (70.8%) 59 (55.1%) 0.159 

 Unmethylated 7 (29.2%) 48 (44.9%)  
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RUNX3 promoter 

methylation 
Methylated 11 (45.8%) 27 (25.2%) 0.044 

 Unmethylated 13 (54.2%) 80 (74.8%)  

IGF2 promoter 

methylation 
Methylated 12 (50.0%) 28 (26.2%) 0.022 

 Unmethylated 12 (50.0%) 79 (73.8%)  

CDKN2A promoter 

methylation 
Methylated 11 (45.8%) 39 (36.4%) 0.392 

 Unmethylated 13 (54.2%) 68 (63.6%)  

NEUROG1 promoter 

methylation 
Methylated 15 (62.5%) 36 (33.6%) 0.009 

 Unmethylated 9 (37.5%) 71 (66.4%)  

KRAS mutation Absent 19 (79.2%) 67 (62.6%) 0.123 

 Present 5 (20.8%) 40 (37.4%)  

BRAF mutationa Absent 19 (82.6%) 97 (91.5%) 0.247 

 Present 4 (17.4%) 9 (8.5%)  

CDX2 expression Loss 8 (33.3%) 11 (10.3%) 0.008 

 Positive 16 (66.7%) 96 (89.7%)  

KRT20 expression Loss 10 (41.7%) 28 (26.2%) 0.131 

 Positive 14 (58.3%) 79 (73.8%)  

Immunologic factors 

TIL immunoscoreb Intermediate to high 

(IS-2/3/4) 
13 (56.5%) 59 (57.3%) 0.947 

 Low (IS-0/1) 10 (43.5%) 44 (42.7%)  

TLS activity 

Active (maximum 

diameter of LAs ≥ 1 

mm) 

14 (58.3%) 56 (52.3%) 0.595 

 

Inactive (maximum 

diameter of LAs < 1 

mm) 

10 (41.7%) 51 (47.7%)  

aTwo cases were excluded from the BRAF mutation analysis results due to 

suboptimal quality or quantity of isolated DNA samples. 
bFive cases were excluded from the TIL immunoscore results due to 

suboptimal quality of immunohistochemistry slides. 
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Table 5. Differential clinicopathologic, molecular, and immunologic 

characteristics of MSS CRCs according to KRT20 IHC expression status (n 

= 305) 

Variable  
KRT20 loss 

(n = 21) 

KRT20 

positive (n = 

284) 

p-value 

Clinicopathologic factors 

Age Older (≥ 65 years) 11 (52.4%) 153 (53.9%) 0.895 

 
Younger (< 65 

years) 
10 (47.6%) 131 (46.1%)  

Sex Male 10 (47.6%) 167 (58.8%) 0.316 

 Female 11 (52.4%) 117 (41.2%)  

Tumor location Right-sided colon 9 (42.9%) 57 (20.1%) 0.025 

 
Left-sided 

colorectum 
12 (57.1%) 227 (79.9%)  

Gross tumor type 
Polypoid or 

fungating 
9 (42.9%) 117 (41.2%) 0.881 

 Ulceroinfiltrative 12 (57.1%) 167 (58.8%)  

Tumor size Larger (≥ 5.0 cm) 17 (81.0%) 136 (47.9%) 0.003 

 Smaller (< 5.0 cm) 4 (19.0%) 148 (52.1%)  

AJCC/UICC cancer 

stage 
Stage I/II 10 (47.6%) 124 (43.7%) 0.724 

 Stage III/IV 11 (52.4%) 160 (56.3%)  

Depth of invasion 

(pT) 

Submucosa or 

proper muscle 

(pT1/pT2) 

2 (9.5%) 44 (15.5%) 0.751 

 
Beyond the proper 

muscle (pT3/pT4) 
19 (90.5%) 240 (84.5%)  

Lymph node 

metastasis (pN) 
Absent (pN0) 10 (47.6%) 132 (46.5%) 0.919 

 Present (pN1/pN2) 11 (52.4%) 152 (53.5%)  

Distant metastasis 

(pM or cM) Absent (M0) 17 (81.0%) 228 (80.3%) 1.000 

 Present (M1) 4 (19.0%) 56 (19.7%)  

Early recurrence Absent 17 (85.0%) 256 (90.1%) 0.442 

 Present 3 (15.0%) 28 (9.9%)  

Lymphatic invasion Absent 12 (57.1%) 180 (63.4%) 0.568 

 Present 9 (42.9%) 104 (36.6%)  
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Venous invasion Absent 16 (76.2%) 220 (77.5%) 1.000 

 Present 5 (23.8%) 64 (22.5%)  

Perineural invasion Absent 14 (66.7%) 121 (42.6%) 0.032 

 Present 7 (33.3%) 163 (57.4%)  

Tumor differentiation 
Well to moderately 

differentiated 
16 (76.2%) 268 (94.4%) 0.009 

 Poorly differentiated 5 (23.8%) 16 (5.6%)  

Mucinous histology 
Non-mucinous (< 

50%) 
20 (95.2%) 275 (96.8%) 0.515 

 Mucinous (≥ 50%) 1 (4.8%) 9 (3.2%)  

Signet ring cell 

histology 
Absent 21 (100.0%) 277 (97.9%) 1.000 

 Present  0 (0.0%) 6 (2.1%)  

Tumor budding Low or intermediate 12 (57.1%) 178 (62.9%) 0.599 

 High 9 (42.9%) 105 (37.1%)  

Poorly differentiated 

clusters 
G1 or G2 8 (38.1%) 130 (45.9%) 0.486 

 G3 13 (61.9%) 153 (54.1%)  

Desmoplastic reaction 
Mature or 

intermediate 
20 (95.2%) 250 (88.3%) 0.488 

 Immature 1 (4.8%) 33 (11.7%)  

Molecular factors 

CIMP CIMP-H 3 (14.3%) 15 (5.3%) 0.091 

 CIMP-L/0 18 (85.7%) 269 (94.7%)  

MLH1 promoter 

methylation 
Methylated 1 (4.8%) 2 (0.7%) 0.193 

 Unmethylated 20 (95.2%) 282 (99.3%)  

CACNA1G promoter 

methylation 
Methylated 3 (14.3%) 20 (7.0%) 0.203 

 Unmethylated 18 (85.7%) 264 (93.0%)  

SOCS1 promoter 

methylation 
Methylated 0 (0.0%) 8 (2.8%) 1.000 

 Unmethylated 21 (100.0%) 276 (97.2%)  

CRABP1 promoter 

methylation 
Methylated 11 (52.4%) 61 (21.5%) 0.003 

 Unmethylated 10 (47.6%) 223 (78.5%)  
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RUNX3 promoter 

methylation 
Methylated 6 (28.6%) 15 (5.3%) 0.001 

 Unmethylated 15 (71.4%) 269 (94.7%)  

IGF2 promoter 

methylation 
Methylated 5 (23.8%) 20 (7.0%) 0.020 

 Unmethylated 16 (76.2%) 264 (93.0%)  

CDKN2A promoter 

methylation 
Methylated 7 (33.3%) 46 (16.2%) 0.067 

 Unmethylated 14 (66.7%) 238 (83.8%)  

NEUROG1 promoter 

methylation 
Methylated 5 (23.8%) 66 (23.2%) 1.000 

 Unmethylated 16 (76.2%) 218 (76.8%)  

KRAS mutationa Absent 10 (47.6%) 168 (59.4%) 0.292 

 Present 11 (52.4%) 115 (40.6%)  

BRAF mutation Absent 20 (95.2%) 280 (98.6%) 0.302 

 Present 1 (4.8%) 4 (1.4%)  

CDX2 expression Loss 1 (4.8%) 6 (2.1%) 0.396 

 Positive 20 (95.2%) 278 (97.9%)  

SATB2 expression Loss 2 (9.5%) 12 (4.2%) 0.249 

 Positive 19 (90.5%) 272 (95.8%)  

Immunologic factors 

TIL immunoscore 
Intermediate to high 

(IS-2/3/4) 
14 (66.7%) 168 (59.2%) 0.498 

 Low (IS-0/1) 7 (33.3%) 116 (40.8%)  

TLS activity 

Active (maximum 

diameter of LAs ≥ 1 

mm) 

8 (38.1%) 62 (21.8%) 0.197 

 

Inactive (maximum 

diameter of LAs < 1 

mm) 

13 (61.9%) 222 (78.2%)  

aOne case was excluded from the KRAS mutation analysis results due to 

insufficient quantity of isolated DNA samples. 
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Table 6. Differential clinicopathologic, molecular, and immunologic 

characteristics of MSI-H CRCs according to KRT20 IHC expression status 

(n = 131) 

 

Variable  
KRT20 loss 

(n = 38) 

KRT20 

positive (n = 

93) 

p-value 

Clinicopathologic factors 

Age Older (≥ 64 years) 26 (68.4%) 50 (53.8%) 0.123 

 
Younger (< 64 

years) 
12 (31.6%) 43 (46.2%)  

Sex Male 16 (42.1%) 48 (51.6%) 0.323 

 Female 22 (57.9%) 45 (48.4%)  

Tumor location Right-sided colon 30 (78.9%) 71 (76.3%) 0.748 

 
Left-sided 

colorectum 
8 (21.1%) 22 (23.7%)  

Gross tumor type 
Polypoid or 

fungating 
17 (44.7%) 59 (63.4%) 0.049 

 Ulceroinfiltrative 21 (55.3%) 34 (36.6%)  

Tumor size Larger (≥ 6.4 cm) 18 (47.4%) 39 (41.9%) 0.569 

 Smaller (< 6.4 cm) 20 (52.6%) 54 (58.1%)  

AJCC/UICC cancer 

stage 
Stage I/II 22 (57.9%) 70 (75.3%) 0.048 

 Stage III/IV 16 (42.1%) 23 (24.7%)  

Depth of invasion 

(pT) 

Submucosa or 

proper muscle 

(pT1/pT2) 

1 (2.6%) 16 (17.2%) 0.023 

 
Beyond the proper 

muscle (pT3/pT4) 
37 (97.4%) 77 (82.8%)  

Lymph node 

metastasis (pN) 
Absent (pN0) 24 (63.2%) 71 (76.3%) 0.125 

 Present (pN1/pN2) 14 (36.8%) 22 (23.7%)  

Distant metastasis 

(pM or cM) Absent (M0) 34 (89.5%) 87 (93.5%) 0.475 

 Present (M1) 4 (10.5%) 6 (6.5%)  

Early recurrence Absent 33 (86.8%) 87 (93.5%) 0.296 

 Present 5 (13.2%) 6 (6.5%)  

Lymphatic invasion Absent 20 (52.6%) 71 (76.3%) 0.007 
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 Present 18 (47.4%) 22 (23.7%)  

Venous invasion Absent 36 (94.7%) 78 (83.9%) 0.15 

 Present 2 (5.3%) 15 (16.1%)  

Perineural invasion Absent 25 (65.8%) 72 (77.4%) 0.168 

 Present 13 (34.2%) 21 (22.6%)  

Tumor differentiation 
Well to moderately 

differentiated 
19 (50%) 66 (71%) 0.023 

 Poorly differentiated 19 (50%) 27 (29%)  

Mucinous histology 
Non-mucinous (< 

50%) 
33 (86.8%) 63 (67.7%) 0.025 

 Mucinous (≥ 50%) 5 (13.2%) 30 (32.3%)  

Signet ring cell 

histology 
Absent 33 (86.8%) 79 (84.9%) 0.78 

 Present  5 (13.2%) 14 (15.1%)  

Tumor budding Low or intermediate 24 (63.2%) 71 (76.3%) 0.125 

 High 14 (36.8%) 22 (23.7%)  

Poorly differentiated 

clusters 
G1 or G2 18 (47.4%) 56 (60.2%) 0.178 

 G3 20 (52.6%) 37 (39.8%)  

Desmoplastic reaction 
Mature or 

intermediate 
34 (89.5%) 90 (96.8%) 0.192 

 Immature 4 (10.5%) 3 (3.2%)  

Molecular factors 

CIMP CIMP-H 21 (55.3%) 24 (25.8%) 0.001 

 CIMP-L/0 17 (44.7%) 69 (74.2%)  

MLH1 promoter 

methylation 
Methylated 23 (60.5%) 35 (37.6%) 0.017 

 Unmethylated 15 (39.5%) 58 (62.4%)  

CACNA1G promoter 

methylation 
Methylated 20 (52.6%) 26 (28.0%) 0.007 

 Unmethylated 18 (47.4%) 67 (72.0%)  

SOCS1 promoter 

methylation 
Methylated 14 (36.8%) 29 (31.2%) 0.531 

 Unmethylated 24 (63.2%) 64 (68.8%)  

CRABP1 promoter 

methylation 
Methylated 28 (73.7%) 48 (51.6%) 0.02 
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 Unmethylated 10 (26.3%) 45 (48.4%)  

RUNX3 promoter 

methylation 
Methylated 17 (44.7%) 21 (22.6%) 0.011 

 Unmethylated 21 (55.3%) 72 (77.4%)  

IGF2 promoter 

methylation 
Methylated 17 (44.7%) 23 (24.7%) 0.024 

 Unmethylated 21 (55.3%) 70 (75.3%)  

CDKN2A promoter 

methylation 
Methylated 23 (60.5%) 27 (29.0%) 0.001 

 Unmethylated 15 (39.5%) 66 (71.0%)  

NEUROG1 promoter 

methylation 
Methylated 21 (55.3%) 30 (32.3%) 0.014 

 Unmethylated 17 (44.7%) 63 (67.7%)  

KRAS mutation Absent 31 (81.6%) 55 (59.1%) 0.014 

 Present 7 (18.4%) 38 (40.9%)  

BRAF mutationa Absent 31 (86.1%) 85 (91.4%) 0.351 

 Present 5 (13.9%) 8 (8.6%)  

CDX2 expression Loss 13 (34.2%) 6 (6.5%) < 0.001 

 Positive 25 (65.8%) 87 (93.5%)  

SATB2 expression Loss 10 (26.3%) 14 (15.1%) 0.131 

 Positive 28 (73.7%) 79 (84.9%)  

Immunologic factors 

TIL immunoscoreb Intermediate to high 

(IS-2/3/4) 
20 (55.6%) 52 (57.8%) 0.82 

 Low (IS-0/1) 16 (44.4%) 38 (42.2%)  

TLS activity 

Active (maximum 

diameter of LAs ≥ 1 

mm) 

21 (55.3%) 49 (52.7%) 0.789 

 

Inactive (maximum 

diameter of LAs < 1 

mm) 

17 (44.7%) 44 (47.3%)  

aTwo cases were excluded from the BRAF mutation analysis results due to 

suboptimal quality or quantity of isolated DNA samples. 
bFive cases were excluded from the TIL immunoscore results due to 

suboptimal quality of immunohistochemistry slides. 
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Characterization of CDX2-/SATB2-/KRT20-(triple-negative) 

CRCs 

The simultaneous loss of CDX2, SATB2, and KRT20 expression 

(CDX2-/SATB2-/KRT20-; the triple-negative phenotype) was 

observed in 6 out of 131 MSI-H CRCs (4.6%; Fig. 4a and Fig. 5a). 

All triple-negative tumors were confirmed to be primary CRCs 

without evidence of other extra-colorectal tumors. The major 

clinicopathologic and molecular features of the six triple-negative 

tumors are summarized in Table 7. Various histologic subtypes, 

including signet ring cell, medullary, and serrated types, were 

observed in the triple-negative CRCs (Table 7 and Fig. 6). Notably, 

all six triple-negative CRCs commonly displayed molecular profiles 

of sporadic MSI-H subtype such as CIMP-H and MLH1 promoter 

methylation, with loss of MLH1 IHC expression (Table 7 and Fig. 5a). 

Consistent with the known clinical characteristics of sporadic MSI-

H CRCs, all the triple-negative CRC patients were old (average age, 

76 years; range, 67–89 years) and except for one patient, all were 

females (Table 7). The triple-negative tumors were exclusively 

located in the proximal colon and frequently showed poor 

differentiation (Table 7). In two cases, KRT7 IHC expression was 

observed in the tumor cells (Fig. 5a). 

Finally, we confirmed that the IHC profiles of primary triple-negative 

CRCs, including CDX2/SATB2/KRT20/MLH1 loss, were maintained 

in the corresponding metastatic lymph node (Fig. 5b). 
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Figure 5. Pathology of CRCs showing concurrent loss of all the three 

intestinal markers (triple-negative) 

 

a IHC and H&E photomicrographs of primary tumor issues of the 

triple-negative CRCs. Note the common loss of MLH1 IHC 

expression in the tumor cells of all six cases. b IHC and H&E 

photomicrographs of lymph node metastatic tumor tissues of the 

stage III triple-negative CRCs. Note the consistency of IHC profiles 

between matched primary and metastatic tumor tissues of the two 

cases (MC-4 and MC-26) 
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Figure 6. Detailed histopathologic features of triple-negative 

colorectal carcinomas 

 

a An adenocarcinoma with focal intraglandular mucin production 

(MC-4). b A signet ring cell carcinoma with prominent 

intracytoplasmic mucin (MC-26). c A medullary carcinoma with solid 

growth and tumor-infiltrating lymphocytes (MC-30). d A serrated 

adenocarcinoma showing luminal serrated morphology in glands 

(MC-64). e An adenocarcinoma with focal extracellular mucin 

production (MC-97). f An adenocarcinoma with focal medullary 

feature (MC-133). 
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Chapter3. Conclusion 
 

 

In this study, we comprehensively characterized the 

clinicopathologic and molecular factors associated with alterations in 

the expression of three intestinal epithelium-specific markers 

(CDX2, SATB2, and KRT20) at both RNA and protein levels in CRCs. 

Analysis of TCGA CRC data (n=390) revealed that decreased mRNA 

expression of the three intestinal marker genes commonly correlated 

with MSI-H, CIMP-H, BRAF/RNF43 mutations, CMS1, and high 

TMB (Fig. 2), which collectively reflect features of sporadic MSI-H 

CRCs because CMS1 and high TMB are representative MSI-H-

dependent factors in CRC. Moreover, CIMP-H and BRAF/RNF43 

mutations are prevalent specifically in MLH1-methylated sporadic 

MSI-H CRCs, but not in hereditary MSI-H CRCs of Lynch syndrome 

[42–46]. From these findings, we can confirm two principles 

regarding the loss of intestinal markers in CRC. (1) The decreased 

expression of intestinal markers in subsets of CRCs is initiated at the 

RNA transcriptional level. (2) The decreased expression of intestinal 

markers in CRCs is associated with a specific carcinogenesis pathway 

resulting in sporadic MSI-H CRCs, which is also known as the sessile 

serrated neoplasia pathway [47].  

The loss of CDX2 and SATB2 IHC expression in CRC tissues was 

commonly associated with CIMP-H and lymphatic invasion 

regardless of MSI status (Fig. 4b), whereas loss of KRT20 

expression was significantly correlated with poor differentiation 

regardless of MSI status (Fig. 4b). Similar features between CDX2 

loss and SATB2 loss and different natures between CDX2/SATB2 

loss and KRT20 loss in CRCs were also confirmed by the comparative 

analysis of MSI/CIMP subgroups of CRCs; both CDX2 and SATB2 

expressions were decreased in CIMP-H subgroups regardless of 

MSI status, whereas KRT20 expression was decreased in MSI-H 

subgroups regardless of CIMP status (Fig. 3c). Previous multivariate 

analysis studies have also reported that the loss of CDX2 expression 

is associated with CIMP-H but not MSI-H in CRCs [12, 25]. 
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However, CIMP-H-dependent/MSI-H-independent expression 

alterations of CDX2 and SATB2 observed in the IHC analysis were 

unclear in the RNA expression analysis (Fig. 1d). It is likely that the 

reduced expression of CDX2/SATB2 mRNA may be affected by both 

MSI-H and CIMP-H status in CRCs because, except for the 

MSS/CIMP-L/0 subgroup, the other three subgroups with MSI-H 

and/or CIMP-H displayed decreased mRNA expression of CDX2 and 

SATB2 genes (Fig. 1d). To consider the mechanism of decreased 

mRNA expression, we analyzed promoter methylation of SATB2 and 

SATB2 mRNA expression in TCGA samples and confirmed inverse 

correlation between two. Also, Xu et al. showed that the enrichment 

of H3K4me3 in the SATB2 promoter region was significantly reduced 

in the CRC tissues [51]. 

The discrepancy between protein-level and RNA-level results may 

be due to potential direct or indirect interactions between 

transcription factors (TFs) and CIMP-H in CRCs. Both CDX2 and 

SATB2 are TFs associated with intestinal differentiation during 

normal development [48, 49], whereas KRT20 is a filament protein 

that supports the structural integrity of intestinal epithelial cells [11]. 

Thus, we postulate that the expression of CDX2 and SATB2, and not 

KRT20, may be further decreased by epigenetic or posttranslational 

modifications, particularly under CIMP-H conditions in CRC. CIMP-

H is an epigenetic change associated with the suppression of gene 

expression by promoter CpG island hypermethylation in cancers [42], 

and DNA methylation is known to be associated with other 

epigenetic/post-translational alterations such as chromatin structure 

changes, histone modifications, or non-coding RNA regulation, which 

may also be associated with aberrations in the normal binding and 

expression of TFs [50].  

Also, several studies have reported that SATB2 expression in CRC 

is regulated by long non-coding RNA (SATB2-AS1) or microRNAs 

(miR-31, miR-34, miR-182, miR-211, and miR-599) [49, 51-53]. 

CDX2 expression is also suggested to be regulated by epigenetic 

mechanisms such as promoter methylation or histone modifications 

[16, 54, 55]. Collectively, in contrast to KRT20, both CDX2 and 
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SATB2 are TFs, and their protein-level expression may be affected 

by epigenetic or post-translational modifications frequently in 

CIMP-H CRCs. 

Interestingly, in addition to the differences between CDX2/SATB2 

loss and KRT20 loss in CRCs, we also observed differences in 

several clinicopathologic and molecular aspects between CDX2 loss 

and SATB2 loss in CRCs. Although both CDX2 and SATB2 are 

intestinal differentiation-related TFs and their loss of expression is 

commonly associated with CIMP-H in CRCs (Fig. 4b), CDX2 loss 

was not significantly correlated with SATB2 loss in MSS CRCs (p = 

0.283; Fig. 4b). In addition, the frequency of concurrent loss of CDX2 

and SATB2 expression was relatively low in both MSI-H and MSS 

CRCs (5.4% and 0.3%, respectively) compared with the frequency of 

the loss of CDX2 or SATB2 alone (Fig. 4a). Similar to our findings, 

Ma et al. previously reported that the concurrent loss of CDX2 and 

SATB2 expression was observed in only 6% and 2% of MSI-H and 

MSS CRCs, respectively [23]. These features indicate that tumors 

with CDX2 loss and tumor with SATB2 loss comprise distinct subsets 

within CIMP-H CRCs. The clinicopathologic and molecular 

differences between CDX2-loss tumors and STAB2-loss tumors 

further confirmed that in MSS CRCs, CDX2 loss was significantly 

associated with BRAF V600E mutation whereas  SATB2 loss with 

KRAS mutations and low TIL immunoscore (Fig. 4b, c). Although the 

underlying mechanism of the association between SATB2 loss and 

low TIL density in MSS CRCs is yet to be elucidated, the high 

incidence of KRAS mutations (78.6%; Table 3) in SATB2-loss MSS 

CRCs may be a potential underlying factor for impaired antitumor 

immunity as recent studies have suggested that KRAS mutations are 

associated with immune suppression in CRCs [56, 57]. 

In the differential diagnosis of metastatic carcinomas having multiple 

possibilities for the site of the primary tumor, including the 

colorectum, metastatic CRC showing the concurrent loss of all the 

three intestinal markers (triple-negative) can lead to great confusion 

and misdiagnosis. All six triple-negative CRCs evaluated in our study 

were found exclusively in the MLH1-methylated MSI-H/CIMP-H 
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molecular subtype of CRCs (sporadic MSI-H CRCs) (Table 7). 

Because CDX2/SATB2 loss and KRT20 loss in CRC were revealed to 

be dependent on CIMP-H and MSI-H status, respectively, it is 

reasonable that the triple-negative tumors were found in an overlap 

zone-in CRC with both MSI-H and CIMP-H. Age (67–89 years), sex 

(female, 83%), and tumor location (right-sided colon, 100%) may be 

clinical clues, and poor differentiation (67%) and loss of MLH1 IHC 

expression (100%) could be pathologic clues for the triple-negative 

tumors (Table 7 and Fig. 5). These clues can aid diagnosis and the 

identification of the primary site of metastatic carcinomas showing 

unusual expression profiles of tissue-specific markers, especially in 

rare and difficult to diagnose triple-negative CRCs. 

Among the six triple-negative CRCs, two cases, which were non-

medullary carcinomas, showed lymph node metastases (Table 7). 

Considering that MSI-H CRCs demonstrate relatively low 

frequencies of nodal/distant metastases and generally show a 

favorable prognosis, our finding suggests that triple-negative CRCs 

without medullary histology may represent an aggressive MSI-H 

subset. Due to short follow up period after the surgery, 5-year 

overall survival data is analyzed only in 76 MSI-H CRC cases. 

Double- or triple-negative cases tend to have poor outcome 

although statistically not significant. We also investigated whether 

patients with triple-negative CRCs had distant metastases or 

recurrence during their follow-up periods, and observed that none 

of the patients showed any evidence of distant metastases. However, 

the absence of metastatic or recurrent triple-negative CRCs rarely 

metastasize to distant sites is also important because if the triple 

intestinal markers are all negative in a carcinoma of undetermined 

primary, the likelihood of the colorectal origin of the tumor is 

extremely rare.  

Our study identified comprehensive clinicopathologic and molecular 

characteristics of CRCs showing loss of intestinal marker expression; 

however, there are several limitations to it. First, to investigate the 

RNA-level and protein-level features of intestinal markers in CRC, 

we used different sample cohorts—TCGA cohort (n = 390) for RNA 
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data and primary tissue cohorts (n = 436) for protein data. The 

clinicopathologic and molecular correlates of RNA-level and 

protein-level expression alterations of intestinal markers in CRC 

might be well characterized in our study because relatively large 

numbers of CRCs were used in analyzing both TCGA CRC and 

primary CRC cohorts. However, a direct comparison between RNA-

level and protein-level alterations of intestinal markers in CRC was 

not performed. Further investigation is warranted to confirm the 

similarities and dissimilarities between RNA-level and protein-level 

alterations of intestinal markers in CRC. The second limitation of our 

study is the potential bias due to TMA-based IHC evaluation. To 

evaluate the IHC expression of intestinal markers in the 436 CRCs, 

we used TMA slides instead of whole tumor slides. To minimize the 

disadvantage of a TMA core being less representative of the entire 

tumor area, we stained each intestinal marker IHC using four TMA 

cores from different tumor areas (two at the IM and two at the CT). 

Despite our efforts with using multi-core TMA slides, the possibility 

that the intratumoral heterogeneity of IHC expression was 

incompletely reflected cannot be entirely excluded. The precise 

evaluation of the expression patterns of intestinal markers in the 

whole tumor area of CRC warrants further validation studies using 

whole slide IHC. 

 In conclusion, out study revealed that the decreased mRNA 

expression of CDX2 and SATB2 is associated with both MSI-H and 

CIMP-H in CRC, whereas the loss of protein expression of CDX2 and 

SATB2 was more dependent on CIMP-H than MSI-H in CRC. In 

contrast, decreased expression of both KRT20 mRNA and protein 

was associated more with MSI-H than CIMP-H in CRC. We also 

found that clinicopathologic and molecular characteristics associated 

with the loss of intestinal markers could be different in relation to 

MSI status. KRAS mutations and low TILs, which are important 

factors affecting responses to targeted therapy and immunotherapy, 

respectively, were associated with SATB2 loss in MSS CRCs, and 

further studies will be needed to explore therapeutic implications of 

SATB2 loss in CRCs. CRCs showing concurrent loss of 
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CDX2/SATB2/KRT20 IHC expression were found to occur 

exclusively in proximal colon-located MSI-H/CIMP-H cancers with 

MLH1 promoter methylation. Our data provide important information 

regarding the factors to be considered in the differential diagnosis of 

metastatic CRCs with loss of intestinal marker expression.
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초록 

  

 

 미골부유형 호메오박스2 (CDX2), 특수 AT 서열 결합 단백2 (SATB2), 

그리고 케라틴 20(KRT20)은 면역조직화학 연구에서 장 상피 특이적 

표지자로 자주 사용된다. 하지만, 대장암의 일부에서는 이들 표지자를 

발현하지 않는다. 이번 연구에서 암유전체지도 데이터를 분석하여 

390개의 대장암에서 CDX2, SATB2 그리고 KRT20 유전자의 분자적 

상관 관계를 조사하였다. 3가지 유전자 각각의 감소된 mRNA 발현은 

일반적으로 높은 미세부수체 불안정성 (MSI-H), CpG island 

methylator phenotype-high (CIMP-H), BRAF/RNF43의 돌연변이, 

공통 분자 아형 1 및 높은 종양 변이 부담과 상관관계가 있는 것으로 

나타났다. CDX2 또는 SATB2의 하향조절은 MSI-H와 CIMP-H 

모두에 의존하는 반면, KRT20의 하향조절은 CIMP-H보다 MSI-H에 

더 의존적이었다. 다음으로 우리는 436개의 원발성 대장암에서 CDX2, 

SATB2 및 KRT20의 면역조직화학적 발현을 평가했다. RNA 수준의 

발현과 대조적으로, CDX2 및 SATB2의 감소된 단백질 발현은 MSI-

H보다 CIMP-H에 더 의존적이었다. 그러나, RNA 수준 발현과 

일치하게, KRT20의 감소된 단백질 발현은 CIMP-H보다 MSI-H에 더 

의존적이었다. CIMP-H 및 림프관 침범은 MSI 상태에 관계없이 

대장암에서 CDX2 및 SATB2의 발현 손실과 일관되게 연관되었다. 

3가지 표지자가 동시에 손실된 경우는 MLH1이 메틸화된 MSI-

H/CIMP-H 대장암에서만 독점적으로 발견되었다. 결론적으로, MSI-H 

및 CIMP-H는 결장암에서 감소된 CDX2/SATB2/KRT20 발현의 주요 

공통 상관관계이지만, 각 표지자의 손실과 관련된 특성들은 대장암에서 

다르게 나타났다.  
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