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要旨 

⼤腸癌は様々な genetic ないしは分⼦学的な背景を⽰す heterogenous な疾患であ
り、患者予後や治療への反応も症例により様々である。現在⼤腸癌においては、
transcriptome profiling に基づく四つの consensus molecular subtypes (CMS1-4)が提
唱されており、CMS 分類に基づく、免疫組織化学的な四種類のマーカー、FRMD6, 

ZEB1, HTR2B, CDX2 が⽰されている。しかしながら、免疫組織化学的な CMS 分
類では CMS2 と CMS3 を区別することが出来ない。 

 本研究では、65 例の⼤腸癌について、transcriptome 解析および免疫組織化学的
解析により CMS 分類を⾏い、77.5%の⼀致率を得ることが出来た。さらに、TCGA

より得られた CMS2 と CMS3 で発現が異なる RNA のデータセットにより免疫
組織学的 CMS 分類に修正を加えた。CMS2 のほとんどで Wnt シグナル経路の
upregulate がみられ、CTNNB1 (β-catenin) の発現は CMS2 において有意に増加
しており、それゆえ免疫組織化学的 CMS 分類にβカテニンの核内蓄積を導⼊し
検討した。修正された分類においては、免疫組織化学と RNA 解析に基づく CMS

分類では 71.4%の⼀致率が認められた。さらにβカテニン染⾊は 19 例の CMS2/3

の腫瘍の 16 例を CMS2 ないしは CMS3 に分類することが可能であり、RNA 解
析による分類と 84.2%の⼀致率を得ることが出来た。 

 Transcriptome 解析と免疫組織化学的解析に基づき CMS を評価し、⼤腸癌を四
つの CMS グループに分類可能な modified IHC パネルを提⽰することが出来た。
我々の知る限り、本報告は免疫組織化学的に⼤腸癌を四つの CMS に分類するこ
とが出来た最初の報告である。 
 
 
 
 



Take Home Message 
1. ⼤腸癌は分⼦学的な profile により、臨床病理学的、分⼦病理学的な特徴が異
なる四つのグループ(CMS, consensus molecular subtype)に分類することが出来
る。 
2. 従来の免疫組織化学的パネルでは CMS2 と CMS3 は区別することは出来な
かったが、βカテニンを加えることで、CMS2 と CMS3 を区別することが可能
である。 
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tumours. To do this we used RNA-sequencing data from the larger TCGA 
cohort. Firstly, 521 CRC patients in the TCGA cohort were analysed 
using the RNA-sequencing based CMS classifier, categorising 96 (18 %) 
patients as CMS1, 267 (51 %) as CMS2, 76 (15 %) as CMS3, and 82 (16 
%) as CMS4. Differential gene expression analysis was then performed 
between CMS2 and CMS3 tumours. Genes upregulated in CMS2 tumours 

were found to be significantly associated with pathways such as protein 
digestion and absorption, WNT signalling and stem cell regulation 
(Table A.1, Appendix A). We further analysed the CMS3 tumours and 
found the most upregulated genes in this group to be associated with 
metabolic pathways (Table A.1, Appendix A). These results are in 
concordance with a previous study using the transcriptomic-based CMS 
classifier [14]. 

Among the most significantly upregulated genes found in the CMS2 
tumours, 21 genes were involved in WNT signalling (Table A.2, Ap-
pendix A). The KEGG pathway analysis of the WNT-related genes 
showed that CTNNB1 (encoding !-catenin), its co-activators TCF/LEF, 
and downstream target genes of !-catenin (c-myc and Cyclin D1) were all 
significantly enriched in CMS2 tumours (Fig. 2). Since CTNNB1 
(encoding !-catenin), a hallmark of the canonical WNT-signalling 
pathway, was significantly upregulated in CMS2 tumours (P ! 1.15 "
10#6), we introduced !-catenin to the IHC-CMS classifier as a marker to 
distinguish between CMS2 and CMS3 tumours. 

3.4. Identifying the four CMS subtypes using our modified IHC-CMS 
classifier and comparison to the RNA-sequencing based classifier 

A flow chart describing the classification using the modified IHC 
panel is shown in Fig. 3. The IHC-CMS panel was first applied to separate 
CMS1, CMS2/3 and CMS4 tumours, followed by !-catenin IHC staining 
to further separate CMS2 and CMS3 tumours. IHC staining of the 
different markers used for classification is exemplified in Fig. 4. By 
applying the modified IHC classifier to our cohort, we found a distri-
bution of 27.1 % (CMS1), 30.5 % (CMS2), 16.9 % (CMS3), and 25.4 % 
(CMS4). The distribution of the four CMS groups were similar using the 
RNA-sequencing based classifier compared to using our modified IHC- 
based classifier. This finding suggested that the modified IHC-CMS 

Table 1 
The RNA-sequencing based CMS groups in relation to clinicopathological characteristics.   

Total CMS1 CMS2 CMS3 CMS4 Non-consensus P value* 

Frequency, n (%) 62 19 (30.6) 23 (37.1) 6 (9.7) 5 (8.1) 9 (14.5)  
Sex, n (%)       0.382 

Men 36 9 (25) 17 (47.2) 3 (8.3) 3 (8.3) 4 (11.1)  
Women 26 10 (38.5) 6 (23.1) 3 (11.5) 2 (7.7) 5 (19.2)  

Age, n (%)       0.348 
!59 8 0 (0) 5 (62.5) 0 (0) 1 (12.5) 2 (25)  
60¡69 12 3 (25) 5 (41.7) 2 (16.7) 0 (0) 2 (16.7)  
70¡79 27 9 (33.3) 8 (29.6) 2 (7.4) 4 (14.8) 4 (14.8)  
"80 15 7 (46.7) 5 (33.3) 2 (13.3) 0 (0) 1 (6.7)  

Tumour site, n (%)       0.035 
Right colon 32 16 (50) 8 (25) 2 (6.3) 2 (6.3) 4 (12.5)  
Left colon 14 2 (14.3) 8 (57.1) 2 (14.3) 1 (7.1) 1(7.1)  
Rectum 16 1 (6.3) 7 (43.8) 2 (12.5) 2 (12.5) 4 (25)  

Stage, n (%)       0.245 
I 10 0 (0) 7 (70) 1 (10) 0 (0) 2 (20)  
II 26 8 (30.8) 8 (30.8) 4 (15.4) 2 (7.7) 4 (15.4)  
III 21 10 (47.6) 6 (28.6) 1 (4.8) 2 (9.5) 2 (9.5)  
IV 5 1 (20) 2 (40) 0 (0) 1 (20) 1 (20)  

Mucinous type, n (%)       0.073 
Non-mucinous 53 14 (26.4) 22 (41.5) 4 (7.5) 4 (7.5) 9 (17)  
Mucinous 9 5 (55.6) 1 (11.1) 2 (22.2) 1 (11.1) 0 (0)  

Grade, n (%)       0.001 
Low 44 8 (18.2) 22 (50) 4 (9.1) 3 (6.8) 7 (15.9)  
High 18 11 (61.1) 1 (5.6) 2 (11.1) 2 (11.1) 2 (11.1)  

KRAS, n (%)       0.146 
Wild type 41 17 (41.5) 14 (34.1) 2 (4.9) 3 (7.3) 5 (12.2)  
Mutated 16 2 (12.5) 7 (43.8) 3 (18.8) 2 (12.5) 2 (12.5)  

BRAF, n (%)       !0.001 
Wild type 40 4 (10) 23 (57.5) 5 (12.5) 3 (7.5) 5 (12.5)  
Mutated 21 15 (71.4) 0 (0) 1 (4.8) 2 (9.5) 3 (14.3)  

MSI, n (%)       !0.001 
MSS 44 3 (6.8) 23 (52.3) 6 (13.6) 5 (11.4) 7 (15.9)  
MSI 16 16 (100) 0 (0) 0 (0) 0 (0) 0 (0)  

Abbreviations: CMS consensus molecular subtype; MSI microsatellite instability; MSS microsatellite stable. 
* Fisher’s exact test. 

Fig. 1. Comparison of the RNA based and IHC based CMS classifier. 77.5 % 
concordance was observed when comparing the results from the RNA- 
sequencing-based classifier to the IHC based CMS classifier. 
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Fig. 1. Comparison of the RNA based and IHC based CMS classifier. 77.5 % 
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classifier could be a potential substitution for the RNA-sequencing based 
CMS classification. 

The clinicopathological characteristics of the four CMS groups based 
on the modified IHC-CMS classifier were very well in line with the re-
sults based on the RNA sequencing classifier (Table 2), including cor-
relations to tumour site (P ! 0.003), tumour grade (P ! 0.046), BRAF 
mutation (P ! 0.001) and an MSI phenotype (used for classification of 
this group) (P ! 0.001). These findings, again, suggested that the 
modified IHC-CMS classifier could precisely identify the different bio-
logical and clinical features among the CMS groups. 

The results of the RNA-sequencing-based classifier were then 
compared to the modified IHC-CMS classifier. Fifty-six samples were 
available with paired RNA-sequencing based and the modified IHC- 
based CMS data. Seven samples could not be classified into the four 
CMS groups using the RNA-sequencing based CMS classifier (Fig.A.1, 
Appendix A). As described by Guinney et al., even though the four CMS 
groups have different biological functions, there are cases with mixed 

CMS features (e.g. both CMS2 and CMS4 features, or with CMS2 and 
CMS3) and other cased that could not be classified in any of the four 
groups [14]. A moderate level of agreement between the two methods 
was found (Weighted ! ! 0.558, P ! 0.001, Fig. 5) [9,31]. Twenty-five 
samples were classified as CMS2/3 using the RNA-sequencing CMS 
classifier. When applying the IHC-CMS classifier on the 25 CMS2/3 
samples, six were categorized as CMS4 and 19 remained CMS2/3. Using 
the modified IHC-CMS classifier with the additional !-catenin marker, 
16 out of 19 samples (84.2 %) corresponded with the CMS groups from 
the RNA-sequencing based CMS classifier. 

4. Discussion 

In the present study, we evaluated two previously proposed CMS 
classifiers based on both transcriptome and IHC analysis in our cohort. 
Additionally, with the aim to develop a modified IHC-based CMS clas-
sifier that could identify all four CMS groups, we analysed the 

Fig. 2. KEGG pathway analyses of WNT-related genes in CMS2 tumours. The significantly upregulated genes in CMS2 tumours found to be involved in WNT 
signalling pathway activation, as highlighted in orange. WNT signalling related genes included CTNNB1 (encoding !-catenin), its co-activator TCF/LEF, and 
downstream target genes (c-myc and Cyclin D1). 

Fig. 3. CMS classification based on IHC. MSI status was first used to define patients who belong to the CMS1 subtype. The remaining patients were then classified 
into CMS2/3 or CMS4 subtypes using a random forest classifier. Samples with a random forest probability of more than 0.6 were scored as CMS4. The CMS2/3 group 
was then further divided according to !-catenin staining. 
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differentially expressed genes between CMS2 and CMS3 tumours using 
RNA-sequencing data from the TCGA dataset. The result showed that 
WNT signalling was among the most upregulated pathways, and the 
expression level of CTNNB1 gene (encoding !-catenin), a WNT pathway 
hallmark, was significantly upregulated in CMS2 tumours. We therefore 
introduced !-catenin to the previously established IHC-CMS classifier 
and applied this modified IHC-CMS classifier to our CRC patient cohort. 
The results were compared to the results obtained using the RNA- 
sequencing based CMS classifier. 

Trinh et al. have shown an 87 % concordance between automated 
IHC and transcriptomic CMS classification methods based on 70 samples 
from a cohort of Stage II CRC patients [30]. The automated IHC classi-
fication was based on image-analysis of TMA cores. They also evaluated 
the samples with a pathologist scoring system and found a 78 % 
concordance when comparing the results between the automated IHC 
classifier and the pathologist CMS-IHC classifier [30]. However, they did 
not show the concordance between the pathologist IHC and tran-
scriptomic CMS classifier. We applied the pathologist scoring based 
IHC-CMS classifier on our cohort of CRC patients and found a 77.5 % 
concordance between the RNA-sequencing method and IHC method. 
The slightly lower concordance found in our study could be explained by 
that we manually scored the IHC staining on whole tissue sections, 
whereas Trinh et al. utilized automated image analysis and TMA stain-
ing. In addition, we have included patients with CRC stage I-IV in our 
study cohort whereas the study by Trinh et al. was based only on Stage II 
patients. The automated IHC classifier requires standardized protocols 
for TMA sampling, staining and image analysis to reduce the batch ef-
fects [3,30]. Furthermore, although TMA analysis enables rapid evalu-
ation of a large number of tumour tissues, analyses on whole tumour 
tissue sections better represent tumour heterogeneity [3]. Studies have 
shown that pathologist scoring using whole tissue slides can overcome 
the shortage of TMA – reduce batch effect and represent tumour het-
erogeneity [3,30]. The lower concordance may also be due to the 
different transcriptomic analysis used; RNA sequencing was used in our 
study, whereas Affymetrix microarray data was used by Trinh et al. 
Moreover, as mentioned above, we found more CMS1 tumours than the 
other studies, which may be due to that all MSI tumours were classified 
as CMS1 using the previously established IHC-CMS classifier [30]. 

However, not all MSI tumours are BRAF mutated (CMS1 is defined as 
tumours exhibiting MSI, a CIMP high phenotype, mutations in the BRAF 
gene, and immune infiltration), thus, MSI tumours with the wild type 
BRAF gene may not be CMS1. Based on BRAF mutation status, we could 
categorize one patient as CMS3 (previously CMS1), which agrees with 
the RNA-sequencing-based classification result. This finding may sug-
gest that BRAF mutation status can be added to the modified IHC-CMS 
classifier to improve the CMS-IHC classifier in future studies. It may 
also indicate that the modified IHC-CMS classifier can be further 
improved by adding robust markers. 

The microarray-data-based classifier by Guinney et al. [14]. Showed 
that the CMS2 group is characterized by activated WNT/MYC signalling. 
We applied the classifier to the RNA-sequencing data from the TCGA 
dataset and found that WNT ligands, CTNNB1 (encoding !-catenin) 
along with its co-factor TCF/LEF, and target genes, such as c-myc, Cyclin 
D1, were all significantly upregulated in CMS2 tumours compared to 
CMS3 tumours. This finding agrees with the original study. It has been 
shown that !-catenin plays an essential role in the activated WNT 
pathway [4,24,26,33]. Upon activation of the WNT pathway, !-catenin 
translocates into the cell nucleus, recruits TCF/LEF family cofactors, and 
activates target gene transcription [10]. Collectively, this suggests that 
nuclear staining of activated !-catenin could serve as a good marker for 
separating CMS2 and CMS3 tumours. 

Previous studies have assessed nuclear !-catenin expression as a 
marker for WNT pathway activation in CRC, using IHC and a semi- 
quantitative scoring method [6,7]. In the present study, 19 samples 
were characterized as CMS2/3 with both RNA-sequencing and 
IHC-based methods. Nuclear !-catenin staining could classify 16 out of 
the 19 CMS2/3 tumours into CMS2 or CMS3, thereby showing an 84.2 % 
concordance with the RNA-sequencing-based classifier. This result, 
again, indicates that the !-catenin marker can correctly distinguish 
CMS2 from CMS3 tumours. 

Using our modified IHC-based CMS classification, the distribution of 
the four CMS groups was found to be 27.1 % (CMS1), 30.5 % (CMS2), 
16.9 % (CMS3), and 25.4 % (CMS4). Guinney et al. have found a pattern 
similar to ours when applying the transcriptomic-based classifier on a 
total of 18 CRC data sets – 14 % CMS1, 37 % CMS2, 13 % CMS3, and 23 
% CMS4 [14]. One Stage II CRC patient cohort showed a CMS2/3: CMS1: 

Fig. 4. Representative IHC stainings. Shown are representative light microscopic images of IHC stainings of CDX2, FRMD6, HTR2B, ZEB1, KER, and !-catenin in 
CRC tumour tissues, as indicated. Examples of positive !-catenin staining are indicated with arrows. Magnification: 20 ! . Scale bar: 50 "m. 
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CMS4 ratio of approximately 2:1:1 [11,30]. Another cohort with 237 
primary CRC tumours presented with CMS1 18 %, CMS2 47 %, CMS3 12 
%, and CMS4 23 % [23]. The distribution of CMS groups varies in 
different cohorts based on transcriptomic classification. We observed 
slightly more CMS1 tumours (27.1 %) than other studies. Since the 
classification of CMS1 is only based on MSI status, our observation could 
be explained by a higher than average number of MSI tumours in our 
cohort. The distribution of CMS2 and CMS3 tumours in our study was 
similar to other cohorts using the transcriptional CMS classifier. We used 
!-catenin as a marker to distinguish between CMS2 and CMS3 tumours 
based on our finding of increased WNT signalling in the CMS2 group 
using the TCGA dataset and the fact that !-catenin expression in the cell 
nucleus has been shown to be a robust protein marker for WNT pathway 
activation in CRC [6,7]. However, the precision of using !-catenin as a 
marker for distinguishing CMS2/3 tumours needs to be verified in larger 
studies. Also, as described by Guinney et al., even though the four CMS 
groups have different biological functions, there are cases with mixed 
CMS features (e.g. both CMS2 and CMS4 features, or with CMS2 and 
CMS3 features) and other cases that could not be classified in any of the 
four groups [14]. These challenges will need to be addressed in future 
studies. 

When correlating the modified IHC-CMS groups to clinicopatholog-
ical and molecular characteristics, we found that CMS1 tumours were 
mainly right-sided, while CMS2 tumours were the predominant subtype 
in left-sided tumours. Most of the low-grade tumours were classified as 
CMS2, whereas high-grade tumours were more often CMS1. BRAF 
mutated- and MSI- tumours were mainly found as CMS1. The results are 
consistent with the clinicopathological and molecular distribution of the 
RNA-sequencing CMS groups, indicating that the modified IHC-based 
CMS groups well represent the RNA-sequencing CMS classification. 
Our results are in line with previous publications. Mooi et al. have 

reported that CMS1 was the predominant subtype in right-sided primary 
CRC tumours, while CMS2 was the predominant subtype in left-sided 
tumours in their study cohort [23]. Guinney et al. have found that 
CMS1 tumours were frequently diagnosed in females with right-sided 
lesions and presented with a higher histopathological grade. CMS2 tu-
mours were mainly left-sided, whereas CMS4 tumours tended to be 

Table 2 
The IHC-based CMS groups in relation to clinicopathological characteristics.   

Total CMS1 CMS2 CMS3 CMS4 P value* 

Frequency, n (%) 59 16 (27.1) 18 (30.5) 10 (16.9) 15 (25.4)  
Sex, n (%)      0.588 

Men 35 8 (22.9) 13 (37.1) 6 (17.1) 8 (22.9)  
Women 24 8 (33.3) 5 (20.8) 4 (16.7) 7 (29.2)  

Age, n (%)      0.129 
!59 8 0 5 (62.5) 0 3 (37.5)  
60¡69 9 2 (22.2) 3 (33.3) 2 (22.2) 2 (22.2)  
70¡79 27 7 (25.9) 9 (33.3) 4 (14.8) 7 (25.9)  
"80 15 7 (46.7) 1 (6.7) 4 (26.7) 3 (20)  

Tumour site, n (%)      0.003 
Right colon 33 15 (45.5) 5 (15.2) 6 (18.2) 7 (21.2)  
Left colon 14 1 (7.1) 8 (57.1) 1 (7.1) 4 (28.6)  
Rectum 12 0 5 (41.7) 3 (25) 4 (33.3)  

Stage, n (%)      0.067 
I 9 0 6 (66.7) 2 (22.2) 1 (11.1)  
II 23 8 (34.8) 6 (26.1) 5 (21.7) 4 (17.4)  
III 22 7 (31.8) 3 (13.6) 3 (13.6) 9 (40.9)  
IV 5 1 (20) 3 (60) 0 1 (20)  

Mucinous type, n (%)      0.244 
Non-mucinous 50 11 (22) 17 (34) 9 (18) 13 (26)  
Mucinous 9 5 (55.6) 1 (11.1) 1 (11.1) 2 (22.2)  

Grade, n (%)      0.046 
Low 40 7 (17.5) 16 (40) 7 (17.5) 10 (25)  
High 19 9 (47.4) 2 (10.5) 3 (15.8) 5 (26.3)  

KRAS, n (%)      0.091 
Wild type 41 15 (36.6) 10 (24.4) 6 (14.6) 10 (24.4)  
Mutated 16 1 (6.3) 7 (43.8) 4 (25) 4 (25)  

BRAF, n (%)      !0.001 
Wild type 36 3 (8.3) 17 (47.2) 6 (16.7) 10 (27.8)  
Mutated 23 13 (56.5) 1 (4.3) 4 (17.4) 5 (21.7)  

MSI, n (%)      !0.001 
MSS 43 0 18 (41.9) 10 (23.3) 15 (34.9)  
MSI 16 16 (100) 0 0 0  

Abbreviations: CMS, consensus molecular subtype; MSI, microsatellite instability; MSS, microsatellite stable. 
* Fisher’s exact test. 
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classifier. 71.4 % concordance was observed when comparing the results from 
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CMS4 ratio of approximately 2:1:1 [11,30]. Another cohort with 237 
primary CRC tumours presented with CMS1 18 %, CMS2 47 %, CMS3 12 
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studies. Also, as described by Guinney et al., even though the four CMS 
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CMS features (e.g. both CMS2 and CMS4 features, or with CMS2 and 
CMS3 features) and other cases that could not be classified in any of the 
four groups [14]. These challenges will need to be addressed in future 
studies. 

When correlating the modified IHC-CMS groups to clinicopatholog-
ical and molecular characteristics, we found that CMS1 tumours were 
mainly right-sided, while CMS2 tumours were the predominant subtype 
in left-sided tumours. Most of the low-grade tumours were classified as 
CMS2, whereas high-grade tumours were more often CMS1. BRAF 
mutated- and MSI- tumours were mainly found as CMS1. The results are 
consistent with the clinicopathological and molecular distribution of the 
RNA-sequencing CMS groups, indicating that the modified IHC-based 
CMS groups well represent the RNA-sequencing CMS classification. 
Our results are in line with previous publications. Mooi et al. have 

reported that CMS1 was the predominant subtype in right-sided primary 
CRC tumours, while CMS2 was the predominant subtype in left-sided 
tumours in their study cohort [23]. Guinney et al. have found that 
CMS1 tumours were frequently diagnosed in females with right-sided 
lesions and presented with a higher histopathological grade. CMS2 tu-
mours were mainly left-sided, whereas CMS4 tumours tended to be 

Table 2 
The IHC-based CMS groups in relation to clinicopathological characteristics.   

Total CMS1 CMS2 CMS3 CMS4 P value* 

Frequency, n (%) 59 16 (27.1) 18 (30.5) 10 (16.9) 15 (25.4)  
Sex, n (%)      0.588 

Men 35 8 (22.9) 13 (37.1) 6 (17.1) 8 (22.9)  
Women 24 8 (33.3) 5 (20.8) 4 (16.7) 7 (29.2)  

Age, n (%)      0.129 
!59 8 0 5 (62.5) 0 3 (37.5)  
60¡69 9 2 (22.2) 3 (33.3) 2 (22.2) 2 (22.2)  
70¡79 27 7 (25.9) 9 (33.3) 4 (14.8) 7 (25.9)  
"80 15 7 (46.7) 1 (6.7) 4 (26.7) 3 (20)  

Tumour site, n (%)      0.003 
Right colon 33 15 (45.5) 5 (15.2) 6 (18.2) 7 (21.2)  
Left colon 14 1 (7.1) 8 (57.1) 1 (7.1) 4 (28.6)  
Rectum 12 0 5 (41.7) 3 (25) 4 (33.3)  

Stage, n (%)      0.067 
I 9 0 6 (66.7) 2 (22.2) 1 (11.1)  
II 23 8 (34.8) 6 (26.1) 5 (21.7) 4 (17.4)  
III 22 7 (31.8) 3 (13.6) 3 (13.6) 9 (40.9)  
IV 5 1 (20) 3 (60) 0 1 (20)  

Mucinous type, n (%)      0.244 
Non-mucinous 50 11 (22) 17 (34) 9 (18) 13 (26)  
Mucinous 9 5 (55.6) 1 (11.1) 1 (11.1) 2 (22.2)  

Grade, n (%)      0.046 
Low 40 7 (17.5) 16 (40) 7 (17.5) 10 (25)  
High 19 9 (47.4) 2 (10.5) 3 (15.8) 5 (26.3)  

KRAS, n (%)      0.091 
Wild type 41 15 (36.6) 10 (24.4) 6 (14.6) 10 (24.4)  
Mutated 16 1 (6.3) 7 (43.8) 4 (25) 4 (25)  

BRAF, n (%)      !0.001 
Wild type 36 3 (8.3) 17 (47.2) 6 (16.7) 10 (27.8)  
Mutated 23 13 (56.5) 1 (4.3) 4 (17.4) 5 (21.7)  

MSI, n (%)      !0.001 
MSS 43 0 18 (41.9) 10 (23.3) 15 (34.9)  
MSI 16 16 (100) 0 0 0  

Abbreviations: CMS, consensus molecular subtype; MSI, microsatellite instability; MSS, microsatellite stable. 
* Fisher’s exact test. 

Fig. 5. Comparison of the RNA-based and the modified IHC-based CMS 
classifier. 71.4 % concordance was observed when comparing the results from 
the RNA-sequencing-based classifier and the modified IHC-based CMS classifier 
(Weighted ! ! 0.558, P ! 0.001). 

X. Li et al.                                                                                                                                                                                                                                        

日本大腸肛門病会誌（年間 1-10 号）第 71 巻第 10 号　2018 年 10 月・山田岳史ほか426

factor β（TGF β）関連遺伝子，血管新生，matrix 
remodeling pathways が活性化している．CMS1 は
右側大腸に多く，CMS2 は左側大腸に多い2)．抗
epidermal growth factor receptor（EGFR）抗体は
CMS2 で良好な効果を示す3)．

Ⅱ　Liquid biopsy

1．Liquid biopsyとは
　Liquid biopsy は元来 circulating tumor cell
（CTC）の解析を意味していたが4)，現在ではがん患
者の体液から採取したバイオマーカーの総称として
用いられる．血液が最も多く用いられているが，尿
や胸腹水も利用可能である．DNA，RNA，microR-
NA（miRNA），タンパクなどのバイオマーカーが
CTC，circulating free DNA（cfDNA），Exosome，
血小板から採取され5)，これらを解析することで，リ
アルタイムで総合的な分子生物学的情報を得ること
ができる．cfDNAのうち，腫瘍由来のものを特に
circulating tumor DNA（ctDNA）と呼称する．
　Liquid biopsy は早期発見（スクリーニング），予
後予測，抗癌剤や分子標的薬の効果予測，治療効果
のモニタリングやminimal residual disease（MRD）
を用いた再発リスク判定，などに利用されることが
期待されている6)．また，薬剤耐性や腫瘍の増大，転
移のメカニズム解明にも有用であると考えられてい
る．
　Liquid biopsy には従来の生検と比較していくつ

かの利点がある．低侵襲性，cfDNAや CTCの半減
期が数時間と短いため治療効果を迅速に反映するこ
と，画像では同定できない微量な腫瘍の存在を同定
できる感度の高さ，が最大の特徴であり，この 3つ
の特徴によりわずかなタイムラグでリアルタイムな
分子生物学的情報をもたらす．これらの特徴を生か
し，組織生検では把握することのできない heteroge-
neity を把握7)したり，画像診断では同定できない
MRDを同定したりすることで，大腸癌治療成績を
劇的に改善させる可能性を有する．
　heterogeneity はがんの難治性および薬剤耐性の
原因の 1つである．腫瘍内にはGenomic profile の
異なる腫瘍細胞が混在し，また浸潤や転移あるいは
治療により新たな変異を獲得する（genomic evolu-
tion）．つまり heterogeneity には空間的なものと時
間的なものがある．空間的 heterogeneity には腫瘍
内の heterogeneity と腫瘍間（原発巣と転移巣また
は転移巣と転移巣）heterogeneity があり，時間的
heterogeneity は薬剤投与による分子生物学的変化
が主たる原因である．
　肝転移巣や肺転移巣から繰り返し生検することの
リスクが高いため，空間的・時間的 heterogeneity
を診断することは困難であったが，cfDNAや CTC
を用いた liquid biopsy により， 2つの heterogene-
ity を診断できるようになった．

分類 特長
CMS 1
（14％）

MSI ・ 変異遺伝子数が多く，マイクロサテライトが不安定
で，免疫系が活性化している
・女性の右側結腸に多い
・再発後の予後不良
・右側大腸に多く，盲腸＜上行結腸＜肝彎曲部

CMS 2
（37％）

Canonical ・WNTおよびMYCシグナル経路が活性化している
・最も予後良好であり，抗EGFR抗体の効果が高い
・ 左側結腸に多く，盲腸＜上行結腸＜肝彎曲部＜横行
結腸＜脾彎曲部＜下行結腸＜ S状結腸，直腸は下行
結腸と同頻度

CMS 3
（13％）

Metabolic ・代謝調節異常が認められる
・KRAS変異型が多い
・やや右側大腸に多い

CMS4
（23％）

Mesenchymal ・ β型形質転換増殖因子の活性，間質浸潤，および血
管新生がみられる
・やや左側大腸に多い

表 1　Consensus Molecular Subtype


