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Abstract

Introduction: Colorectal carcinoma is the third most common cancer worldwide. The usual immunophenotype of colorectal adenocar-
cinoma is CDX2 positive, CK20 positive, and CK7 negative. Aberrant expression is reported in a variety of colorectal carcinomas but its
relation to morphological variables and survival data is still unclear.

Aim: The aim of this study was to investigate the correlation between the aberrant immunostaining of colorectal carcinoma and different
clinicopathological characteristics.

Materials and methods: Immunohistochemical expression of CK20, CK7, and CDX2 was evaluated in 71 cases of colorectal carci-
noma. Statistical analysis was performed to identify correlations between the morphological characteristics and the immunoprofile of
colorectal carcinoma.

Results: Positive cytoplasmic and/or membranous signal for CK20 was observed in 66.2% of colorectal carcinomas. CK7 positive
immunostaining was seen in 7% of the cases. In terms of combined expression of CK20 and CK7, the proportion of immunoprofile
CK20+/CK7- was the highest, accounting for 46 out of 71 colorectal carcinomas, followed by CK20-/CK7-, then CK20-/CK7+ and
CK20+/CK7+. Concerning CDX2, the majority of colorectal carcinomas (87.3%) showed positive staining. Statistically significant cor-
relation was established between CDX2 expression and histologic grade and depth of tumour invasion. Loss of CK20 positivity was
associated with higher histologic grade. No association between CK7 expression and histopathologic features was established.

Conclusions: The results support the heterogeneity of colorectal cancer. Over 35% of the cases in this study showed deviations from the
expected immunoprofile. This should be taken into consideration when diagnosing colorectal carcinoma in metastatic regions.
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INTRODUCTION

Colorectal carcinoma (CRC) is the third most common
cancer worldwide after lung and prostate cancers in men
and lung and breast cancers in women. It is also the third
leading cause of cancer-related death in both sexes.[?! In
2018, colorectal carcinoma estimated 6.1% of the newly
diagnosed cancers worldwide according to Global Cancer
Statistics.!!]

The likelihood of colorectal cancers diagnosis increas-
es after the age of 40, and rises sharply after the age of 50.
Men are at a slightly higher risk for colorectal cancer than
women. Other risk factors include environmental factors,
such as nutrition, obesity, physical inactivity, smoking and
alcohol consumption, personal history of adenomatous
polyps, personal history of inflammatory bowel disease,
and inherited risk factors. Approximately 5% to 10% of col-
orectal cancers are a consequence of recognized hereditary
conditions, such as familial adenomatous polyposis (FAP)
and hereditary nonpolyposis colorectal cancer (HNPCC),
also called Lynch syndrome.[>3!

More than 90% of colorectal carcinomas are adenocarci-
nomas with its histologic variants - mucinous, signet ring
cell, medullary, micropapillary, serrated, and cribriform
comedo-type (Fig. 1). Other rare types of colorectal car-
cinomas include neuroendocrine, squamous cell, adenos-
quamous, spindle cell, and undifferentiated carcinomas.!*!

The most widely used immunohistochemical mark-
ers for colorectal carcinoma are CDX2, CK20, and CK?7.
CDX2, which is considered as a specific marker of the
intestinal epithelial cells, is positive in almost all well-dif-
ferentiated CRCs, but around 10%-20% of poorly differ-
entiated and dedifferentiated carcinomas can be weakly
positive or negative for CDX2. Cytokeratins are a group of
approximately 20 cytoskeletal proteins present in normal
epithelial cells and their expression is usually preserved in
the neoplastic cells as well. The characteristic immunopro-
file of colorectal carcinoma is CK20+/CK7—-/CDX2+ (Fig.
1). However, some primary colorectal carcinomas show
deviations from this pattern. According to the relevant lit-
erature, the CK20+/CK7- immunoprofile is expressed in
about 75%-95% of CRC, while the rest of the cases show
different profiles.>4

In the era of personalized medicine, the role of a pathol-
ogist in diagnosing CRC has greatly expanded. In addition
to histopathologic diagnosis, surgical pathologists should
provide also further prognostic parameters.

AIM

The aim of this study was to estimate the correlations
between the expression of the three immunohistochemical
markers CDX2, CK20, and CK7, and different pathological
and morphological characteristics of CRC and to analyse
the diagnostic, prognostic, and predictive role of the differ-
ent patterns of CK20/CK7 immunoexpression.

CK20, CK7 and CDX2 in Colorectal Carcinoma

MATERIALS AND METHODS

Case selection and tissue sampling

Paraffin-embedded tissue sections were collected from
archival material from 71 patients who underwent hemi-
colectomies due to colorectal cancer between January 2017
and December 2018. The materials were reviewed by two
pathologists to confirm the diagnosis and to evaluate the
histological type, differentiation, depth of invasion, and
lymph node status. WHO criteria were used for histologi-
cal typing. Postoperative pathologic staging was performed
according to the American Joint Committee on Cancer
(AJCC) TNM staging system.

Immunohistochemistry

For immunohistochemical analysis, 4-um-thick sections
were cut from blocks of paraffin-embedded tissue. The an-
tibodies used for the experiment are as follows: anti-CK 20
(SP33, Ventana, Roche) Rabbit Monoclonal Primary Anti-
body, anti-CK 7 (SP52, Ventana, Roche) Rabbit Monoclonal
Primary Antibody and nuclear protein CDX-2 (EPR2764Y,
Ventana, Roche). An automatic immunostainer (Ventana
BenchMark GX) was used following the manufacturer’s
protocols.

Interpretation of immunohistochemical
staining

For interpretation of the immunohistochemical results, a
scale from 0 to 3+ was used, depending on the intensity of
cytoplasmic and/or membranous signals for CK7, CK20,
and nuclear signals for CDX2 relatively.

« 0: there is no evidence of cytoplasmic/membranous
or nuclear expression;

o 1+: there is weak cytoplasmic/membranous or nucle-
ar expression in tumour cell, seen at high magnifica-
tion x20;

o+ 2+: there is intermediate cytoplasmic/membranous
or nuclear expression in tumour cells, seen at low
magnification x10;

o 3+ - there is strong cytoplasmic/membranous or
nuclear expression in tumour cells, seen at low mag-
nification x4.

For statistical purposes, the absent (0) and weak (1+)

signals were considered negative, whilst intermediate (2+)
and strong (3+) signals were considered positive.

Statistical analysis

SPSS v. 19 was used to analyse the data statistically in this
study. A p value <0.05 was considered statistically signif-
icant. Descriptive statistics were used for analysis of the
clinicopathological parameters of the patient’s group. Fish-
er’s exact test was used to analyse correlations between
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CDX2, CK20, and CK7 expression and tumour location,
grade, depth of invasion, lymph nodes. The coefficient of
correlation of Kendall's tau-b (T,) was used as an alterna-
tive of the Fisher’s exact test.

RESULTS

Clinicopathological parameters of the
patients

Seventy-one patients were included in the study (38 men
and 33 women). Their mean age was 65x11 years. The
majority of tumours were of the conventional type ade-
nocarcinomas with slight predominance for the left colon
localization (Fig. 1). The relevant data are summarized in
Table 1.

CK20, CK7, and CDX2 immunostaining
profile

Positive cytoplasmic and/or membranous signal for CK20
was observed in 66.2 % of colorectal carcinomas (Fig. 1).
CK?7 positive immunostaining was seen in 7% of the cas-
es. In terms of combined expression of CK20 and CK7, the
proportion of immunoprofile CK20+/CK7- was the high-
est, accounting for 46 out of 71 colorectal carcinomas, fol-
lowed by CK20-/CK7-, then CK20-/CK7+ and CK20+/
CK7+, with respectively 20, 4, and 1 cases.

Relation between CDX2 and
histopathologic parameters of
colorectal carcinomas

Concerning CDX2, the majority of colorectal carcinomas
(87.3%) showed positive staining.

Figure 1. A. A conventional type of colorectal adenocarcinoma; B. Mucinous colorectal adenocarcinoma; C. Signet-ring cell colorectal

adenocarcinoma; D. Negative CK7 immunostaining; E. Positive membranous signal for CK20, outlining the cell’s contours (arrows);

F. Positive nuclear staining for CDX2 (arrows).
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Table 1. Clinicopathological parameters of patients (n=71)

Parameters
Sex
Male 38 (53.5%)
Female 33 (46.5%)
Age (years)
Mean 65 years
Minimum 37 years
Maximum 83 years
Standard deviation 11 years
Tumour location
Right colon 24 (33.8%)
Left colon 41 (57.7%)
Missing data 6 (8.5%)
Histologic type
Conventional adenocarcinoma 64 (90.1%)
Mucinous adenocarcinoma 4 (5.6%)
Signet ring cell 1(1.4%)
Medullary adenocarcinoma 1(1.4%)
Papillary adenocarcinoma 1(1.4%)
Grade
Well-differentiated 8 (11.3%)

Moderately-differentiated 53 (74.6%)

Poorly-differentiated 10 (14.1%)

Primary tumour

T1 0

T2 3 (4.2%)
T3 39 (54.9%)
T4 23 (32.4%)
Missing data 6 (8.5%)

Nodal metastasis

Positive 50 (21.1%)

Negative 15 (70.4%)

Missing data 6 (8.5%)
Distant metastasis

Positive 12 (16.9%)

Negative 24 (33.8%)

Missing data 35 (49.3%)

Detailed data concerning the correlation between CDX2
immunostatus and different histopathologic features of col-
orectal carcinomas are shown in Table 2. We used Fisher’s
exact test for non-parametric variables and then Kendall’s
tau-b correlation coefficient for confirmation of the results.
A significant correlation was established between CDX2
expression and histologic grade of colorectal carcinomas
(p=0.003; correlation coeflicient = —0.328), and between
CDX2 expression and depth of tumour invasion (p=0.006;

CK20, CK7 and CDX2 in Colorectal Carcinoma

correlation coefficient = —0.321 ). We observed no statis-
tical significant difference between CDX2 immunostatus
and tumour location and nodal metastases.

Relation between CK20 and
histopathologic parameters of
colorectal carcinoma

Table 3 shows the detailed data derived from the Fisher’s
exact test, concerning the correlation between CK20 im-
munostatus and different histopathologic features of CRC.
However, significant correlation was found between CK20
expression and the histologic grade of colorectal carci-
nomas using the Kendall’s tau-b correlation coefficient
(T, = —0.323, p=0.002). We observed no statistical signif-
icant difference between CK20 immunostatus and tumour
location, depth of invasion, and nodal metastases.

Relation between CK7 and
histopathologic parameters of
colorectal carcinoma

We found no statistically significant correlations between
CK7 immunoexpression and the different histopathologi-
cal features.

DISCUSSION

Immunohistochemical methods are used on a daily basis
for identification of the primary site of poorly differenti-
ated metastatic tumours. In our study, we investigated the
expression of three immunohistochemical markers, CDX2,
CK20, and CK7, in association with different clinicopath-
ological parameters in colorectal carcinomas. CDX2 is a
transcription factor involved in the proliferation and dif-
ferentiation of intestinal epithelial cells and its expression
in adenocarcinomas of the gastrointestinal tract increases
from esophagus to rectum. Cytokeratins are cytoplasmic
intermediate filaments found in epithelial cells. They are
distributed in a tissue-specific manner and usually carcino-
mas have a cytokeratin profile similar to that of the normal
tissue of their origin. The two cytokeratin markers most
commonly used for identification of the primary site of a
tumour metastasis, are CK20 and CK7. CK7 is expressed
in many ductal and glandular epithelia, such as these of the
respiratory tract, mammary gland, endometrium, ovaries,
biliary tract, apocrine and eccrine glands, urothelium and
mesothelium. CK20 is specific for gastrointestinal tract
epithelium, urothelium, and Merkel cells.

Previous studies have reported the CDX2 positive ex-
pression in colorectal carcinomas to be around 90%, cy-
tokeratin 20 positive expression — between 62% and 96%
in different studies, and for cytokeratin 7 — up to 17%.!411]
Our results are consistent with these results. It is notice-
able that there is a wide variation in the percentage of CK20
positivity. This can be due to differences in the studied pop-
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Table 2. Correlation between CDX2 immunostatus and clinicopathologic characteristics of colorectal carcinomas

Parameters CDX2 retained Loss of CDX2 expression fF‘i,:llllelle"s exact test)
Localization 1.00
Right colon 21 (88.1%) 3 (12.5%)
Left colon 35 (85.4%) 6 (14.6%)
Grade 0.028
Well-differentiated 8 (100%) 0 (0%)
Moderately-differentiated 48 (90.6%) 5(9.4%)
Poorly-differentiated 6 (60%) 4 (40%)
T category 0.013
T2 3 (100%) 0 (0%)
T3 37 (94.9%) 2 (5.1%)
T4 16 (69.5%) 7 (30.4%)
Nodal metastases 0.672
Present 42 (84 %) 8 (16%)
Absent 14 (93.3%) 1 (6.7%)

Table 3. Correlation between CK20 immunostatus and clinicopathological characteristics of colorectal carcinomas

Parameters CK20-retained Loss of CK20 expression fF‘iI:li:le"s exact test)
Localization 1.00
Right colon 16 (63.7%) 8 (36.3%)
Left colon 27 (65.9%) 14 (34.1%)
Grade 0.108
Well-differentiated 7 (87.5%) 1(12.5%)
Moderately-differentiated 36 (67.9%) 17 (32.1%)
Poorly-differentiated 4 (40%) 6 (60%)
T category 0.502
T2 1(33.3%) 2 (66.6%)
T3 26 (66.6%) 13 (33.3%)
T4 16 (59.6%) 7 (30.4%)
Nodal metastases 0.757
Present 34 (68 %) 16 (32%)
Absent 9 (60%) 6 (40%)

ulations, variations in immunohistochemical procedures,
and interpretation criteria.

In terms of combined expression for CK20 and CK?7,
the most common immunoprofile is CK20+/CK7-, but
up to 20% of the colorectal carcinomas may exhibit vari-
ations.”] In our study, almost 65% of the cases presented
with the typical profile. The second most common pro-
file was CK20—/CK7- (28.2%), followed by CK20-/CK7+
(5.6%). Only one colorectal carcinoma had CK20+/CK7+
immunostatus. The results are similar to those reported
by previously conducted studies.”! It is worth noting that
only four of the cases with an aberrant immunoprofile for

CK20and CK7 havelost their signal for CDX2. This finding
emphasises the fact that CDX2 is the immunomarker with
the highest sensitivity and specificity for colorectal carci-
noma and reinforces pre-existing recommendations that
it can be used alone for confirmation of the diagnosis of
metastatic CRC, whilst CK20 and CK20 should always be
used together in a panel.l’)

In this study, CDX2 staining was lost in 12% of col-
orectal carcinomas. It is still unclear what are the specific
reasons associated with the decrease in expression for this
marker. In a recent study, Olsen et al. indicated correlation
between loss of CDX2 and tumour grade, stage, right-sided
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tumour location, MMR-deficiency, CIMP-high, and BRAF
mutations.%) Lugli et al. found relationship between the
loss of CDX2 expression and higher T stage, N stage, tu-
mour grade, and proximal location in CRCs.”! Bae et al.
evaluated the expression of CDX2 in 713 cases of CRCs and
established association between downregulation in CDX2
expression and proximal location, infiltrative growth, ad-
vanced T, N, M stages, and poor differentiation. They also
stated that patients with loss of CDX2 showed worse over-
all survival.!®l In our cases, we estimated a weak downhill
relationship between CDX2 expression and histologic grade
(p=0.003, Kendall’s tau-b correlation coefficient = —0.328)
and T pathologic stage (p=0.006, Kendall’s tau-b correla-
tion coefficient = —0.321). We did not find statistically
significant correlation with proximal location, N and M
pathologic stages.

For CK7, 7% of the colorectal carcinomas included in
our study showed positive staining. We estimated no sta-
tistically significant relationships between CK7 positive
expression in CRCs and any clinicopathological features.
However, in a recent study Fei et al. demonstrated that CK7
positive tumours were more likely to have strong metastatic
and invasive features. The researchers found association of
CK7 expression and location, differentiation, tumour stage,
and lymph nodes metastases. It is interesting to note that
CK7 positive cells were mainly distributed at the edge of
cancer nests, at the invasion front, in tumour buds, in intra-
vascular tumour emboli, and in tumours with micropapil-
lary pattern.l”’

Our findings for CK20 positivity (66.2%) are in agree-
ment with some previous studies. Bayrak et al. have
described statistically highly significant relation between
CK20 expression and anatomical site of the tumour pro-
cess.!! Park et al. observed an association between CK20
loss, higher tumour grade, and right-sided location.['!l In
our study, we did not find statistically significant correlation
of CK20 staining and location of tumour process, T stage,
nodal and distant metastases. However, we established a
weak downhill relationship between CK20 expression and
histologic grade (p=0.002, Kendall’s tau-b = -0.323).

CONCLUSIONS

The present study showed that loss of CDX2 expression is
associated with histologic grade and depth of tumour inva-
sion (or T pathologic stage.) CK20 positivity is associated
with histologic grade. No association between CK7 expres-
sion and histopathologic features was established. Colorec-
tal carcinomas were divided in 4 classes depending on their
positivity for CK20 and CK7. In 35.3% of the cases devia-
tions from the standard CK20+/CK7- immunoprofile were
observed. Aberrant cytokeratin immunostaining should

CK20, CK7 and CDX2 in Colorectal Carcinoma

always be considered when used in diagnosis of metastatic
colorectal carcinoma.

Our results may help in demonstrating the heterogene-
ity of colorectal carcinomas. Further investigation on big-
ger cohorts is needed for better understanding the correla-
tions between different immunohistochemical cytokeratin
profiles and morphologic, clinicopathologic, molecular,
and prognostic characteristics of colorectal carcinomas.
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Pe3tome

BBepaeHue: KonopexranpHas KapIjyIHOMA SIBI€TCS TPEThUM Hanmbomee pacipOCTPAHEHHBIM BIAOM paka B Myipe. OOBIYHbII IMMY-
HO(EHOTUI KOTIOPeKTa/IbHOM aleHOKAPLMHOMBI Ho/moxuTenbHblil 1o CDX2, monoxutenpusiit mo CK20 n orpuiarenshsiit no CK7.
CoobaeTcst 06 abeppaHTHOI IKCIPECCHUN B PA3IMUHbIX KOIOPEKTaIbHBIX KapIIMHOMAX, HO €€ CBA3b ¢ MOP(OIOrNIecKUMY ITepeMeH-
HBIMI U TaHHBIMM O BBDKMBAHUM O CUX IIOP HEsCHA.

Lenb: Ienpio 3TOro 1ccaefoBaHusA ObIIO U3ydeHME KOPPEIALMU MeXAY abeppaHTHBIM MMMYHOOKPAIINBAaHMEM KOIOPEKTaIbHOI
KapIMHOMBI I Pa3/IMYHBIMI KIMHYKO-IIATONIOTMYECKVIMIY XapaKTePUCTUKAMI.

Matepuanbl u metoabl: ViMmyHorncroxummdeckas sxcnpeccust CK20, CK7 u CDX2 oneHnBanach B 71 caydae KOIOpPeKTaIbHON
KapIMHOMBIL. /IS BBLAB/IEHNS KOPPE/LALMU MEXAY MOP(OIOrndeckuMm XxapakTepycTUKaMI U IMMYHOIIPO(MIeM KOITOPEKTaIbHON
KapLMHOMBI ObIT IPOBEREH CTATUCTUIECKIIT aHATN3.

Pesynbratbl: [To/o)XuTeNbHBbLI LUTOMIA3MATIIeCKUIT 1/ 1y MeMOpauHbii curaan fist CK20 Habmopancs B 66.2 % KOMOPEKTaIbHBIX
kapuuHoM. [TonoxuTenbHoe nMMyHOOKpamyBanue Ha CK7 Habmoganocs B 7% caydaeB. UTo KacaeTcss KOMOMHMPOBAHHOI 9KCIIpec-
cun CK20 u CK7, nonsa nmmynonpoduns CK20+/CK7- 6p1a caMoit BBICOKOIL, COCTaBIsIsA 46 U3 71 KOMOPeKTa/lIbHOI KapLTHOMBI, 3a
koropeimu crefoBanu CK20-/CK7-, sarem CK20-/CK7+ 1 CK20+/CK7+. Yto kacaercss CDX2, T0 60NBIINHCTBO KOMTOPEKTAIbHBIX
KapuuHOoM (87.3%) moKasay IONOKUTebHOe OKpalllBaHue. Bblla ycTaHOB/IEHa CTATHCTUYECKN 3HAYMMAst KOPPETIALIUS MeX/Y 9KC-
npeccueit CDX2 1 TMCTOMOTMYECKOl CTeleHbIo 1 Iy6uHoit nHBasun omyxomn. Iloteps nonoxutensHoct CK20 6b11a cBsA3aHa ¢
6oree BBICOKOIT CTETIEHbIO TMCTONIOINYECKOIT OLieHKI. He 6bIIO yCTaHOB/IEHO HUKAKOI CBsI3Y MexAy akcipeccuert CK7 u rucromaro-
JIOTUIECKUMU OCOOEHHOCTAMI.

3ak/oueHne: PesybTaThl HOATBEP)KAAIOT IeTEPOreHHOCTh KOJMIOPEKTa/IbHOTO paka. boree 35% ciryyaeB B 9TOM MCC/IeJOBAHUM IIOKa-
3aJIM OTK/IOHEHVA OT O>KVJAeMOTr0 MMMYHHOTO Mpodus. ITo CefyeT YUYUTHIBATD IIPY JYATHOCTUKE KOMOPEKTAIBHOTO paKa B MeTa-
CTaTMYeCKNX 06TacTAX.

KnwoueBble cnoBa
CRC, IHC, CK20, CK7, CDX2
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