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Background: The purpose of this study is to investigate the correlation between cytokeratin 7 (CK7) and
marker of proliferation Ki67 protein expression and clinical characteristics and prognosis of patients with
cervical adenocarcinoma after surgery.

Methods: A total of 126 patients with cervical adenocarcinoma treated by surgery in our hospital from June
2011 to September 2015 were enrolled in this study. Immunohistochemistry (IHC) was used to detect the
expression of CK7 and Ki67 in 126 cases of cervical adenocarcinoma tissues. The chi-square (1) test was used
to compare the relationship between the positive expression rate of CK7 or Ki67 and clinicopathological
features. Kaplan-Meier method was used to analyze the survival of different protein expression groups and
Cox proportional hazards regression model was used to analyze the risk factors affecting the prognosis.
Results: The positive rate of CK7 was correlated with muscle invasion, vascular invasion, differentiation,
and lymph node metastasis (all P<0.05). The positive expression rate of Ki67 was related to the degree
of myometrial invasion and International Federation of Gynecology and Obstetrics (FIGO) stage (both
P<0.05). Both CK7 and Ki67 may be independent risk factors for the prognosis of patients with cervical
adenocarcinoma after surgery (both P<0.05), and their high expression heralds worse prognosis.
Conclusions: The CK7 and Ki67 proteins may be key regulatory factors in the development of cervical
adenocarcinoma after surgery, and their overexpression may lead to worse prognosis. Both CK7 and Ki67

may provide new markers for prognosis evaluation of cervical adenocarcinoma.
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Introduction As the most populous developing country in the world,

. . . there are 130,000 new cases of cervical cancer every year in
Cervical cancer is one of the most common gynecological

malignancies, ranking the fourth in female malignancies, China (3). Cervical adenocarcinoma is the main pathological

and is more common in developing countries (1). According type of invasive cervical cancer after cervical squamous

to the data in 2018, there were 569,000 new cases of cervical
cancer and 311,000 cervical cancer deaths in the world, of
which more than 85% were in developing countries (2).
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cell carcinoma. A worldwide epidemiological survey
found that the incidence rate of cervical adenocarcinoma

increased annually, and its proportion in cervical cancer
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patients increased from 5% to 20-25% (4). Multiple studies
have shown that adenocarcinoma accounts for a higher
proportion of cervical cancer than other pathological
types in young patients (5-7). About 10% of cervical
adenocarcinoma is not accompanied by human papilloma
virus (HPV) infection, and cervical adenocarcinoma
in situ and cervical adenocarcinoma lesions mostly
occur in the cervical canal and are segmental and focal.
Therefore, cytological specimens are not easy to collect, the
pathological diagnosis of adenocarcinoma is more difficult
than that of squamous cells, and most patients have already
progressed to an advanced stage when diagnosed (8,9).
Compared with cervical squamous cell carcinoma, cervical
adenocarcinoma generally has worse prognosis, higher
recurrence (10), and higher invasion and migration ability,
which is a serious threat to women’s life and health (11).
Therefore, it is of great significance to study the prognostic
factors and mechanism of cervical adenocarcinoma. The
proliferation, differentiation, and metastasis of cancer
cells are a complex reaction process of multi-gene, multi-
stage, and multi-step interaction (12). Cytokeratin 7 (CK?7)
is a low molecular cytokeratin that is located on or near
the surface of the body in the upper cortex. It is expressed
differently in different stages of cell differentiation and
in different cell types, and is usually regarded as the basic
molecular marker protein of epithelial differentiation.
Therefore, it can express or partially express the expression
pattern of cytokeratin molecules in the cells from which
it originated to study the origin and metastasis of tumors.
CK?7 is mainly expressed in the cytoplasm of cells and is
a marker of adenoid differentiation. It mainly exists in
glandular epithelium and transitional epithelium, but not in
squamous epithelium. It is often used as a marker of cervical
adenocarcinoma, ovarian cancer, renal cell carcinoma, or
transitional cell carcinoma (13). A large sample study found
that the expression rate of CK7 in adenocarcinoma was
about 97.3% (14). Ki67 is an ideal molecular marker to
express the proliferative activity of tumor cells. As a nuclear
antigen associated with proliferation cells, Ki67 is expressed
in ovarian, breast, lung, esophageal cancer and other tumor
cells, and the level of its expression is closely related to the
degree of malignancy of tumors. The higher the expression
level of Ki67, the more likely the early invasion and
metastasis of tumor may occur (15).

Therefore, this study recruited patients with
postoperative cervical adenocarcinoma in our hospital as the
participants to explore the correlation between CK7/Ki67
and different clinicopathological characteristics/prognosis
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of patients with postoperative cervical adenocarcinoma, so
as to provide new markers for the prognosis evaluation of
cervical adenocarcinoma. We present the following article
in accordance with the REMARK reporting checklist
(available at https://dx.doi.org/10.21037/apm-21-1974).

Methods
Participants

A total of 126 patients with cervical adenocarcinoma who
underwent surgical treatment in our hospital from June
2011 to September 2015 were enrolled. All participants
were diagnosed with cervical adenocarcinoma by computed
tomography (CT), magnetic resonance imaging (MRI),
color Doppler ultrasound, and histopathological biopsy
according to the relevant diagnostic criteria of “Guidelines
for the diagnosis and treatment of cervical cancer (fourth
edition)” (16). The inclusion criteria were as follows:
surgical method was radical hysterectomy + bilateral
ovariosalpingectomy + radical pelvic lymphadenectomy
+ abdominal para-aortic lymphadenectomy; no previous
history of gynecologic malignant tumor surgery; no
preoperative radiotherapy or chemotherapy; follow-up
records of more than 5 years were available. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by Jiangsu Cancer Hospital
(No.: 20110584). All participants and their families were
aware of the study, and all participants provided written
informed consent before commencement of the study.

Data collection

Clinicopathological data collection

The age, tumor diameter (<4 cm/>4 cm), interstitial
invasion (<1/2 muscularis/>1/2 muscularis), vascular
invasion (Y/N), degree of differentiation (low/moderate/
high), International Federation of Gynecology and
Obstetrics (FIGO) stage (stage Ia2-1Ia2), and lymph node
metastasis (Y/N) of patients with cervical adenocarcinoma
after surgery were collected through the hospital medical
record system. All cases were followed up completely, and
the main follow-up methods were telephone combined with
patients’ reexamination in hospital. The time of operation
was taken as the start time of survival, and death was taken
as the end event. The time interval between the end event
time and the start time was defined as the total survival
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time of patients. All participants were followed up until
September 2020, and the follow-up rate was 100%.

A total of 126 patients with cervical adenocarcinoma were
included in this study. The age of onset was 35-58 years old,
with an average age of 46.31+7.82 years old, including
58 cases <46 years old and 68 cases >46 years old. There
were 89 cases with tumor diameter <4 cm and 37 cases
with tumor diameter >4 cm; 87 cases infiltrated less than
1/2 mesenchyme and 39 cases infiltrated more than 1/2
mesenchyme; 36 cases of vascular invasion and 90 cases
without vascular invasion; 28 cases with high differentiation
and 98 cases with moderate and low differentiation. A total
of 96 cases were in stage I and 30 cases in stage II (20 cases
in Ia2, 56 cases in stage Ibl, 20 cases in stage Ib2, 21 cases
in stage Ilal, and 9 cases in stage IIa2) in FIGO stage;
33 cases with lymph node metastasis, and 93 cases without
lymph node metastasis.

Light microscope observation

All samples were fixed with 4% neutral formaldehyde,
dehydrated, paraffin embedded, sliced into 4 um thick
sections, stained with hematoxylin and eosin (HE) and
observed under a light microscope. Differentiation degree
of common adenocarcinoma was classified as follows:
highly differentiated adenocarcinoma was mainly composed
of glandular duct structure, with solid area <5%; low
differentiated adenocarcinoma, solid region >50%; and
medium differentiated adenocarcinoma was between the
others.

Expression of CK7 and Ki67 detected by
immunohistochemistry (IHC)

The cervical adenocarcinoma tissues of all participants were
extracted, and the expression of CK7 and Ki67 was detected
by IHC. The staining results were scored separately by
two experienced clinicians according to the same scoring
criteria without knowledge of the section data. The double
scoring method was used to judge the results. A total of 10
clear visual fields were selected from each slice to count the
number of positive staining cells. The staining intensity was
calculated according to the staining characteristics of most
cells (the staining depth was compared with the background
staining situation): no staining was 0, light yellow was 1,
brown-yellow was 2, and brown was 3. According to the
ratio of the number of positive cells [i.e., for each case, the
number of positive cells of 5 high power microscopic fields
(100x) were randomly observed], the number of positive
cells less than 25% was recorded as 0; 15-50% was scored

© Annals of Palliative Medicine. All rights reserved.

Wau et al. The expression of Ki67 and CK?7 in cervical cancer

as 1 point; 50-75% was scored as 2 points; and >75%
was recorded as 3 points. The integral product of the two
groups was calculated, and the integral <3 was taken as
negative, and >3 as positive.

Statistical analysis

The software SPSS 26.0 (IBM Corp., Chicago, IL, USA)
was used to analyze the data. The counting data were
expressed by percentage (%), and the differences were
compared by chi-square (i’) test. The )’ test was also used
to compare the relationship between the positive expression
rates of CK7 and/or Ki67 and different clinicopathological
features. Kaplan-Meier method was used to analyze the
survival of the two groups with different protein expression,
and log-rank method was used to test the survival
difference between the two groups. Cox proportional
hazards regression model was used to analyze the risk
factors influencing the prognosis of patients with cervical
adenocarcinoma after surgery. A P value <0.05 was deemed
statistically significant.

Results
Microscopic examination results

The results of microscopic examination showed that all
kinds of abnormal cervical glands were more abundant than
normal or benign cervical glands infiltrating in the cervical
stroma. According to the World Health Organization
(WHO, 2014) diagnostic criteria for pathological and
genetic classification of female reproductive system tumors,
the tumors were classified histologically. In this study, there
were 88 cases (69.84%) of common adenocarcinoma, 9 cases
(7.14%) of endometrioid adenocarcinoma, 9 cases (7.14%)
of intestinal mucinous adenocarcinoma, 7 cases (5.56%) of
serous adenocarcinoma, 6 cases (4.76%) of adenocarcinoma
with neuroendocrine carcinoma, and 7 cases (5.56%) of
other types of adenocarcinomas detected by microscopic
examination (Figure I).

IHC staining results

The results of IHC staining showed that CK7 protein was
mainly cytoplasmic staining, while Ki67 protein was nuclear
staining. The positive rates of CK7 and Ki67 protein in
neoplastic foci were 74.60% and 69.84%, respectively

(Figure 2).
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Figure 1 The results of microscopic examination of cervical adenocarcinoma (crystal violet staining, 10x10). (A) Common adenocarcinoma;

(B) endometrioid adenocarcinoma; (C) intestinal mucinous adenocarcinoma; (D) serous adenocarcinoma; (E) adenocarcinoma with

neuroendocrine carcinoma.

Relationship between CK7, Ki67 positive expression
and clinicopathological features of postoperative cervical
adenocarcinoma

There was no significant difference in the positive
expression rate of CK7 among different ages, tumor
diameter, and FIGO stage of cervical adenocarcinoma
patients (all P>0.05), but the positive expression rate was
correlated with interstitial invasion, vascular invasion,
degree of differentiation, and lymph node metastasis (all
P<0.05). The CK7 positive expression rate in participants
with >1/2 myometrial invasion was higher than that in
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those with <1/2 myometrial invasion (x’=9.34, P=0.002);
Compared with patients without vascular invasion, CK7
positive rate was higher in participants with vascular
invasion (x’=5.43, P=0.020), and CK7 positive rate in
participants with low differentiation was higher than that
in those with high differentiation (x’=4.10, P=0.043).
Compared with participants without lymph node metastasis,
CK?7 positive expression rate in those with lymph node
metastasis was higher (1'=6.27, P=0.012) (Table 1).

There was no significant difference in positive expression
rate of Ki67 among different age, tumor diameter, vascular
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Figure 2 THC staining of CK7 and Ki67 in cervical adenocarcinoma tissues. (A) IHC staining (10x10) of CK7 protein in cervical

adenocarcinoma tissue shows positive; (B) IHC staining (10x10) of CK7 protein in cervical adenocarcinoma tissue shows negative; (C) IHC

staining (10x10) of Ki67 protein in cervical adenocarcinoma tissue shows positive; (D) THC staining (10x10) of Ki67 protein in cervical

adenocarcinoma tissue shows negative. IHC, immunohistochemical; CK7, cytokeratin 7.

invasion, differentiation, and lymph node metastasis (all
P>0.05); Compared with participants with <1/2 myometrial
invasion, those with >1/2 myometrial invasion had higher
positive expression rate of Ki67, and the difference was
statistically significant (x’=10.62, P=0.001); The positive
expression rate of Ki67 in participants with FIGO stage 11
was higher than that in those with FIGO stage I (x’=5.29,
P=0.021) (Table I).

Cox regression analysis on prognosis of postoperative
cervical adenocarcinoma

Cox regression was used to analyze the factors influencing
the prognosis of cervical adenocarcinoma patients after
operation. The results of univariate and multivariate
analysis both showed that vascular invasion, CK7, and
Ki67 may be independent risk factors for prognosis of
cervical adenocarcinoma patients after operation (all
P<0.05). Multivariate analysis showed that the prognosis of
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participants with vascular invasion was worse than that of
those without vascular invasion [hazard ratio (HR) =1.43,
95% confidence interval (CI): 1.15 to 2.67, P<0.001].
This study further found that patients with positive CK7
and Ki67 expression had a worse prognosis than those
with negative CK7 and Ki67 expression (CK7: HR =2.26,
95% CI: 1.60 to 3.15, P<0.001; Ki67: HR =1.63, 95% CI:
1.39 to 2.70, P<0.001) (Tble 2).

Correlation between vascular invasion and overall survival
(OS) rate of postoperative cervical adenocarcinoma patients

Results of Kaplan-Meier survival analysis showed that the
median survival time of participants with vascular invasion
was 35.86 (33.15-38.57) months, lower than the 44.36
(41.96-46.77) months of patients without vascular invasion.
The OS was better in participants without vascular
invasions than in those with vascular invasions (P<0.001)
(Figure 3).
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Table 1 Difference of CK7 and Ki67 positive expression in cervical adenocarcinoma with different clinicopathological features

Variables Number of cases CK7 positive (n=94) Ki67 positive (n=88)
(n=126) N (%) r P value N (%) » P value

Age (years) 3.77 0.052 0.04 0.848
<46 58 48 (82.76) 41 (70.69)
>46 68 46 (67.65) 47 (69.12)

Tumor diameter (cm) 0.39 0.530 0.35 0.555
<4 89 65 (73.03) 60 (67.42)
>4 37 29 (78.38) 28 (75.68)

Interstitial infiltration 9.34 0.002 10.62 0.001
<1/2 interstitium 87 58 (66.67) 53 (60.92)
>1/2 interstitium 39 36 (92.31) 35 (89.74)

Vascular invasion 5.43 0.020 3.77 0.052
Yes 36 32 (88.89) 30 (83.33)
No 90 62 (68.89) 58 (64.44)

Differentiation degree 410 0.043 0.53 0.468
Medium and low differentiation 98 69 (70.41) 70 (70.40)
High differentiation 28 25 (89.29) 18 (60.71)

FIGO stage 1.58 0.208 5.29 0.021
Phase | 96 69 (71.88) 62 (64.58)
Phase Il 30 25 (83.33) 26 (86.67)

Lymph node metastasis 6.27 0.012 3.05 0.081
No 93 64 (68.82) 61 (65.59)
Yes 33 30 (90.91) 27 (81.82)

CK?7, cytokeratin 7; FIGO, International Federation of Gynecology and Obstetrics.

Table 2 Cox regression analysis on prognosis of postoperative cervical adenocarcinoma

Univariate Multivariate
Variables
HR 95% Cl P value* HR 95% Cl P value*
Vascular invasion 1.90 1.29-2.78 <0.001 1.43 1.15-2.67 <0.001
CK7 2.14 1.38-3.31 <0.001 2.26 1.60-3.15 <0.001
Kie7 1.67 1.11-2.51 <0.001 1.63 1.39-2.70 <0.001

* indicates that confounders (age) have been corrected. HR, hazard ratio; Cl, confidence interval; CK7, cytokeratin 7.

Relationship between positive expression of CK7 and Ki67 expression was 46.27 (43.56-48.98) months, which was
and survival vate of cervical cancer patients after operation higher than the 36.78 (34.48-39.08) months of those with
Results of Kaplan-Meier survival analysis showed that positive CK7 expression. Patients with negative CK7
the median survival time of patients with negative CK7 expression had better OS than those with positive CK7

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2021;10(9):9544-9552 | https://dx.doi.org/10.21037/apm-21-1974



9550

Survival functions

Vascular
Invasion
~Yes

—+-No-censored
|+ Yes-censored

Cum survival

0 10 20 30 40 50 60
Follow-up time (month)
Figure 3 Correlation between vascular invasion and OS of

postoperative cervical adenocarcinoma patients. OS, overall survival.

Survival functions

CK?7 expression

- "Negative
~Positive

—+Negative-censored
+Positive-censored

o
()
A
o
o

Cum survival
o ¢
N
N
"

o
)
;
:
o
5

0.07

0 10 20 30 40 50 60
Follow-up time (month)

Figure 4 Correlation between CK7 expression and OS of
postoperative cervical adenocarcinoma patients. CK7, cytokeratin

7; OS, overall survival.

Survival functions

1.0 Ki67 expression
. T |-—Negative
N ~Positive
Sy —+Negative-censored
*—L +-Positive-censored
0.8 H ‘
Ll
s \
2 0.67 L& &
b 1
5 1
» +
£ 0.4 h
=1 *
S EL
0.29 Lo
L‘ 1
L
0.0 §

0 10 20 30 40 50 60
Follow-up time (month)
Figure 5 Correlation between Ki67 expression and OS of
postoperative cervical adenocarcinoma patients. OS, overall

survival.

© Annals of Palliative Medicine. All rights reserved.

Wau et al. The expression of Ki67 and CK?7 in cervical cancer

expression (P<0.001) (Figure 4). This study also found that
the median survival time of patients with negative Ki67
expression was 43.36 (40.10-46.62) months, which was
higher than the 37.42 (35.03-39.80) months of those with
positive Ki67 expression, and the expression of Ki67 was
correlated with patient survival (P<0.001) (Figure 5).

Discussion

Cervical cancer is a common malignant tumor in Chinese
women. In recent years, the incidence of cervical squamous
cell cancer has decreased due to the extensive screening of
cervical cancer and precancerous lesions, which especially
apply to cervical squamous cell cancer. However, the incidence
of cervical adenocarcinoma has increased, accounting for
about 10-20% of new cervical cancer cases every year; in
particular, the incidence of patients aged under 35 years has
increased significantly, and the prognosis is poor (17). Under
the premise of no obvious clinical symptoms at early stage
and high recurrence rate, it is of great clinical significance to
identify molecular markers with strong specificity and high
sensitivity, which can aid the diagnosis of cancer as early
as possible and improve the prognosis and survival rate of
cervical adenocarcinoma patients.

The marker CK7 is an alkaline cytokeratin with a
molecular weight of 54 kDa. It is expressed in different parts
of adenocarcinoma, and its expression pattern can be used
to identify the primary site of metastasis adenocarcinoma.
Studies have shown that CK7 is a positive promoter in
the progression of malignant tumors, and its expression
in malignant tumor tissue is higher than that in normal
tissues (18,19). The change of its expression concentration
can change the synthesis of cytoskeleton components or
the ability of cell deformation, which increases the risk
of breaking through the basement membrane during the
early development of cancer cells, leading to the change
of the depth of infiltration of cancer cells into the periodic
tissue. A study (20) showed that CK7 can induce the
formation of local pseudopodia of cancer cells and improve
the proliferation rate of cancer cells in the process of cell
proliferation, indicating that the overexpression of CK7 may
accelerate the metastasis of lymph nodes and cancer cells.
Furthermore, the metastasis of cancer cells is also related
to the degree of invasion and differentiation and tumor
stage, which becomes the main reason for poor patient
prognosis. The current study also found that patients with
high degree of differentiation, >1/2 myometrial invasion,
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vascular invasion, and lymph node metastasis also had high
positive expression rate of CK7 protein. It was also found
that the high expression of CK7 protein was associated
with the degree of disease deterioration and poor prognosis
of patients with cervical adenocarcinoma. The higher the
positive rate of CK7 expression, the lower the OS.

The Ki67 protein is a kind of monoclonal antibody.
It is composed of two polypeptide chains with molecular
weight of 395 and 345 kD. It is encoded by a gene in band 5,
region 2 in the long arm of autosome 10 (10q25). It is a
nuclear protein related to cell proliferation, and its function
is considered to be closely related to cell mitosis. It is highly
expressed when the cell is in the proliferative phase. There
was expression of Ki67 in the nucleus at the G1, S, G2,
and M phases of cell cycle. but it was not expressed in GO
(cell resting state). In interphase, Ki67 is located in the
dense fibrous component of nucleolus (21). The expression
of Ki67 is associated with tumor proliferation, invasion,
metastatic potential, and prognosis. Overexpression of Ki67
has a positive regulatory effect on cell cycle and accelerates
the tumor occurrence and development (22). Research
has shown that the expression of Ki67 in some tumors is
closely related to the degree of malignancy and pathological
classification of tumors, and its high expression is related to
poor prognosis of malignant tumors (23). This study showed
that the positive rate of Ki67 protein expression was higher
in participants with more than >1/2 myometrial invasion and
higher tumor, node, metastasis (TINM) stage. Further study
also found that a high level of Ki67 protein was associated
with the degree of disease deterioration and poor prognosis
of cervical adenocarcinoma patients. The higher the positive
rate of Ki67 expression, the lower the OS.

Conclusions

In conclusion, CK7 and Ki67 proteins are highly expressed
in patients with a higher malignant degree of cervical
adenocarcinoma after operation. The CK7 and Ki67
proteins may be important regulatory factors in the
development of cervical adenocarcinoma patients after
operation, and the overexpression of CK7 and Ki67 may
lead to worse prognosis. Therefore, CK7 and Ki67 may play
an important role in cervical adenocarcinoma and may be a
prognostic predictor of cervical adenocarcinoma patients.
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