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Abstract: Objective: This study was designed to quantify the serum CK17 and CK19 expressions in cervical cancer
(CC) patients and determine their predictive value. Methods: A total of 124 CC patients admitted to Zhejiang North
Medical Center (Huzhou Central Hospital) between November 2014 and November 2017 were recruited for the
study and placed in a research group (the Res group), and 99 healthy individuals during the same period were also
recruited for the study and placed in a control group (the Con group). Their serum CK17 and CK19 expressions were
quantified, and the diagnostic significance of the two for CC was analyzed. Additionally, the patients were followed
up for three years. The patients were then assigned to favorable and unfavorable prognosis groups, and then the
predictive significance of CK17 and CK19 for such patients was evaluated. Results: The Res group presented sig-
nificantly higher serum CK17 and CK19 expression levels than the Con group, and the two factors were positively
associated. Additionally, neither of the AUCs for serum CK17 and CK19 in identifying CC were less than 0.800, and
the AUC of the combination of the two in identifying it was not smaller than 0.900. The AUC of the combination of
serum CK17 and CK19 in identifying unfavorable CC prognoses was approximate 0.850, and high expression levels
CK17 and CK19 were closely related with low three-year overall survival rates. Conclusion: Serum CK17 combined
with serum CK19 is of great diagnostic and predictive significance for CC.
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Introduction

Cervical cancer (CC), a significant cause of
death among females, shows an increasing
morbidity among developing countries [1, 2].
The difficulty of its therapy primarily results
from its low early diagnosis rate that gives rise
to unfavorable prognoses and heavily compro-
mises patients’ survival [3]. According to CC
epidemiological data, there are approximately
569,847 new cases of CC and 311,365 deaths
from it worldwide each year [4]. In terms of its
etiology, CC is known to be strongly related to
human persistent papillomavirus (HPV) infec-
tion, and it primarily takes its toll on the re-
productive health of middle-aged women [5].
Currently, the screening test accuracy of CC still
needs improvement, and pursuing efficient
indices for screening CC based on biological
indices helps maintain women’s reproductive
health [6, 7].

CK17 is a basic/myoepithelial cytokeratin
strongly associated with the unfavorable prog-

noses of many malignancies, such as gastric
cancer, ovarian cancer, breast cancer, and pap-
illary thyroid cancer [8, 9]. At the current stage,
recognized as an unfavorable biological index
of CC, CK17 is able to mediate the characteris-
tics of cancer stem cells and lymphatic metas-
tasis in vivo during CC pathogenesis. Expressing
CK17 will worsen CC by inducing the above pro-
cess [10]. CK19 and CK17 are both stem cell
markers of hair follicle lesions after hair loss,
and have a great potential to treat hair loss
[11]. Some studies have pointed out that CK19
is a guiding marker of lymph node micrometas-
tasis in early CC and is associated with CC
malignant transformation caused by integration
with the HPV virus [12, 13].

Currently, studies on serum CK17 and CK19 in
CC and their predictive significance for progno-
sis are scarce. There, with the two aspects as
our main research directions, we conducted an
in-depth analysis, which is of clinical signifi-
cance for screening CC and determining its
prognosis.
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Materials and methods
General materials

Atotal of 124 female patients with CC admitted
to Zhejiang North Medical Center (Huzhou
Central Hospital) between November 2014 and
November 2017 were recruited for the study
and placed in the research group (the Res
group, (46.84+17.37) years old on average),
and 99 healthy female individuals during the
same span were also recruited for the study
and placed into the control group (the Con
group, (48.49+16.96) years old on average),
and their serum was collected. Approval for this
study was obtained from the Ethics Committee
of Zhejiang North Medical Center (Huzhou
Central Hospital), and signed informed consent
documents were obtained from all the partici-
pants or their guardians after they were
apprised of the study. Additionally, the study
was carried out in strict accordance with the
Declaration of Helsinki.

Inclusion and exclusion criteria

Inclusion criteria: Patients confirmed to have
CC [14], patients who had not received any
associated therapy, and patients with detailed
follow-up data.

Exclusion criteria: Patients with severe comor-
bid organ or systemic disease, malignancies,
or infectious diseases, pregnant or lactating
women.

Follow-up

The patients were followed up by accessing
their medical records or by using their follow-up
data for three years once every three months,
and their survival or disease progress was
recorded. Overall survival (OS) refers to the
period from the day of diagnosis to the death
day or the final day of the follow-up.

Determination means

Elbow venous blood (5 mL) was sampled from
each participant who had experienced 8 h fast-
ing early in the morning and then placed in
coagulation-promoting tubes, and then trans-
ferred to new tubes, followed by 10 min cen-
trifugation (1500xg, 4°C), after which the
obtained supernatant was stored at -80°C for
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subsequent analysis. Afterwards, the serum
CK17 and CK19 levels were quantified using
ELISA in strict accordance with the guide-
lines of the CK17 and CK19 assay kits (A6321
and ABE10596, Walan Biotechnology Co.,
Ltd., Shanghai, CN) [15]. Finally, a spectro-
photometer (UV5Nano, ZEPING Bioscience &
Technologies Co., Ltd., Beijing, CN) was used
to determine the CK17 and CK19 concen-
trations.

Statistical analysis

We used GraphPad Prism 7.0 and SPSS 22.0
(Baiao Yijie Technology Co., Ltd., Beijing, China)
for the data analysis. The inter-group com-
parisons of the enumeration data, expressed
as cases/percentages (n/%), were performed
using chi-square tests, and the data with a the-
oretical frequency in the chi-square tests lower
than 5 were analyzed using continuity correc-
tion chi square tests. The inter-group compari-
sons of the measurement data, expressed as
the mean + SEM, were performed using inde-
pendent-samples T tests. ROC curve were used
to evaluate the diagnostic and prognostic sig-
nificance of CK17 and CK19 for CC, and
Pearson’s coefficient was used to analyze the
association between the CK17 and CK19
expressions. The Kaplan-Meier method was
used to calculate the 0S, and log-rank tests
were used to evaluate the inter-group survival-
time differences. P<0.05 indicated a significant
difference.

Results
Baseline data

There were no significant differences between
the two groups in terms of age, mean age, HPV
infection, lymph node metastasis (LNM), TNM
stage, pathological grade, tumor size, smoking
history, abortion history, or place of residence
(all P>0.05) (Table 1).

The upregulation of serum CK17 and CK19 in
CC patients

We quantified the serum CK17 and CK19 levels
in the Res group (n=124) and the Con group
(n=99). We found that the serum CK17 and
CK19 expressions in the Res group were signifi-
cantly higher than they were in the Con group
(P<0.05) (Figure 1).
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Table 1. Baseline data of the two groups [n (%), mean + SEM]

Factor n The research group (n=124)  Control group (n=99) X3/t P-value
Age (Y) 0.541 0.462
<50 121 70 (56.45) 51 (51.52)
>50 102 54 (43.55) 48 (48.48)
Mean age (Y) 223 46.84+17.37 48.49+16.96 0.712 0.477
HPV infection 2.899 0.089
No 22 16 (12.90) 6 (6.06)
Yes 201 108 (87.10) 93 (93.94)
Lymph node metastasis 0.678 0.410
No 108 57 (45.97) 51 (51.52)
Yes 115 67 (54.03) 48 (48.48)
TNM stage 3.760 0.053
I-Il 101 49 (39.52) 52 (52.53)
-V 122 75 (60.48) 47 (47.47)
Pathological grade 0.212 0.646
G1 78 45 (36.29) 33(33.33)
G2-G3 145 79 (63.71) 66 (66.67)
Tumor size (cm) 0.163 0.686
<4 107 58 (46.77) 49 (49.49)
>4 116 66 (53.23) 50 (50.51)
Smoking history 2.045 0.153
No 153 90 (72.58) 63 (63.64)
Yes 70 34 (27.42) 36 (36.36)
Abortion history 0.736 0.391
No 164 94 (75.81) 70(70.71)
Yes 59 30 (24.19) 29 (29.29)
Place of residence 0.201 0.654
Rural area 87 50 (40.32) 37 (37.37)
Urban area 136 74 (59.68) 62 (62.63)
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Figure 1. The up-regulation of serum CK17 and CK19 in patients with CC.
A. The research group showed significantly higher serum CK17 levels than
the control group. B. The research group showed significantly higher serum
CK19 levels than the control group. Note: ***P<0.001.

The positive association between the serum
CK17 and CK19 levels in CC patients

We studied the diagnostic sig-
nificance of the serum CK17
and CK19 levels for diagnos-
ing CC using ROC curves and
found that the AUC, optimal
cut-off, sensitivity, and speci-

ficity of the serum CK17 level in diagnosing
CC were 0.878 (95% CI: 0.835-0.921), 0.91

ng/mL, 68.55%, and 89.90% respectively.

According to our Pearson’s coefficient-based
analysis of the association between the serum
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For serum CK19, the values were 0.804 (95%
Cl: 0.747-0.861), 1.79 ng/mL, 76.61%, and
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Figure 2. The positive association of serum CK17
with serum CK19 in patients with CC (r=0.745,
P<0.001).

73.74%, respectively, and for serum CK17 com-
bined with CK19 in diagnosing CC, the values
were 0.926 (95% Cl: 0.894-0.959), 0.56 ng/
mL, 84.68%, and 86.87%, respectively (Figure
3 and Table 2).

The predictive significance of the serum CK17
and CK19 levels for determining the prognosis
of CC

The successful three-year follow-up of the
134 patients revealed that their three-year 0S
was 50.00% (62/124). The deceased patients
and those whose diseases deteriorated were
assigned to an unfavorable prognosis group
(UPG, n=62), and the rest to a favorable prog-
nosis group (FPG, n=62). As the data show, the
UPG group had significantly higher expressions
of serum CK17 and CK19 than the FPG
(P<0.05). The ROC analysis revealed that the
AUC, optimal cut-off, sensitivity, and specificity
of the serum CK17 in identifying CC were 0.805
(95% Cl: 0.729-0.881), 0.85 ng/mL, 88.71%,
and 59.68%, respectively; the AUC, optimal cut-
off, sensitivity, and specificity of serum CK19 in
diagnosing CC were 0.801 (95% CI: 0.718-
0.884), 1.94 ng/mL, 75.81%, and 80.65%. The
AUC, optimal cut-off, sensitivity, and specificity
of serum CK17 combined with serum CK19 in
diagnosing CC were 0.880 (95% CI: 0.818-
0.942), 0.68 ng/mL, 72.58%, and 96.77%
(Figure 4 and Table 3).

The association of the serum CK17 and CK19
levels with the three-year OS of CC patients

Survival curves were drawn with the median
serum CK17 and CK19 expression levels as the
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critical points (0.97 ng/mL and 1.82 ng/mL,
respectively). The curves revealed a strong
association between low serum CK17 and
CK19 and comparatively high three-year OS
among the CC patients (P<0.001) (Figure 5).

Discussion

CC, a pervasive gynecological tumor with a high
mortality and morbidity, poses a public health
challenge, has a negative societal impact, and
severely impairs women'’s physical and mental
health [16]. Giving priority to the screening of
CC and to potential novel biomarkers for deter-
mining its prognosis is of profound significance
for the early diagnosis of tumors [17]. Serum
indices are likely to be the preferred tools for
CC screening in the future because of their
advantages of being non-invasive, convenient,
and cheap [18, 19]. This study started with the
serum biological indices, aiming to offer novel
insights for the efficient screening and progno-
sis of CC.

A growing number of scholars now focus on the
in-depth analysis of the diagnostic value of
CK17 and CK19. Podoll and team members
[20] reported that CK17 can be used for diag-
nosing anal genital diseases like differentiated
vulvar intraepithelial tumors as an immunohis-
tochemical index. One study by Liang and team
members [21] pointed out that CK17 can used
to screen adenoid basal carcinoma of the cer-
vix as an auxiliary index, and it plays a role in
cases of ambiguous histological examination
results. There are some intriguing reports on
CK19. For instance, Domagala and team mem-
bers [22] revealed the beneficial impact of
Nuclear CK19 immuno-positive pseudoinclu-
sion bodies on improving the diagnostic effi-
ciency of papillary thyroid carcinoma. Winter
and team members [23] pointed out the pro-
motion of one-step nucleic acid amplification
of CK19 on LNM in cases with prostate cancer.
All the above studies have verified the diagnos-
tic significance of CK17 and CK19 in malignan-
cies such as reproductive tumors. In our study,
the Res group presented significantly higher
expressions of serum CK17 and CK19 than the
Con group, indicating that the abnormal dynam-
ic changes of CK17 and CK19 as serum indices
probably help indicate the development of CC.
Additionally, our analysis of the association
between the serum CK17 and serum CK19 lev-
els revealed that they were strongly positively
associated, suggesting that they play a poten-
tial synergistic role in the progression of CC. In
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Figure 3. The AUCs of serum CK17 and CK19 in identifying CC.
Table 2. The ROC parameters of the serum CK17 and CK19 levels in identifying CC
Index AUC 95% ClI Standard error  cutoff value (ng/mL) Sensitivity (%) Specificity (%)
CK17 0.878 0.835-0.921 0.022 0.91 68.55 89.90
CK19 0.804 0.747-0.861 0.030 1.79 76.61 73.74
CK17+CK19 0.926 0.894-0.959 0.017 0.56 84.68 86.87
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Figure 4. The ROC curves of serum CK17 and CK19 in forecasting the prognosis of CC.

Table 3. The ROC parameters of the serum CK17 and CK19 levels for determining the prognosis of CC

Index AUC 95 %Cl Standard error Cutoff value (ng/ml)  Sensitivity (%) Specificity (%)
CK17 0.805 0.729-0.881 0.039 0.85 88.71 59.68
CK19 0.801 0.718-0.884 0.042 1.94 75.81 80.65
CK17+CK19 0.880 0.818-0.942 0.032 0.68 72.58 96.77
A — CK17(<0.97 ng/mL) B ~~ CK19(s1.82 ng/mL) our evaluation of CC diagno-
—- CK17(>0.97 ng/mL) —— CK18(>1.82 ng/mL) sis, the AUCs of serum CK17
Log-rank:P<0.001 Log-rank:P<0.001 and CK19 were found to be
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Figure 5. The association of the serum CK17 and CK19 levels with the three- t_he significantly high diagnos-
year OS of patients with CC. A. The strong association of low serum CK17 ~ UC values of serum CK17 +
levels with the comparatively high three-year OS among cases with CC. B. serum CK19 in identifying CC,

The strong association of low serum CK19 levels with comparatively high with both high sensitivity and
three-year OS among CC patients. specificity.
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CK17 also has an enormous potential in deter-
mining the prognosis of many malignancies.
For instance, one study by Carrasco and team
members [24] has indicated that CK17 can be
used to predict the differentiation of gallblad-
der cancer as a gastrointestinal tumor-associ-
ated protein. Another study by Liu and team
members [25] revealed that there is a strong
association between CK17 in cases with triple
negative breast cancer and the progression of
the cancer, and it can help indicate an unfavor-
able prognosis, a high differentiation degree
and axillary LNM. Coincidentally, CK19 is also
of potential prognostic significance in malig-
nancies. For instance, Yang and team members
[26] reported CK19 as an independent prog-
nostic marker of esophageal squamous cell
carcinoma, and its ability to help forecast the
survival of patients with this disease. Moreover,
reportedly, the combination of CK19 with Hep
Parl can augment the ability to forecast the
prognosis of hepatocellular carcinoma [27]. In
our study, the three-year OS of patients with
CC was 50.00%, similar to the result of Kubota
and team members (47.00%) [28]. The AUC of
serum CK17 or CK19 in predicting the progno-
sis of CC was approximate 0.800, and the AUC
of the combination was up to 0.880, which sug-
gests the high value of their combination in
determining the CC prognosis. Finally, our
three-year OS curve analysis revealed a strong
association of the high expressions of CK17
and CK19 with the comparatively three-year
low OS, indicating that CK17 and CK19 have a
potential in predicting the 3-year OS of CC
patients.

Our study verified the up-regulation of serum
CK17 and CK19 in patients with CC and the
possible function of their combination in help-
ing determine the prognosis of CC. Neverthe-
less, this study still has room for improvement.
First, we can supplement our analysis of the
influencing factors on the prognosis of CC and
further verify whether CK17 and CK19 are
potential prognostic markers of such patients.
Second, we can conduct basic research to fur-
ther clarify the potential regulatory mechanism
of CK17 and CK19 in the process of CC. Finally,
we can analyze the association of the two with
the pathological parameters of CC patients to
further explore the potential clinical signifi-
cance of the two. We will continue to improve
our study in the future.
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To sum up, we have proposed for the first time
the role of serum CK17 and serum CK19 as an
auxiliary index for screening and determining
the prognosis of CC, which will offer clinical
information for the evaluation and prognosis
analysis of CC.
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