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Equal amounts of proteins (100 μg per lane) 
were separated by 10% SDS-PAGE gels, and 
transferred to polyvinylidene fluoride (PVDF) 
membrane by a semi-dry transfer apparatus 
(Bio-Rad, CA, USA). The PVDF membrane was 
blocked by 5% skim milk for 1 h at room tem-
perature. Primary rabbit anti DNMT1 antibody 
(dilution 1:1000) (or rabbit anti CCNA1 anti-
body, dilution 1:1000; or rabbit anti GAPDH 
antibody, dilution 1:2000) was added to block-
ing buffer at 4°C overnight. Next, the PVDF 
membrane was washed three times in 1 × TTBS 
(Tween/Tris-buffered salt solution) for 10 min 
on a shaker. The blot was then incubated with 
goat anti-rabbit IgG-HRP secondary antibodies 
(dilution 1:5000, ZSGB-BIO, Beijing, China) for 
1 h at room temperature, and was washed in  
1 × TTBS for three times. Finally, the proteins 
were visualized by Super Signal ECL (Applygen 
Technologic Inc, Beijing, China), and the signals 
were quantified using Image Lab5.0 (Bio-Rad, 
CA, USA). The protein levels of GAPDH were 
assayed as an internal in all samples.

RNA isolation and real-time quantitative PCR 
(qPCR)

RNA was isolated form cervical tissue using a 
TRIzol reagent (ThermoFisher Scientific, Rock- 
ford IL, USA). The RNA was reversely transcri- 
bed to cDNA using a RevertAid First Strand 
cDNA Synthesis Kit (ThermoFisher Scientific). 
In all samples, the RNA levels of GAPDH were 
assayed as an internal. The following primers 
were used: DNMT1-forward: 5’-GGA GGG CTA 
CCT GGC TAA AG-3’; DNMT1-reverse: 5’-CTC 
TCC ATC GGA CTT GCT CC-3’; CCNA1-forward: 
5’-GCA CTT GCC AGT TGT TCC G-3’; CCNA1-
reverse: 5’-TCC AGG GTA CAT GAT TGC GG-3’; 
GAPDH-forward: 5’-GGA AAT GAA TGG GCA GCC 
GT-3’; GAPDH-reverse: 5’-AGG AGA AAT CGG 
GCC AGC TA-3’. 

The PCR reaction and amplification systems 
were done using a PCR kit (Invitrigen, USA). The 
PCR conditions were: denature the DNA at 
95°C for 2 min, followed by denaturing at 95°C 

Figure 1. Immunohistochemical examination of the DNMT1 protein in the control group (A), LSIL group (B), HSIL 
group (C), and SCC group (D). The DNMT1 protein was positive for brown and yellow granules in the nucleus (red 
arrows, 200 ×).
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for 15 s, then annealing at 60°C for 30 s, and 
extension at 95°C for 30 s with 40 cycles us- 
ing only DNMT1 or GAPDH primers, then with 
another 45 cycles after the addition of CCNA1 
primers. 

Statistical analysis

SPSS 22.0 statistical software (IBM, Chicago, 
IL) was used to analyze all the data. A nonpara-
metric test was used to analyze the results of 

Figure 2. Immunohistochemical examination of the CCNA1 protein in the control group (A), LSIL group (B), HSIL 
group (C), and SCC group (D). The CCNA1 protein was positive for brown and yellow granules in the nucleus (red 
arrows, 200 ×).

Table 1. Immunohistochemical examination 
for the DNMT1 protein in cervical tissues of 
the control, LSIL, HSIL, and SCC groups

Groups n
Number of specimens

Pe

- + ++ +++
Control 30 23 5 2 0
LSIL 30 14 6 7 3 0.008a,b

0.025b,c

HSIL 30 7 6 8 9 0.000a,c

0.045c,d

SCC 30 1 9 3 17 0.000a,d

0.000b,d

Note: a, control; b, LSIL; c, HSIL; d, SCC; e, nonparamet-
ric test, P<0.05.

Table 2. Immunohistochemical examination 
for CCNA1 protein in cervical tissues of the 
control, LSIL, HSIL and SCC groups

Groups n
Number of specimens

Pe

- + ++ +++
Control 30 0 0 4 26
LSIL 30 3 1 5 21 0.088a,b

0.000b,c

HSIL 30 10 4 5 11 0.000a,c

0.001c,d

SCC 30 22 3 3 2 0.000a,d

0.000b,d

Note: a, control; b, LSIL; c, HSIL; d, SCC; e, nonparamet-
ric test, P<0.05.
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the immunohistochemistry. The relative expres-
sion quantity of protein and mRNA are shown 
as the mean ± SD. The chi-square and Student-
Newman-Keuls (SNK) tests were used for sta-
tistical analysis.

tively. The intensity and incidence of the DNMT1 
protein increased with the process of cervical 
carcinogenesis, but those of the CCNA1 protein 
decreased. According to a nonparametric test, 
the positive expressions of the DNMT1 and 
CCNA1 proteins in each sample group are also 
listed in Tables 1 and 2, respectively. The num-
ber of positive DNMT1 protein expressions 
increased progressively from the control group 
to the LSIL, HSIL, and SCC groups (Table 1). 
After cervical intraepithelial neoplasia (CIN), 
the number of positive DNMT1 protein expres-
sions increased and peaked in the SCC group. 
There was a significant increase in the amount 
of positive DNMT1 protein expression from the 
control group to the LSIL group (P=0.008), the 
LSIL group to the HSIL group (P=0.025), and 
the HSIL group to the SCC group (P=0.045). 
Conversely, the amount of positive CCNA1 pro-
tein expression was reduced in process of cer-
vical carcinogenesis (Table 2). Notably, there 
was no significant decrease in the amount of 
positive CCNA1 protein expression from the 
control group to the LSIL group (P=0.088), and 
a significant decrease from the LSIL group to 
the HSIL group (P=0.000), and the HSIL group 
to the SCC group (P=0.001).

The semi-quantitative Western blot method 
was also used to test the expressions of the 
DNMT1 and CCNA1 proteins in the process of 
cervical carcinogenesis (Figure 3). A chi-square 
test was used to compare the positive expres-
sion rate of the DNMT1 protein in the different 
groups (Table 3). The positive expression rate 
of DNMT1 in the SCC, HSIL, LSIL, and control 
groups was 66.67%, 56.67%, 36.67%, and 
13.33%, respectively. The positive expression 
rate in the case (SCC, HSIL and LSIL) groups 
was significantly higher than it was in the con-
trol group (P<0.05), and the expression in the 
SCC group was significantly higher than it was 

Figure 3. The expression of the DNMT1 and CCNA1 proteins in cervical tissues 
in the control group (1, 2, 3), LSIL group (4, 5, 6), HSIL group (7, 8, 9), and SCC 
group (10, 11, 12).

Table 3. The positive expression rate of 
DNMT1 protein in cervical tissues of the con-
trol, LSIL, HSIL, and SCC groups
Groups n Positive rate Pe

Control 30 4 (13.33%)
LSIL 30 11 (36.67%) 0.037a,b

0.121b,c

HSIL 30 17 (56.67%) 0.000a,c

0.426c,d

SCC 30 20 (66.67%) 0.000a,d

0.020b,d

Amount 120 52 (43.33%) 0.000a,b,c,d

Note: a, control; b, LSIL; c, HSIL; d, SCC; e, chi-square 
test, P<0.05.

Figure 4. The relative expression of the DNMT1 pro-
tein (ratio of optical density of DNMT1 to GAPDH) 
in the control, LSIL, HSIL, and SCC groups. Control 
group, n=4; LSIL group, n=11; HSIL group, n=17; 
SCC group, n=20. Student-Newman-Keuls (SNK) 
test: compared with control and LSIL groups, P<0.05; 
compared with LSIL and HSIL groups, P<0.05; com-
pared with HSIL and SCC groups, P<0.05. 

Result

The expressions of the 
DNMT1 and CCNA1 
proteins in the process of 
cervical carcinogenesis

The immunohistochemical 
staining for the DNMT1 and 
CCNA1 proteins in the tis-
sue samples are shown in 
Figures 1 and 2, respec-



Expressions of DNMT1 and CCNA1 in cervical carcinogenesis

45	 Int J Clin Exp Pathol 2019;12(1):40-49

in the LSIL group (P<0.05). This result indicates 
that the risk of cervical lesions gradually 

increases with an increasing positive expres-
sion of the DNMT1 protein. The relative expres-
sion level of the DNMT1 protein was the stron-
gest in the SCC (1.37±0.74) group, followed by 
the HSIL (0.73±0.48), LSIL (0.40±0.29), and 
control (0.23±0.10) groups, as shown in Figure 
4. With the aggravation of cervical lesions, the 
expression of the DNMT1 protein gradually 
increased, showing a significant upward trend 
(P<0.05).

As shown in Table 4, the positive rate of the 
CCNA1 protein in the SCC (20.00%) group was 
also obviously lower than in the HSIL (63.33%), 

Table 4. The positive expression rates of 
CCNA1 in cervical tissues of the control, LSIL, 
HSIL, and SCC groups
Groups n Positive rate Pe

Control 30 30 (100.00%)
LSIL 30 27 (90.00%) 0.236a,b

0.015b,c

HSIL 30 19 (63.33%) 0.000a,c

0.001c,d

SCC 30 6 (20.00%) 0.000a,d

0.000b,d

Amount 120 82 (68.33%) 0.000a,b,c,d

Note: a, control; b, LSIL; c, HSIL; d, SCC; e, chi-square 
test, P<0.05.

Figure 5. The relative expression of the CCNA1 pro-
tein (ratio of optical density of CCNA1 to GAPDH) 
in the control, LSIL, HSIL and SCC groups. Control 
group, n=30; LSIL group, n=27; HSIL group, n=19; 
SCC group, n=6. Student-Newman-Keuls (SNK) test: 
compared with the control and LSIL groups, P=0.35; 
compared with LSIL and HSIL groups, P<0.05; com-
pared with HSIL and SCC groups, P<0.05.

Figure 6. Identification of qPCR products by agarose 
gel electrophoresis. Target gene: DNMT1 (1, 2, 3, 
4), GAPDH (5, 6, 7, 8) and CCNA1 (9, 10, 11, 12); 
Groups: control (1, 5, 9), LSIL (2, 6, 10), HSIL (3, 7, 
11) and SCC (4, 8, 12).

Table 5. The positive expression rates of 
DNMT1 mRNA in cervical tissues of the con-
trol, LSIL, HSIL, and SCC groups
Groups n Positive rate Pe

Control 30 5 (16.67%)
LSIL 30 13 (43.33%) 0.024a,b

0.121b,c

HSIL 30 19 (63.33%) 0.000a,c

0.405c,d

SCC 30 22 (73.33%) 0.000a,d

0.018b,d

Amount 120 59 (49.17%) 0.000a,b,c,d

Note: a, control; b, LSIL; c, HSIL; d, SCC; e, chi-square 
test, P<0.05.

Figure 7. The relative expression of DNMT1 mRNA 
in the control, LSIL, HSIL, and SCC groups. Control 
group, n=5; LSIL group, n=13; HSIL group, n=19; 
SCC group, n=22. The relative expression of DNMT1 
mRNA in the control group was 1, and the relative 
expression of DNMT1 mRNA in other group was the 
ratio of Ct of the DNMT1 gene to Ct of GAPDH gene. 
Student-Newman-Keuls (SNK) test: compared with 
the control and LSIL groups, P<0.05; compared with 
the LSIL and HSIL groups, P<0.05; compared with 
the HSIL and SCC groups, P<0.05.
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LSIL (90.00%), and control (100.00%) groups 
(P<0.05). Similarly, there was no significant dif-
ference in the positive rate of CCNA1 protein 
between the LSIL and control groups (P= 
0.236). Similar to the immunohistochemical 
result, the relative expression level of the 
CCNA1 protein gradually decreased with the 
aggravation of cervical lesions (Figure 5). The 
relative expression of the CCNA1 protein in the 
SCC (0.78±0.53) group was obviously lower 
than HSIL (1.59±0.55), LSIL (1.94±0.29), and 
control (2.05±0.19) groups (P<0.05). However, 
there was no significant difference in the rela-
tive expression of the CCNA1 protein between 
the LSIL and control groups (P=0.35).

The expressions of DNMT1 and CCNA1 mRNA 
in the process of cervical carcinogenesis 

The expressions of DNMT1 and CCNA1 mRNA 
in the process of cervical carcinogenesis was 
measured by qPCR (Figure 6). The amplification 
product was single and had a strong specificity. 
As shown in Table 5, the positive rates of DN- 
MT1 mRNA in the SCC, HSIL, and LSIL groups 
were 73.33%, 63.33% and 43.33%, respective-
ly, which were significantly higher than they 
were in the control group (16.67%) (P<0.05). 
The DNMT1 mRNA in the SCC group was obvi-
ously higher than it was in the LSIL group 
(P=0.018), but not significantly higher than it 
was in the HSIL group (P=0.405). As shown in 
Figure 7, the relative expression of DNMT1 
mRNA significantly increased with the aggrava-
tion of cervical lesions (P<0.05). This result 
agreed with the immunohistochemistry and 
Western blot results of the DNMT1 protein.

On the contrary, the positive expression rates 
of the CCNA1 mRNA were 23.33%, 63.33%, 
93.33%, and 100.00% in the SCC, HSIL, LSIL, 
and control groups (Table 6), respectively. The 
CCNA1 mRNA in the SCC and HSIL groups was 
significantly lower than it was in the LSIL and 
control groups (P<0.05). The relative expres-
sion of CCNA1 mRNA was reduced in the pro-
cess of cervical carcinogenesis (Figure 8). 
There was no significant decrease in the rela-
tive expression of CCNA1 mRNA from the con-
trol group to the LSIL group (P=0.65), and a 
significant decrease from the LSIL group to the 
HSIL group (P<0.05), and the HSIL group to the 
SCC group (P<0.05).

Discussion

DNA methylation is catalyzed by DNMT, which 
adds methyl to the 5’-position of cytosine within 
the CpG dinucleotide and regulates gene 
expression in cells [17, 18]. Abnormal methyla-
tion of the promoter islands of the tumor sup-
pressors and carcinogenic genes is an impor-
tant cause of tumorigenesis. Abnormal DNA 
methylation is ubiquitous in tumor cells, which 
can participate in the occurrence, develop-
ment, and metastasis of tumors and play an 
important role in regulating gene expression, 
gene imprinting, gene mutation, tumor sup-
pressor gene inactivation, cell proliferation, 
and differentiation [19]. Epigenetic changes in 
tumor suppressor genes are necessary in the 
progression of CIN to cervical cancer [7], and 

Table 6. The positive expression rates of 
CCNA1 mRNA in cervical tissues of the con-
trol, LSIL, HSIL, and SCC groups
Groups n Positive rate Pe

Control 30 30 (100.00%)
LSIL 30 28 (93.33%) 0.472a,b

0.005b,c

HSIL 30 19 (63.33%) 0.000a,c

0.002c,d

SCC 30 7 (23.33%) 0.000a,d

0.000b,d

Amount 120 84 (70.00%) 0.000a,b,c,d

Note: a, control; b, LSIL; c, HSIL; d, SCC; e, chi-square 
test, P<0.05.

Figure 8. The relative expression of CCNA1 mRNA 
in the control, LSIL, HSIL and SCC groups. Control 
group, n=30; LSIL group, n=28; HSIL group, n=19; 
SCC group, n=7. The relative expression of CCNA1 
mRNA in the control group was 1, and the relative 
expression of CCNA1 mRNA in the other groups was 
the ratio of the Ct of the CCNA1 gene to the Ct of 
the GAPDH gene. Student-Newman-Keuls (SNK) test: 
compared with the control and LSIL groups, P=0.65; 
compared with the LSIL and HSIL groups, P<0.05; 
compared with the HSIL and SCC groups, P<0.05.
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