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Transcription factor c-Rel regulated by E5 
affects the whole process after HPV16 infection 
through miR-133a-modulated feedback loop 
aim at mir-379-369 cluster
Juan Zhou1,4†, Yongpeng Li3†, Ke Xu1, Yan Rong1, Siting Huang1, Hailun Wu1, Xianlin Yi2* and Chanzhen Liu1* 

Abstract 

Background: During the development of cervical cancer, HPV infection causes a series of changes in transcription 
factors and microRNAs. But their relationships with pathogenic processes are not clear.

Methods: Base on previous study, to analyse the relationship among HPV16 infection and the related transcription 
factors, related miRNAs, so as to further understand the molecular mechanism of HPV16 infection to cervical cancer, 
around the HPV16 related miRNAs we have reported, the methods of bioinformatics prediction, histology, cell model 
in vitro and molecular interaction were used for prediction and validation respectively

Results: The results showed that NF-κB family members(c-Rel, p65 and p50) were identified as main HPV16rmiR-tran-
scription factors. They have different expressive characteristics in cervical lesions and play tumorigenesis or progres-
sion roles in different periods of HPV16 infection. c-Rel, p65 and p50 act as mediators which link the HPV16 E5 and 
HPV16 related miRNAs. Among them, c-Rel affects the occurrence and progression of cervical cancer during whole 
HPV16 infection stage through miR133a-3p–modulated mir-379-369 cluster with a positive feedback way which 
targeted c-Rel itself and its positive regulator AKT3.

Conclusion: So in the course of HPV16 infection, the E5, c-Rel, and miR-133a-3p form a positive feedback system 
which aim at mir-379-369 cluster for the whole process from HPV16 infection to cervical cancer.
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Background
Cervical cancer is one of the most common malignancies 
in women globally which threatens women’s health seri-
ously. As the most important pathogenic agent, high-risk 

human papillomavirus(hr-HPVs) is responsible for the 
initiation and progression of more than 95% cervical can-
cer while HPV16 infection is associated with 50% cervical 
cancer approximately [1, 2]. However, the occurrence and 
development of HPV-induced cervical cancer is a gradual 
process of cumulative effect due to the continuous imbal-
ance of host cell oncogenes and tumor suppressor genes 
accompanied by the abnormal changes of many impor-
tant cell signaling pathways, which may occur much 
earlier than the cervical morphological changes [3], and 
lead to about 10% of persistent hr-HPV infections induce 
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cervical epithelial canceration and eventually transform 
into clinical cervical cancer [4].

In the previous study, we first proposed that there are 
two groups of microRNAs(miRNA) act as tumor sup-
pressors which down-regulated in HPV16 positive cer-
vical carcinoma (termed as HPV16 related microRNA, 
HPV16rmiR): the first group demonstrates a stepwise 
down-regulation from normal cervix samples to HPV16-
infected cervix samples, whereas the other group is 
exclusively down-regulated when the cervix is trans-
formed to a cancerous state [5]. This finding suggests that 
the first group of miRNAs may represent the early targets 
of HPV16 infection when the cervical tissues still appear 
normal and are not malignant. The aberrant expres-
sion of this group of miRNAs might gradually transform 
the normal cervix to a precancerous state. When the 
infected cervix becomes cancerous, the expression of 
the second group of miRNAs change, accompanying or 
causing abnormal cellular process. That is to say, these 
two groups of miRNAs are downregulated in early and 
late phase of HPV16 infection respectively, the aberrant 
expression of the first group of miRNAs might gradually 
induce the second group of miRNAs change and then 
transform the normal cervix to a cancerous state, but that 
has not been confirmed.

As important regulators of miRNA [6], transcription 
factors(TF) promote or inhibit gene expression at the 
transcriptional level by identifying and binding to specific 
sequences of target genes’ promoter regions, are key links 
in various cellular signaling pathways through gene over-
expression or silence [7]. Prediction via bioinformatic 
databases showed that NF-κB family members are the 
most probable upstream transcription factors of these 
miRNAs mentioned above (termed as HPV16 related 
microRNA upstream transcription factor, HPV16rmiR-
TF), may play vital mediating roles at different stages in 
the series process of HPV16 infection, relevant miRNAs 
down-regulation, and subsequent progression of cervi-
cal lesions formation and development. Similar to other 
types of cancer [8, 9], there are TFs-miRNAs regulatory 
networks in the process of cervical cancer.

So in the present study, around these HPV16 related 
miRNAs, we first predicted the TFs-miRNAs-target 
genes network through biological information methods. 
After verification of the predicted results, NF-κB fam-
ily members(c-Rel, p65 and p50) were identified as main 
HPV16rmiR-TFs. By histological staining, they show 
different expressive characteristics in cervical lesions 
and play tumorigenesis or progression roles in differ-
ent periods of HPV16 infection. Through molecular 
interaction study, c-Rel, p65 and p50 were found that 
act as mediators which link the HPV16 and two groups 
of miRNAs. Among them, c-Rel affects the occurrence 

and progression of cervical cancer during whole HPV16 
infection stage through miR133a-3p–modulated mir-
379-369 cluster with a positive feedback way through 
c-Rel itself and miR329-5p target gene AKT3. All the 
results exhibited new interpretation of the pathogenesis 
and progression of cervical cancer.

Methods
Cervical tissues
The informed consent of relevant research subjects and 
ethical review consent from the ethics Committee of 
Guangxi Medical University Cancer Hospital have been 
obtained before research. A total of 215 cases of paraf-
fin tissue samples from patients were collected in gyne-
cology department from November 2011 to May 2014, 
including 116 cases of cervical cancer tissues derived 
from radical bilateral hysterectomy ± pelvic lymph node 
dissection ± abdominal aortic lymph dissection; 22 cases 
of low grade squamous intraepithelial lesions (LSIL) and 
26 cases of high grade squamous intraepithelial lesions 
(HSIL) were obtained from conization of uterine cer-
vix of precancerous lesion at the same time; 51 cases of 
cervical tissues without lesion(including HPV16 positive 
and hr-HPVs negative) were obtained from total hyster-
ectomy at the same time with benign tumors. All tissue 
specimens were diagnosed by pathologists from Guangxi 
Medical University cancer hospital and prepared 4  μm 
thick continuous section for staining. All of these sam-
ples contained the results of preoperative HPV-DNA typ-
ing test, in which178 (82.8%) were infected with HPV16 
type, and 37 (17.2%) were infected with non-hr-HPVs 
(including HPV-negative).

Immunohistochemical staining and result interpretation
Tissue specimens were fixed with 10% formalin and 
wrapped with paraffin,

then sequentially sectioned into 4 μm thick slices and 
roasted for 2 h at 65 ℃, followed by xylene dewaxing, gra-
dient ethanol hydration, boiling water bath repair antigen 
40  min, 3% hydrogen peroxide endogenous biotin was 
blocked for 15  min, endogenous biotin was blocked for 
20 min, goat serum was blocked for 30 min, release anti-
body working fluid(1:100), incubate at 4 ℃ overnight. The 
next day according to rabbit SP kit instructions, second-
ary antibody was added, and appropriate time of DAB 
color rendering was followed by hematoxylin redyeing 
and gradient ethanol dehydration xylene transparent, 
neutral resin sealing sheet. The known positive sections 
were used as positive control while PBS was used as neg-
ative control instead of primary antibody.

In dye sections with satisfactory staining, 5 fields were 
searched at 40 × objective. A total of 100 characteristic 
cells were counted and their average staining intensity 
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and positivity were determined. Semi-quantitative inte-
gral method was used to interpret the staining results: 
(1)strong staining degree: 0 score for no staining, 1 score 
for light yellow, 2 score for sandy, 3 score for brown; 
(2) 0 score for positive cell percentage < 5%, 1 score for 
6% ~ 25%, 26% ~ 50% was 2 score, 51% ~ 75% was 3 score, 
and > 75% was 4 score. Immunohistochemical evaluation 
Points = staining intensity × percentage of positive cells. 
Immunohistochemical score 0 is negative(-), namely 
nuclear-free expression;1 ~ 4 is weakly positive ( +), that 
is, low nuclear expression; 5 ~ 8 is positive (+ +), 9 ~ 12 
is strongly positive (+ + +), that is, high nuclear expres-
sion. The dyeing results were evaluated by two patholo-
gists with double-blind method. The same value is the 
final score, if there is a different value, the third observer 
was conducted to joint assessment.

Cell culture
SiHa (HPV-16-positive cervical cell line), C33-A (HPV-
negative cervical cell line) and 293FT(Human embry-
onic kidney cell line) were purchased from Cell Resource 
Center,IBMS, CAMS/PUMC (Beijing, China) and 
maintained in Dulbecco’s Modified Eagle’s Medium 
(Gibco,China) supplemented with 10% Fetal Bovine 
Serum and 1% penicillin/streptomycin (Gibco, China) at 
37 °C and 5% CO2.

miRNA and mRNA real‑time quantitative RT‑PCR analysis
Total RNA was extracted from the cell lines in this study 
using the RNeasy Kit (Qiagen, USA) following the manu-
facturer’s instructions. To measure miRNA levels, 2  mg 
total RNA was subjected to analysis using Bulge-LoopTM 
miRNA qRT-PCR detection kit, and small nucleolar U6 
was used as the housekeeping small RNA reference gene 
(RiboBio, Guangzhou, China). In total, 500 ng total RNA 
was reversed transcribed using the iScript Reverse Tran-
scription Supermix and measured with Sofast Eva Green 
Supermix (Bio-Rad, USA) using a Bio-Rad CFX96 Real 
Time system (Bio-Rad,USA) according to the manufac-
turer’s instructions. GAPDH was used as a housekeeping 
gene control for normalization of the expression level of 
all mRNAs. All primer sequences are listed in Additional 
file 1: Table S1.

Modulating miRNAs, mRNAs expression in cell lines
miRNAs levels were modulated by corresponding inhibi-
tor or mimics (RiboBio, Guangzhou, China). miRNA 
mimics are chemically synthesized double-stranded 
RNAs, while miRNA inhibitors are chemically syn-
thesized single-stranded RNAs. These agents can be 
transfected into a variety of cell types. The correspond-
ing controls for the miRNAs inhibitor and mimic were 
provided in the same kit. After transfection, miRNAs 

expression was quantitated by qRT-PCR as described 
above. NF-κB family members and HPV16 E5, E6, E7 
overexpression was achieved by transfecting vectors 
carrying the corresponding genes. First, all genes were 
amplified from SiHa cell genomic DNA and cloned into 
the lentiviral vector p2K7neo as previously described. 
The expression of all genes was driven by the human EF1a 
promoter. The primers used to PCR amplify these genes 
are listed in Additional file 1: Table S1. Lentiviral super-
natant was collected to infect C33-A cells as described 
previously. To silence them, shRNAs were constructed 
using the Block-iT inducible H1 lentiviral system (Invit-
rogen, USA) according to the manufacturer’sprotocols. 
shRNAs were first inserted into pENTR/H1/TO vectors, 
and LR was recombined into pLenti4/BLOCK-iTTM-
DEST. Lentiviral supernatant was collected to infect SiHa 
Cells as described previously. Cells were collected 48  h 
after lentiviral infections and subjected to quantitatively 
real time RT-PCR.

Cells proliferation assay
Cell proliferation assays were performed using the DNA 
Proliferation in vitro Detection Kit following the manu-
facturer’s instructions (RiboBio, Guangzhou, China). 
Cells were sequentially incubated with the thymi-
dine analog5-ethynyl-29-deoxyuridine (EdU) for 3  h, 
Apollo567 for 30 min, and Hoechst33342 for 30 min. Cell 
images were captured using a fluorescence microscope 
(Nikon Eclipse-Ti, Japan). Serial optical sections were 
captured using NIS-Elements software and projected to 
provide two-dimensional maximum brightness images. 
More than 50 cells in three different areas of three inde-
pendent cultured wells (n = 9) for each sample were 
counted for EdU-positive staining followed by statistical 
analysis.

Annexin V‑FITC/PI apoptotic assay
Apoptosis assays were conducted using the Annexin 
V-FITC/PI Apoptosis Kit following the manufacturer’s 
instructions (KeyGEN Biotech, Nanking, China)0.10,000 
cells were resuspended in 500  ml binding buffer and 
incubated with Annexin V-FITC and propidium iodide 
for 15 min. The cell suspensions were then subjected to 
flow cytometry analysis (FACSCalibur, BD, USA). Each 
experiment was repeated in triplicate.

Western blotting assay
Cells were cultivated according to experimental require-
ments in 6-well plates, and RIPA lysis buffer (EpiZyme) 
was added with protein phosphatase inhibitor mix 
(EpiZyme) at a proportion of 1:100. The lysates.

were placed on ice for 30  min and swirled in 6-well 
plates occasionally.
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Then centrifuged at 4 ◦C and 12,000 × g for15 min. 
Supernatant mix with loading buffer (5 ×) and boiled 
for 5 min at 85 °C. Following measuring the protein con-
centration of each sample by a BCA protein quantitative 
kit (Beyotime), equal amounts of protein (25  μg) were 
resolved on 10% SDS-PAGE gels through electrophore-
sis (80 V for 3 h) and transferred to PVDF membranes, 
which were blocked in QuickBlock™ blocking buffer 
(Beyotime) for 1 h and incubated with primary antibody 
(concentration according to instructions) overnight at 
4  °C. After washing with TBST (EpiZyme) three times, 
membranes were incubated with secondary antibod-
ies (1:3000) at room temperature for 1 h. We visualized 
the protein bands with a chemiluminescent ECL assay 
kit (Beyotime), and images were captured by a Bio-Rad 
ChemiDoc XRS + image analyzer. The band density was 
quantified using ImageJ software.

Construction of double luciferase reporter gene vectors 
and detection of luciferase activity
Luciferase reporter gene plasmid (pGL3-Basic) and 
renillaluciferase reporter vector (PRL-TK) were used to 
study the interaction between c-Rel and the promoter 
of miR-133a-3p. Binding site sequence and mutant 
sequence were obtained through PCR and overlap PCR 
respectively, the primers are shown in Additional file  1: 
Table S1.These sequences were inserted into PGL-BASIC 
and constructed recombinant vector.

Double luciferase vector pisCHECK-2 was used to 
study the interaction between miR-133a-3p and the 
3’UTR of Akt3 or Rel. For construct recombinant vec-
tor, the 3’UTR sequence of wild-type Akt3 and Rel or the 
3’UTR mutant sequence of Akt3 and Rel were chemical 
synthesized (Additional file  1: Table  S2) and inserted 
into the upstream of HSV TK Promoter of pisCheck-2, 
respectively. All the sequences contanined XHO1, 
NOTI1 restriction sites and 200  bp before and after 
3’UTR of Akt3 and Rel were synthesized by Rui Bo Xing 
Ke Biotechnology Company, Beijing.

293FT cells were seeded into 96-well plates with  104 
every well and incubated for 24  h. According to the 
manufacturer’s instruction, 293FT cells were transiently 
co-transfected with 200 ng Rel OE or p2k7 together with 
200 ng miR-133a or miR-133a mt plasmids with 200 ng 
pRL-TK, while 0.5ul miR-32p-5p mimics together with 
100 ng recombinant pisCHECK-2 vector of Akt3 and Rel 
using Lipofectamine 3000 (Thermo Fisher Scientific; Cat-
alog Numbers:L3000015).After 48  h, firefly and Renilla 
luciferase activities were detected through Promege kit 
Dual-Luciferase Reporter Assay Sestem(E1960) accord-
ing with manufacturer’s instructions. The luciferase activ-
ity and Renilla luciferase activity of firefly were measured 
respectively in all groups first by LB941 Microporous 

plate luminescence instrument (Guangzhou Yunxing Sci-
entific Equipment Company, Software Version MikroWn 
2000 Version 1.05).Then calculated the ratio of firefly 
luciferase activity to Renilla luciferase activity through 
dividing the luciferase activity of firefly by the luciferase 
activity of Renilla.

Statistical analysis
The mean ± standard deviation from three independently 
repeated experiments were calculated. Comparisons of 
the different treatment groups were performed with Stu-
dent’s t-test and one-way analysis of variance (ANOVA). 
p-values < 0.05 were considered statistically significant 
difference.

Results
The prediction of HPV16rmiR‑TF
According to the results of previous study [5], two 
groups of miRNAs were proved to be associated with 
HPV16. The first group of miRNAs including mir-133 
family(miR-133a-3p, miR-133a-5p, miR-133b) and miR-
196a-5p; the second group of miRNAs (mir-379 ~ 369 
cluster), including miR-154-5p, miR-329-3p/5p, miR-
382-5p, miR-495-3p, miR-299-5p, miR-376b-3p, miR-
379-5p, miR-369-5p, were located in 14q32.31. These 
HPV16-related miRNAs were down-regulated in dif-
ferent stage of HPV16 infected cervical tissues in turn. 
TRANSFAC and JASPAR were used for matching and 
prediction transcription factors of every miRNA precur-
sor mentioned above, the results that can be predicted by 
both methods were selected as candidate transcription 
factors of single miRNA. The candidate transcription 
factors of each miRNA were showed in Additional file 1: 
table  S2. Among them, the highest frequency of tran-
scription factors were NF-κB family members, including 
c-Rel, p65 and p50, considered as the main HPV16rmiR-
TFs. In addition, after target genes prediction through 
a series of databases such as TargetScan, miRDB and 
miRanda, the miRNAs, transcription factors and target 
genes were integrated into TFs-miRNAs-target genes 
networks (Additional file 1: Fig. S1 and Fig. S2). Macro-
scopically, a great numbers of members involve in a huge 
network of HPV16 infection.

The nuclear expression characteristic of main 
HPV16rmiR‑TFs(NF‑κB family members c‑Rel, p65 and p50)
on HPV16 infected cervix tissues
Immunohistochemical staining on HPV16 infected cer-
vix samples showed that c-Rel, p65 and p50 were located 
in nucleus and cytoplasm. Since most NF-κB expression 
in cytoplasm were mainly in an inactive state [11], this 
study considered and determined their staining status 
in nucleus only. The immunohistochemical examples of 
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c-Rel, p65, p50 are shown in Fig. 1 while the expression 
analysis of c-Rel, p65 and p50 are shown in Table 1.The 
expression rate of c-Rel increased with the aggravation 
of cervical lesions. There were statistically significant 
differences in overall expression of groups (χ2 = 21.953, 
P < 0.001). Among them, the positive expression rate in 
infiltrating carcinoma(69%) and HSIL tissues(76.9%) was 
significantly higher than that in cervical tissues with-
out lesion(35.3%) and LSIL tissues(54.5%). There were 
no significant differences between whether HSIL and 
infiltrating carcinoma groups, or cervical tissue without 
lesion and LSIL groups (χ2 = 6.027, P = 0.110; χ2 = 2.956, 
P = 0.415 respectively).

p50 mainly expressed in HSIL and infiltrating carci-
noma tissues. The positive rate in HSIL(65.4%) and infil-
trating carcinoma tissues(73%) were significantly higher 
than that in cervical tissue without lesion(39.2%) and 
LSIL tissues(50%). Moreover, p50 positive expression rate 
in cervical invasive carcinoma group was significantly 
higher than that in HSIL group, the difference was statis-
tically significant(χ2 = 17.672, P = 0.001), while there was 

no significant difference between cervical tissue without 
lesion and LSIL groups(χ2 = 3.027, P = 0.372). The overall 
expression was statistically significant difference among 
all groups (χ2 = 17.205, P = 0.001).

The overall expression of p65 was difference in 
all groups with statistical significantly(χ2 = 16.356, 
P = 0.011). Among them, p65 positive expression rate 
in LSIL(50%), HSIL(54.5%) or cervical tissue with-
out lesion(41.2%) group has no significant difference, 
which all significant lower than that in infiltrating car-
cinoma tissues(65.5%)(χ2 = 9.905, P = 0.019; χ 2 = 7.697, 
P = 0.048; χ2 = 8.473, P = 0.031 respectively).

The relationship between nucleus expression of c‑Rel, p65, 
p50 and the stage of HPV16 infection
The nucleus expression characteristic of c-Rel, p65, p50 
indicate that they may play roles respectively in different 
stage of cervical lesion. To our knowledge, the clinical 
outcome of patients with LSIL and HSIL are significantly 
different according to series of related studies [12], 
Meanwhile, cervical cancer screening-related molecular 

Fig. 1 Representative images of immunohistochemical detection for NF-κB family (c-Rel,p50 and p65) in cervical tissues (Original images 
magnification 200 ×, Magnified images magnification 400×
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markers such as P16 are often expressed significantly dif-
ferently between LSIL and HSIL tissues [13]. Therefore, 
whether from clinical or molecular pathological perspec-
tives, LSIL/HSIL should be a distinct and appropriate 
demarcation point to distinguish HPV16 early infection 
from late infection.

Therefore, the 215 cervical samples in our study were 
divided into three groups: (1) Negative control: hr-
HPVs negative (including HPV negative cervix without 
lesions); (2) Early infection: including HPV16 positive tis-
sues with LSIL and cervix which has not yet lesions; (3) 

Advanced infection: HPV16 positive HSIL and infiltrat-
ing cervical carcinoma tissues. The difference of these 
transcription factors expression in these groups are 
shown in Table  2.The positive expression rates of c-Rel 
and p65 in early infection group were significantly higher 
than those in control group (52.8% vs 29.7%, 61.2% vs 
29.7%, χ2 = 5.69310.019; P = 0.017 0.007, respectively). 
Meanwhile, in advanced infection group, c–Rel and p50 
positive rate were significantly higher than those in the 
early infection group (73.2% vs 52.8%, 71.8% vs 47.2%; 
χ2 = 6.229, 8.014; P = 0.044, 0.018,respectively).

Table 1 Expression of c-Rel, p50 and p65 in different cervical tissues

Category Cervix without 
lesion

LSIL HSIL invasive 
carcinoma

χ2 P

c-Rel 51 22 26 116

− 33 10 6 36

 + 6 5 3 35

 +  + 8 5 8 28 19.873  < 0.001

 +  +  + 4 2 9 17

Positive rate (%) 35.3 54.5 76.9 69

NF-ĸB p65 − 30 10 13 40

 + 11 9 4 51

 +  + 6 1 5 16 16.356 0.011

 +  +  + 4 2 4 9

Positive rate(%) 41.2 54.5 50 65.5

NF-ĸB p50 − 31 11 9 31

 + 14 5 4 62

 +  + 5 5 6 16 17.205 0.001

 +  +  + 1 1 7 7

Positive rate(%) 39.2 50 65.4 73

Table 2 Expression of c-Rel, p50 and p65 in different stage of HPV16

Negative Control (n = 37) Early Infection 36) Late Infection(n = 142)

hr‑HPVs(‑) without lesion HPV16( +) cervix 
without lesion /LSIL

χ2 P HPV16( +) HSIL/
infiltrating carcinoma

χ2 P

c-Rel

 Negative (%) 26 (70.3) 17 (47.2) 5.693 0.017 38(26.8) 6.229 0.044

 Low (%) 6 (16.2) 5 (13.9) 38 (26.8)

 High (%) 5 (13.5) 14 (38.9) 66 (46.4)

NF-ĸB p65

 negative (%) 26 (70.3) 14 (38.8) 10.019 0.007 53 (37.4) 1.033 0.597

 Low (%) 9 (24.3) 11 (30.6) 55 (38.7)

 High (%) 2 (5.4) 11 (30.6) 34 (23.9)

NF-ĸB p50

 Negative (%) 23 (62.2) 19 (52.8) 0.753 0.686 40 (28.2) 8.014 0.018

 Low (%) 9 (24.3) 10 (27.8) 66 (46.4)

 High (%) 5 (13.5) 7 (19.4) 36 (25.4)
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Further Logistic regression analysis showed that c–Rel 
and p65 are related to early infection of HPV16, their 
nuclear expressions are positively correlated with the 
occurence of early HPV16 infection with statistically 
significant (OR = 4.282, 8.214; 95% confidence interval: 
1.303–14.078, 1.980–42.696; P < 0.05); while c–Rel and 
p50 are related to late infection of HPV16, their nuclear 
expressions are positively correlated with the develop-
ment of HPV16 infection with statistically significant 
(OR = 2.449, 3.978; 95% confidence interval: 1.154–5.197, 
1.595–9.924; P < 0.05) (Table 3).

Thus it can be seen that p65 and p50 acts as related risk 
factor for early and late HPV16 infection respectively, 
which might play tumorigenesis or progression role in 
different periods. While c-Rel, which gradually increased 
during the whole evolution from normal cervix to cervi-
cal cancer after HPV16 infection and significantly corre-
lated with the degree of cervical lesions, is a risk factor 
throughout the occurrence and development of cervical 
cancer during the whole process of HPV16 infection, 
involved in the whole transformation process induced by 
HPV16.

c‑Rel, p65 and p50 act as mediators which link the HPV16 
and two groups of miRNAs
Thus NF-κB family c-Rel, p65, p50 were predicted 
as probable HPV16rmiR-TFs and have been shown 
increased at different stage of HPV16 infection, they may 
act as mediators which linking the HPV16 infection and 
the two groups of miRNAs.

To test this hypothesis, we first demonstrated the 
direct relationship between HPV16 early genes and the 

expression of c-Rel, p65, p50 coding genes Rel,Rela and 
Nfκb1. Overexpression and shRNA vectors were con-
structed respectively to modulate HPV16 E5, E6,and 
E7 which expressed separately from the corresponding 
ectopic vector(named E5OE, E6OE, E7OE; shE5, shE6, 
shE7 respectively). P2K7 and H1 were transfected as 
empty control vectors (negative control)of overexpres-
sion and shRNA vector respectively. The expression of 
HPV16 E5, E6,and E7 after transfection are shown in 
Additional file 1: Fig. S3. After that, the effect on Rel,Rela 
and Nfκb1 expression were examined by qRT-PCR inde-
pendently (Fig. 2). When SiHa cells were transfected by 
shE5 vector, the expression of Rel,Rela and Nfκb1 were 
all decreased compared with negative control(All P val-
ues are less than 0.05), while when E5OE vectors were 
transfected into C33-A cells, the expression of Rel,Rela 
and Nfκb1 were all increased compared with nega-
tive control(All P values are less than 0.05). Differently, 
although shE6 and shE7 vectors infection could decrease 
Rel and Nfκb1 expression of SiHa cells(these two P val-
ues are less than 0.05), E6OE and E7OE vector could not 
correspondingly increase the Rel and Nfκb1 expression in 
C33-A cells. So the data showed that Rel,Rela and Nfκb1 
were regulated by HPV16 E5, but not sure be modulated 
by HPV16 E6 and E7.

The direct relationship between Rel,Rela and Nfκb1 
and the two groups of miRNAs were also needed to be 
demonstrated. So we then constructed overexpression 
vectors and shRNA vectors to modulate Rel,Rela and 
Nfκb1 transcriptional expression (named Rel OE, Rela 
OE, Nfκb1 OE, shRel, sh Rela, shNfκb1 respectively), The 
expression of Rel,Rela and Nfκb1 after transfection are 

Table 3 Logistic regression analysis of nuclear expression of c-Rel, p50,p65 and development of cervical cancer

Negative control Early infection Late infection

hr‑HPVs(−) HPV16( +) HPV16( +)

Without lesion/LSIL Without lesion/LSIL HSIL/carcinoma

N 37 36 142

c-Rel

 P 0.017 0.028

 OR 4.282 3.400

 95% confidence interval 1.303–14.078 1.139–10.151

p65

 P 0.015 0.659

 OR 8.214 0.816

 95% confidence interval 1.980–42.696 0.332–2.007

p50

 P 0.799 0.012

 OR 1.076 3.978

95% confidence interval 0.348–3.330 1.595–9.924
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shown in Additional file  1: Fig.  S4, afterward, the effect 
on each miRNA expression level were evaluated by qRT-
PCR independently. The data showed that almost all the 
miRNAs (including miR-329-3p/5p, miR-382-5p, miR-
495-3p, miR-299-5p, miR-376b-3p, miR-379-5p, miR-
369-5p) were regulated by Rel (Their P values are less 
than 0.05), the first group miRNA member miR-133a-5p 
was modulated by Rela (P < 0.05), while most members 
of the second group of miRNAs (including miR-299-
5p,miR-329-3p, miR-369-5p, miR-495-3p, miR-376b-3p, 
miR-379-5p) were modulated by Nfκb1 (Their P values 
are less than 0.05) (Fig. 2).

 c‑Rel affects the occurrence and progression 
of cervical cancer during whole HPV16 infection stage 
through mir‑133 family and miR133a‑3p–modulated 
mir‑379–369 cluster
Unlike p65 and p50, c-Rel act as a risk factor through-
out the occurrence and development of cervical cancer 
during the whole process of HPV16 infection according 

data above. Consistently, after modulate the expression 
of c-Rel, not only group 1 mir-133 family, but also the 
majority members of mir-379-369 cluster were affected 
as well, while p65 and p50 increases the risk of cervical 
cancer incidence or development in early or late stages of 
HPV16 infection by affecting only miR-133a-5p or mir-
379-369 cluster corresponding respectively.

Although these results revealed parts of relationship 
among HPV16 infection, HPV16rmiR-TFs, two groups 
of miRNAs and the progression of cervical lesions, 
the exact mechanisms in which are not yet entirely 
clear. Due to the two sets of miRNAs change steply 
in HPV16 cervical lesions, there may be regulatory 
relationship between them, especially the cumulative 
effect of the first group miRNAs may affect the expres-
sion and function of the second group miRNAs. So to 
test this hypothesis, when mir-133 family and miR-
196a were modulated through corresponding miRNA 
inhibitors or miRNA mimics transfected, the second 
group miRNAs (mir-379–369 cluster) expression were 

Fig. 2 c-Rel, p65 and p50 link the HPV16 oncoprotein and two groups of HPV16rmiRNAs. A: Rel, Nfκb1 and Rela were regulated by HPV16 E5, they 
were increased by the increase of E5 and decreased by the decrease of E5; B: Rel, Nfκb1 and Rela were not regulated by HPV16 E6, Rel and Nfκb1 
were decreased with the decrease of E6,but they were not changed when E6 overexpression; C: Rel, Nfκb1 and Rela were not regulated by HPV16 
E7, Rel and Nfκb1 were decreased with the decrease of E7,but they were not changed when E7 overexpression. D: HPV16rmiRNAs were regulated 
by c-Rel, almost all these miRNAs increased when the shRel transfected in SiHa cells and decreased when the Rel OE transfected in C33-A cells; E: 
p65 regulate miR-133a-5p which increased when the shRela transfected in SiHa cells and decreased when the Rela OE transfected in C33-A cells; F: 
miR-299-5p,miR-329-3p, miR-369-5p, miR-495-3p, miR-376b-3p, miR-379-5p were modulated by p50,they increased when the shNFκb1 transfected 
in SiHa cells and decrease when the NFκb1 OE transfected in C33-A cells. *:P < 0.05
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tested. The results showed that miR-133a-3p and miR-
133b are the main mediators of mir-379–369 cluster 
members, while the other two miRNAs (miR-196a and 

miR-133-5p) of the first group miRNAs had no signifi-
cant effect on the second group miRNAs (mir-379–369 
cluster members) (Fig. 3).

Fig. 3 The regulation relationship between two groups of HPV16rmiRNAs. A: miR-133a-3p regulates the group 2 miRNAs, miR-299-5p,miR-329-3p, 
miR-369-5p, miR-495-3p, miR-376b-3p, miR-379-5p increased with the increase of miR-133a-3p and decreased with the decrease of miR-133a-3p. 
B:The group 2 miRNAs are not affected by miR-133a-5p; C: miR-133b regulates the group 2 miRNAs, miR-299-5p,miR-329-3p, miR-369-5p, 
miR-495-3p, miR-376b-3p, miR-379-5p and miR-154-5p increased with the increase of miR-133b and decreased with the decrease of miR-133b; D: 
The group 2 miRNAs are not affected by miR-196a.*:P < 0.05
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HPV16 E5, c‑Rel and miR‑133a‑3p all affect cell 
proliferation, apoptosis, migration, invasion 
and autophagy
The potential cellular function of HPV16 E5, c-Rel and 
miR-133a-3p were investigated by examining the effect 
on cell proliferation, apoptosis, migration, invasion and 
autophagy in this study.

The effect on cell proliferation was determined by con-
ducting EdU assays. The results showed that in C33-A 
cells, transfer the HPV16 E5 expression increased the 
percentage of EdU incorporated cells to (71.67 ± 3.712)% 
compared with the control, which exhibited 
(46.67 ± 4.41)% incorporation(P < 0.05). However, EdU 
incorporation decreased to (12.67 ± 0.9)% when Rel was 

downregulatedd and to (10. 8 ± 0.4726)% when miR-
133a-3p was overexpressed compared with (25.05 ± 0. 
865)% and (21.93 ± 0.9753)% respectively in the control 
in SiHa cells(All P values are less than 0.05) (Fig. 4A).

To evaluate the effect of HPV16 E5, c-Rel and miR-
133a-3p on cell apoptosis, we performed Annexin V/
propidium iodide (PI) assay. Annexin V + /P stained cells 
represent early apoptotic cells, whereas Annexin V + /
PI + stained cells represent late apoptotic cells or necrotic 
cells. Transferring HPV16 E5 to C33-A cells significantly 
decreased late apoptotic percentage (48.6% ± 0.729% 
vs. 41.07% ± 0.415%, P < 0.05), whereas Rel down-reg-
ulation and miR-133a-3p up-regulation increased the 
SiHa cell apoptosis (early apoptotic cells with P < 0.05: 

Fig. 4 HPV16 E5, c-Rel and miR-133a-3p all affect cell proliferation, apoptosis, migration, invasion and autophagy. A: EdU staining indicating C33-A 
cell proliferation increases when HPV16 E5 is overexpressed; EdU staining indicating SiHa cell proliferation decreases when Rel is silenced and when 
miR-133a-3p is overexpressed; B: flow cytometry analysis of annexin V and propidium iodide-stained C33-A cells transfected with HPV16 E5 OE 
or SiHa cells treated Rel shRNA,miR-133a-3p mimics; C:The colony-formation ability of SiHa cells with shHPV16E5,shRel and miR-133a-3p mimics 
compared with negative control from 50 to 200 cell inoculation densities, the colony-formation ability have all been reduced
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7.367% ± 0.219% vs. 10.34% ± 0.307%, late apoptotic 
cells with P < 0.05: 18.77% ± 0.589% vs. 32.7% ± 0.923%; 
early apoptotic cells with P > 0.05: 3. 293% ± 0.0176% 
vs. 3.210% ± 0.026%, late apoptotic cells with P < 0.05: 
23.57% ± 1.053% vs. 35.53% ± 0.845% respectively) 
(Fig. 4B). In addition, the colony-formation ability of cells 
were compared in terms of plate colony assay. The results 
showed that colony-formation ability of SiHa cells with 
shHPV16E5 were reduced compared with SiHa cells with 
empty H1 vector; While in SiHa cells with shRel com-
pared with H1 vector, or in SiHa cells with miR-133a-3p 
mimics compared with negative control sequence, the 
colony-formation ability have all been reduced (Fig. 4C);

After that, the effect of HPV16 E5, c-Rel and miR-
133a-3p on early autophagy were tested through P62 
protein western blotting assay. The results showed that in 
C33-A cells, transfer the HPV16 E5 OE vector decreased 
the P62 expression. In contrast, when Rel was inhibited 
and miR-133a-3p was up-regulated, the protein level 
of P62 was significantly increase (Fig.  5). It means that 

HPV16 E5, c-Rel and miR-133a-3p all affect the ability 
of cell autophagy, HPV16 E5 and c-Rel can improve early 
autophagy capacity while miR-133a-3p which down-reg-
ulated by them can weaken autophagy capacity.

c‑Rel affects miR133a‑3p and subsequent mir‑379‑369 
cluster with a positive feedback way
As a transcription factor that functions throughout the 
whole process of HPV16 infection, Rel was predicted 
binding directly to the promoter sequence of mir-133a 
precursor through JASPAR. To verify the prediction, 
wild-type mir-133a promoter(wt) sequence or mutant-
type mir-133a promoter(mt) sequence were inserted 
into the firefly luciferase reporter gene upstream MCS of 
dual-luciferase vector pGL3-Basic respectively (named 
miR-133a wt and miR-133a mt) (Additional file  1: 
Fig.  S3), Rel overexpression vector plus with miR-133a 
wt or miR-133a mt pGL3-Basic vectors, renillaluciferase 
reporter vector (PRL-TK) were co-transfected to 293FT 
cells, a significant reduction of luciferase activity was 

Fig. 5 Western blotting was utilized to detect the protein relative expression of early autophagy proteins P62 in cervical cancer cell. A: P62 relative 
expression in C33A with HPV16 E5OE VS. P2K7 vector. The bar chart indicate that P62 expression decrease when HPV16 E5 overexpression; B: P62 
relative expression in SiHa with Rel shRNA,Nfκb1 shRNA,Rela shRNA VS.H1 vector. The bar chart indicate that P62 expression increase when Rel, Nfκb1 
and Rela knockdown; C: P62 expression in SiHa with miR-133 mimics VS negative control. The bar chart indicate that P62 expression increase when 
miR-133 overexpression.* P < 0.05
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observed in miR-133a wt compared with miR-133a mt 
(P < 0.05), it confirmed that the promoter sequence of 
mir-133a precursor is bound to transcription factor Rel.
(Fig. 6).

Interestingly, the inhibition of miR133a-3p by Rel 
seems to be strengthened in a positive feedback man-
ner. Briefly, after overexpress the expression of miR-133a, 
the Rel expression was found decreased accordingly 
(P < 0.05, Fig. 7). It suggests that there exists mutual regu-
lation between miR-133a and Rel. Rel not only regulate 
miR133a-3p by acting directly on its precursor promoter, 
but also can be affected by the mature miR133a-3p 
directly or indirectly in turn. While through miR133a-3p 
and this feedback loop, the mir-379-369 cluster members 
down regulated followed. This founding also explain why 
c-Rel plays roles on HPV16 infection in cervical lesions 
from early to late stage.

miR133a‑3p affects c‑Rel in turn through miR329‑5p which 
targets at Akt3 and Rel itself to form the feedback loop
About the positive feedback loop, although it has been 
demonstrated that Rel can combine at the precursor 
promoter of miR133a-3p to regulate it, the mechanisms 
by which miR133a-3p affects c-Rel in turn remained 
unknown. So through TargetScan, HPV16-related miR-
NAs’ target genes were predicted. Among the predicted 
target genes, miR-133a-3p is not found to bind Rel 
3’UTR directly, so it can be considered that the regula-
tion of c-Rel by miR-133a-3p is not direct. In spite of it, 

the second group of HPV16 related miRNAs mir-379-
369 cluster member miR329-5p which be regulated by 
miR-133a-3p, can be predicted combine 3’UTR of Rel 
and Akt3 (a known positive regulator of c-Rel)(14, 15). 
Therefore, the 3’UTR wild sequence or mutant sequence 
of Akt3 and Rel were inserted into the upstream of HSV 
TK promoter of dual-luciferase vector pisCHECK-2 
respectively, which named Akt3 mt, Akt3 wt, Rel mt, Rel 
wt respectively. Compared with Akt3 3’UTR mt, when 
miR-329-5p mimics and Akt3 3’UTR wt were co-trans-
fected into 293FT cells, the enzyme activity fluorescein is 
observed significantly reduced (P < 0.05), confirming that 
miR-329-5p binds to 3’UTR of Akt3. In the same way, it 

Fig. 6 Rel binds directly to the promoter sequence of mir-133a precursor. A:The map of pGL3-Basic vector and the insert position in it; B: The 
binding site of Rel on mir-133a precursor. Among them, two mutant site(miR-133a2mt and miR-133a3mt) were located in bingding site 2; C:The 
activity luciferase of miR-133a2 VS. miR-133a2mt is 0.516, which showed that Rel can bind directly to the promoter sequence of mir-133a precursor 
binding site 2.* P < 0.05

Fig. 7 miR-133a affects the Rel expression in SiHa cells. When 
miR-133a mimics transfected to SiHa cells, the Rel expression 
decreased significantly.*:P < 0.05
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can be observed that compared with Rel 3’UTR mt, the 
luciferase activity of Rel 3’UTR wt is significantly reduced 
(P < 0.05), which also confirming that miR-329-5p binds 
to 3’UTR of Rel. So both Akt3 and Rel are the target 
genes of miR-329-5p in the miR379 ~ 369 cluster (Fig. 7). 
These results all indicate that miR-133a-3p mediated the 
positive feedback loop of c-Rel through the member of 
miR379 ~ 369 cluster miR-329-5p which targets Akt3 and 
Rel. (Fig. 8).

Discussion
High-risk HPVs are highly associated with many types 
of cancer, especially cervical cancer. Here we began our 
studies on the basis of pervious founding about two 
groups of miRNAs which related to HPV16 infection of 
cervical tissues. These miRNAs demonstrate stepwise 
down-regulation characteristic from HPV-free normal 
cervix samples to HPV16-infected cervix samples, or 
exclusively down-regulated when the cervix is trans-
formed to a cancerous state. That was the first report 
demonstrating a stepwise down-regulation of miRNAs in 
cervical cancer development. In addition, we also dem-
onstrated for the first time that the HPV16 early gene E5 
specifically reduces miR-196a involved in previous study 
[5].

The aberrant expression of this two groups of miRNAs, 
might gradually transform the normal cervix to a can-
cerous state in the case of HPV16 infection, whose tran-
scription factors were predicted NF-κB family mainly. 
According to many studies in this area, NF-κB family was 
confirmed to be interfered by HPV infection [16]. How-
ever, most founding of these studies focus on the regula-
tion of HPV-16 E6 and E7 on NF-κB expression, which 
always present conflicting data whether HPV-16 E6 and 
E7 stimulate or suppress NF-κB activation [10, 17]. Simi-
lar to this, we also concluded that the effects of HPV16 
E6 and E7 on NF-κB were not exact through this study. 
But HPV16 E5 was found to precise regulation effects on 
NF-κB family c-Rel, p65, p50 through cell model experi-
ment in this study. To our knowledge, this is the first 
time demonstrating the regulatory relationship between 
HPV16 E5 and NF-κB family members c-Rel, p65, p50 
(transcription factors of these HPV16 related miRNAs) 
since E5 was reported to reduce miR-196a.

NF-KB family has been confirmed to be involved in the 
development and progression of many cancers by inter-
acting with multiple miRNAs as transcription factors or 
downstream target genes [18–20], or even as both tran-
scription factors and downstream target genes of miR-
NAs to form feedback loops [21, 22]. Not only through 
bioinformatics predictions, the regulating function of 

Fig. 8 miR329-5p can combine 3’UTR of Rel and Akt3.A: The map of pisCHECK-2 vector and the insert position in it. B: The Rel 3’UTR binding site of 
miR329-5p; C: The Akt3 3’UTR binding site of miR329-5p; D: The activity luciferase of Rel wt and Rel mt; E: The activity luciferase of Akt3 wt and Akt3 
mt.*:P < 0.05
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NF-κB family member c-Rel, p65, p50 as transcription 
factor respectively on the miRNAs above was verified at 
the first time in this study. Briefly, the first group miRNA 
member miR-133a-5p was modulated by p65, while most 
members of the second group of miRNAs (including 
miR-299-5p, miR-329-3p, miR-369-5p, miR-495-3p, miR-
376b-3p, miR-379-5p, miR-154) were modulated by p50, 
and almost all these miRNAs(including the first and the 
second group) were regulated by c-Rel.

The regulatory effects of c-Rel, p65 and p50 on miRNAs 
at different stages of HPV16 infection were also corrobo-
rated by the expression characteristics of tissue samples. 
They all show some degrees of nuclear expression in pro-
gression of cervical lesions, which is similar to previous 
reports [23, 24]. In particular when HPV infection was 
divided into stages according to the clinicopathological 
and molecular characteristics of cervical lesions, c-Rel, 
p65 and p50 were found to show specific associations 
at corresponding periods of HPV16 infection, respec-
tively. Briefly, p65 which regulates one of member of the 
first group of miRNA miR-133a-5p, is associated with 
early HPV16 infection; p50 which regulates most mem-
bers of the second group of miRNAs, is associated with 
late HPV16 infection; undoubtedly, c-Rel which regu-
lates almost all members of the two groups of miRNAs, 
is associated with the whole stages of HPV16 infection. 
Therefore, in addition to our previous research, a regu-
lating network composed of HPV16 E5, three important 
transcription factors and these two groups of miRNAs 
was described in this study, which is closely involved in 
the pathological changes caused by HPV16 infection. The 
specific functions of this network have also been proved 
by the studies about the effects of HPV16 E5, c-Rel 
and miR-133a-3p on cell proliferation, apoptosis, and 
autophagy and so on. All of these important members of 
the network, as interrelated components, participate in 
the malignant behavior of the cell.

In subsequently, the most striking results about the 
regulating mechanism of this network were observed, 
which can explain the reason that c-Rel play roles in the 
whole process of HPV16 infection by regulating almost 
all these miRNAs. Although both c-Rel and p65 were 
found to suppress some miRNAs expression of the first 
group, the most important difference between them 
is whether there is an inhibited effect on miR-133a-3p 
and miR-133b, which were found to link the second 
group mir-379 ~ 369 cluster with further co-regulation 
on its members. This shows that c-Rel can down-reg-
ulate mir-379 ~ 369 by inhibiting miR-133a-3p and 
miR-133b. In addition, c-Rel and miR-133a-3p can 
form a feedback loop which leading to the inhibition 
of c-Rel on miR-133a-3p and even downstream mir-
379 ~ 369 strenthening constantly. Through molecular 

interaction research, the key events of this feedback 
loop were found, which mainly about c-Rel down-reg-
ulates miR-133a-3p by binding its precursor promoter 
sequence, down-regulation of miR-133a-3p can con-
tinue to inhibit the expression of mir-379 ~ 369 cluster 
members including miR-329-5p which targeting 3’UTR 
of Rel itself and its positive regulator Akt3. So far, After 
HPV16 infection, the network that abnormally raises 
the transcription factor c-Rel caused by early gene E5 
and strengthening by down-regulating miR-133a-3p 
through an intensifying feedback loop leading to the 
subsequent decrease of a series tumor suppressive miR-
NAs of mir-379-369 cluster has been clearly mapped. 
With such a network, c-Rel acts on the whole process 
of occurrence and progression of cervical cancer dur-
ing early and late HPV16 infection by affecting cell pro-
liferation, apoptosis, and autophagy and so on. About 
these HPV16 related miRNAs, although there were 
some studies about a few of them in cervical cancer 
reported previously [25–27], this regulatory network 
and its function, regulation mechanism on cervical 
cancer is presented firstly. Thus, our study provided the 
latest interpretation of the pathogenesis and progres-
sion of cervical cancer.
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