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Abstract 

Chromatin in cervical cancer (CC) undergoes chemical and structural changes that alter the expression 
pattern of genes. Recently, a potential mechanism, which regulates gene expression at transcriptional 
levels is the proteolytic clipping of histone H3. However, until now this process in CC has not been 
reported. Using HeLa cells as a model of CC and human samples from patients with CC, we identify that 
the H3 cleavage was lower in CC compared with control tissue. Additionally, the histone H3 clipping 
was performed by serine and aspartyl proteases in HeLa cells. These results suggest that histone H3 
clipping operates as part of post-translational modification system in CC. 
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Introduction 
Cervical cancer (CC) is the third most common 

cancer worldwide with 530 000 new cases and 275 000 
deaths each year. It is the sixth most common cancer 
in women in developed countries and the second 
most common cancer in underdeveloped countries 
[1]. Current treatment for CC is suboptimal and the 
identification of new carcinogenic pathways could 
provide new therapeutic targets. 

During the different stages of CC development, 
accumulation of epigenetic alterations leading to 
changes in gene expression are observed. Altered 
mechanisms of epigenetic regulation in CC include 
DNA methylation, post-translational modifications 
(PTMs) of histones, and noncoding RNAs. Frequently 
in CC, hypermethylation within the promoter region 

of genes are involved in cell cycle, apoptosis, DNA 
repair, proliferation, cell adhesion, and metabolism 
leading to transcriptional repression [2]. DNA 
methylation in the promoter region of genes enables 
the recruitment of the histone deacetylases (HDACs) 
resulting in gene silencing in CC [3-5]. Additionally, it 
has been reported that histone modifying enzymes 
like HDAC1 and HDAC2 are over-expressed in 
cervical dysplasia and invasive carcinoma [6], 
suggesting that the dysregulation of enzymes that 
modify histones in CC is a mechanism by were gene 
silencing occurs. Finally, an association of different 
miRNAs to cervical carcinogenesis has been reported 
[2].  

Recently an increasing number of publications 
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have reported histone H3 clipping in human cells 
such as embryonic stem cells (hESCs) [7], senescent 
fibroblasts and melanocytes [8], peripheral blood 
mononuclear cells (PBMCs) [9], Raji cells [10], and 
hepatocytes [11]. Analysis of the proteolytic clipping 
of histone H3 in the differentiation of hESCs 
evidenced that the N-terminal tail of H3 can be 
cleaved in different sites and it was mediated by a 
serine protease [7]. In addition, proteolytic clipping of 
histone H3 was performed by a cysteine protease, 
cathepsin L, in models of oncogene-induced and 
replicative senescence. Notably, it was suggested that 
cleaved products of H3 could contribute to regulate 
genes implicated in cell cycle-promotion, DNA 
replication, cellular proliferation, apoptosis and 
migration in senescence [8].  

Since histone H3 clipping only has been identify 
in a hepatocellular carcinoma cell line [11] and PTMs 
play an important role in cancer development, the aim 
of this study was to investigate if proteolytic clipping 
of histone H3 occurs in CC.  

Material and Methods 
Patients 

In the present work 5 samples of patients 
diagnosed with CC and 1 patient non-cervical cancer 
(NCC) were used. NCC patient was negative to HPV 
presented normal pathology and was submitted to 
hysterectomy due to diagnosis of uterine myoma. The 
protocols were previously approved by the ethics 
committee of the Hospital Juarez de Mexico 
(HJM2231/13-B). After signing the informed consent, 
a biopsy was taken of each patient and divided into 
three parts; the first one for pathological confirmation 
of at least 80% of tumor cells, the second one for 
obtaining DNA and the remaining part was used to 
obtain total proteins extracts. All patients diagnosed 
with CC were classified according to the International 
Federation of Gynecology and Obstetrics (FIGO). 
However, the information concerning to FIGO 
classification was obtained only of 3 patients and it is 
included in the table 1. 

Cell culture   
HeLa cells were obtained from the American 

Type Culture Collection (ATCC) and cultivated in 
advanced DMEM (Gibco) supplemented with 8 % FBS 
(Gibco), 100 U/ml penicillin, 100 µg/ml streptomycin 
(Gibco) and 4 mM L-glutamine. Cells were grown at 
37 °C in a humidified atmosphere containing 10% 
CO2. For inhibition experiments, cells were treated 
independently with 0.5 mM of 4-(2-Aminoethyl) 
benzen esulfonyl fluoride hydrochloride (AEBSF), 27 
µM of trans-epoxysuccinyl-L-leucylamido-(4- 

guanidino) butane (E64) or 15 µM pepstatin A 
(dissolved in 10% (v/v) acetic acid in DMSO) (9:1 
DMSO:acetic acid) for 12 hours. The inhibitors were 
purchased from (Sigma-Aldrich). AEBSF dose was 
used as manufacturer's instructions. Doses of E64 and 
pepstatin A inhibitors for HeLa cells are described in 
the literature [12]. 

 

Table 1. Features of patients with CC. 

 P1 P2 P3 P4 P5 
Pathology ADC SCC SCC ADC SCC 
FIGO IB1 NI IIIB NI IB2 
HPV genotype 16, 31 16,18, 59 16, 31, 59 16, 31, 59, 70 16 
HPV copy 
number 

104, 102 102, 102, 102 104, 104, 102 102, 102, 102, 102 104 

CC, cervical cancer; ADC, adenocarcinoma; SCC, squamous cell carcinoma; FIGO, 
International Federation of Gynecology and Obstetrics; NI, not identified. 

 

Immunoblot analysis 
Immunoblotting assays were performed using 

total proteins extracts from HeLa cells, NCC and CC. 
All samples were obtained with RSB buffer (10 mM 
Tris-Cl, pH 7.4, 10 mM NaCl, 3 mM MgCl2, 1% NP40) 
supplemented with “complete” protease inhibitor 
cocktail. Briefly, samples were dissolved in 2X 
Laemmli-buffer with β-mercaptoethanol, heated to 
95ºC for 8 min, and loaded onto a 15% 
SDS-polyacrylamide gel. Proteins were transferred to 
a PVDF membrane by damp blotting at 40 mA for 3 h. 
The PVDF membrane was blocked with 5% milk in 
TBS-T (10X TBS-T: 198 mM Tris, 1400 mM NaCl, 
0.01% Tween 20, pH 7.6) for 1 h. Then the PVDF 
membrane was incubated overnight at 4ºC with the 
primary H3 antibody (Thermo Fisher Scientific) or 
HRP conjugated-GAPDH antibody (Cell Signaling 
Technology). We use a h3 primary antibody that 
recognizes the residues of the C-terminal of the 
human histone H3. H3 was used at a 1:500 dilution 
and GAPDH used at a 1:1000 dilution. Membrane was 
subsequently washed thrice in TBS-T. Incubation with 
HRP-conjugated secondary antibody (Jackson 
ImmunoResearch) was performed by 1 h at room 
temperature for only H3. Then, the membrane was 
washed thrice in TBS-T. Proteins were visualized 
using the SuperSignal™ West Femto Maximum 
Sensitivity Substrate (Thermo Fisher Scientific) and 
Gel Doc XR system (Bio-Rad). GAPDH was used as 
loading control. 

Genotyping and load of HPV 
DNA extraction from the patient’s tissue was 

performed following manufactures instructions 
(Invitrogen Thermo Fisher Scientific). After this, 
genotyping and copy number determination of HPV 
was carried out through Anyplex II HPV28 detection 
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kit (Seegene) following the manufactures instructions. 
Briefly, in 20 µl PCR reaction 1x of HPV28 primer mix 
A (14 high-risk HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 
52, 56, 58, 59, 66, 68) or B (5 high risk HPV types: 26, 
53, 69, 73, 82 and 9 low risk types: 6, 11, 40, 42, 43, 44, 
54, 61, 70), 1x Anyplex master mix, and approximately 
50 ng of DNA were added. The thermocycling 
conditions was as follow: an initial step at 50 °C for 4 
minutes and a denaturation step at 95 °C for 15 
minutes. The samples underwent 30 cycles at 95 °C for 
30 seconds, 60 °C for 60 seconds and 72 °C for 30 
seconds. After this, the reaction mix was followed by 
a 55 °C step for 30 seconds and a melting curve 
analysis at 55 to 85 °C (5s/0.5°C). The PCR reactions 
continue cycling at the same temperature for 10 cycles 
followed by melting curve analysis. This last step was 
repeated for another 10 cycles, so the melting curve 
analysis were obtained at 30, 40, and 50 cycles. The 

PCR reaction were done in a CFX96 Real Time PCR 
System (Bio-Rad) as recommended by the 
manufacturer.  

As positive controls, three plasmid constructs 
with all HPV genotypes provided by the kit were 
used. The results were analyzed with the software 
Seegene Viewer version 2.0 (Seegene). This is a semi 
quantitative test where the results are indicated at 30 
cycles (equivalent of 107 copies), 40 cycles (104 copies) 
or 50 cycles (102 copies). 

Results and discussion 
H3 truncated products generated by cleavage in 

distinct sites of H3 N-terminal tail has been reported 
in different cellular types (Fig. 1A) [7, 8]; nevertheless, 
proteolytic clipping of histone H3 has not been 
identified in CC. 

 
Figure 1. Low proteolytic clipping of histone H3 in CC. A) The schematic drawing of Core Domain and H3 N-terminal tail shows the frequent cleavage sites 
(solid lines) reported in hESCs, senescent fibroblasts and melanocytes [7, 8]. Numbers designate the position of the amino acids in H3. B) Western blot analysis of 
H3 indicated low levels of cleavage product (asterisk) in HeLa cells as compared with sample of non-cervical cancer (NCC). Complete H3 (arrow) was only identified 
in HeLa cells. C) Immunodetection of H3 by western blot showed low levels of cleavage product (asterisk) in different samples of CC (lane 2 – 6; CC) as compared 
with sample of NCC (lane 1; NCC). GAPDH expression was analyzed in parallel as an internal control. The running position of protein markers is shown on the left. 
The result is representative of at least three separate experiments. 

 

 
Figure 2. H3 is cleaved by serine and aspartyl proteases. HeLa cells were treated with different proteases inhibitors (+) or vehicle (-) as described in Material 
and Methods. A) Cells treated with AEBSF, an inhibitor of serine proteases, showed reduced levels of H3 complete (arrow) and cleavage (asterisk) as compared with 
vehicle. B) HeLa cells treated with Pepstatin A (Pep A) showed a reduction of H3 complete (arrow) and cleavage (asterisk). C) HeLa cells treated with E64 (an 
inhibitor of cysteine protease) did not showed any differences in the H3 proteolytic clipping as compared with vehicle. GAPDH expression was analyzed in parallel 
as an internal control. The running position of protein markers is shown on the left. The result is representative of at least three separate experiments. 
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Using HeLa cells, a cellular line of CC, we 
identified reduced levels of a cleaved H3 product in 
comparison to NCC, (Fig. 1B), suggesting that histone 
H3 is lower cleave in CC cells compared with control 
tissue. This observation is interesting because a recent 
study did not observe the cleavage of histone H3 in 
HeLa cells [11]. This discrepancy could be due to 
differences in the sample preparations in both 
protocols. We used RSB buffer, which contains 10 mM 
Tris-Cl pH 7.4, 10 mM NaCl, 3 mM MgCl2 and 1 % 
NP40 supplemented with “complete” protease 
inhibitor cocktail. Tvardovskiy A, et al [11] used 
modified RIPA buffer, that contain: 50 mM Tris-Cl pH 
8.0, 150 mM NaCl, 1 mM EDTA, 0.5 mM EGTA, 0.5 % 
sodium deoxycholate and 0.5% SDS supplemented 
with “complete” protease inhibitor cocktail and 
“PhosSTOP” phosphatase inhibitors. To last, a 
monoclonal antibody against C-termini of H3 histone 
(E.960.2, Thermo Fisher Scientific), was used in the 
present study compared to a polyclonal antibody 
(Anti-Histone H3 antibody, ab1791, Abcam) used in 
Tvardovskiy A, et al [11]. Monoclonal antibodies have 
been documented to possess higher specificity and it 
may explain why Tvardovskiy A, et al [11] did not 
inmunodetect the cleaved H3 product. Additionally, 
the truncated product of H3 (13 kDa) that we 
observed in HeLa cells had similar molecular weight 
as the H3 cleavage product reported in hESCs [7] and 
the proximal cleavage observed in senescent 
fibroblasts and melanocytes [8]. On the other hand, 
the band indicating complete histone H3 was not 
detected in NCC (Fig. 1B). Thus, these results could 
indicate that histone H3 is highly cleaved in NCC. 

We also explore the proteolytic cleavage of the 
histone H3 in samples of patients with CC. The 
characteristics of the samples used in this study are 
indicated in table 1. In agreement with what we 
observed in HeLa cells, the western blot analysis 
showed a decreased in the cleavage product of H3 in 
CC samples of patients as compared with NCC (Fig. 
1C). The intensity of the bands corresponding to 
complete and cleavage product of H3, was reduced in 
samples of adenocarcinoma (Fig.1C). The H3 cleavage 
could be reduced independently of the CC type 
(adenocarcinoma or squamous cell carcinoma), 
genotype or copy number of HPV. We do recognize 
that the number of human samples used here are low 
and the interpretation of this data should take 
cautiously. 

To identify the enzymes participating in the 
histone H3 clipping, HeLa cells were treated with 
inhibitors of different protease classes as described in 
material and methods. Western blot indicated that the 
cleavage of H3 was inhibited when HeLa cells were 
pre-treated with AEBSF, a serine protease inhibitor, 

since the lower weight band was not observed. Of 
note, the intensity of the band indicating complete H3 
was also reduced in treated cells (Fig. 2A). Consistent 
with this, it has been suggested that the peptide 
released during the histone H3 clipping participates 
regulating the expression of the H3 [20]. Similar to 
AEBSF, the pre-treatment with Pepstatin A (Pep A) 
reduced the levels of H3 cleavage product (Fig. 2B). In 
contrast, pre-treatment with E64 did not inhibit the 
cleavage of H3 (Fig. 2C). Together, these results 
suggest that the proteolytic clipping of histone H3 
occurs in CC and this is exerted by serine and aspartyl 
proteases. In accordance, it has been reported that H3 
cleavage was performed by a serine protease in hESC 
[7]. To our knowledge, the aspartyl protease activity 
participating in cleavage of H3 has not been reported 
heretofore and it may be a peculiarity in CC. It was 
previously showed in vitro that human recombinant 
legumain or purified bovine kidney legumain can 
cleave recombinant histone H3, additionally, even 
though this enzyme is expressed in nucleus of colon 
cancer cell lines, the proteolytic clipping of 
endogenous H3 histone has not been reported in these 
cell lines [13]. Others enzymes participating in this 
process are cathepsin L and D [8, 14, 15], granzyme A 
[10], glutamate dehydrogenase (GDH) [16], PRB1 [17], 
the viral protease 3C [18], and matrix 
metalloproteinase 9 (MMP-9) [19]. We did not 
investigate if these other enzymes classes are 
implicated in the cleavage of H3 in CC cells.  

Histones modifications regulate gene expression 
and drastic changes in gene expression take place in 
CC [2]. Thus, it is not surprising that alterations in 
histone modifications occurs in different types of 
cancer [20]. Furthermore, different reports account the 
potential used of histone modifications as biomarkers 
or as a target for epigenetic therapy [2, 20, 21]. It has 
been suggested that H3 cleavage in humans regulates 
different biological process [7, 8]. In this work our 
results suggest that H3 cleavage was lower in CC 
compared with control tissue. Thus, it is valid to 
speculate that histone H3 clipping may be implicated 
in the genetic regulation during development of CC. 
More studies are needed to explore the functional 
outcomes of our findings.  
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