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Abstract: Objective: This study is to identify and investigate the proteins interacting with pORF5 implicated in the 
pathogenesis of C. trachomatis. Methods: The isobaric tags for relative and absolute quantitation (iTRAQ) approach 
combined with nano liquid chromatography-tandem mass spectrometry (NanoLC-MS/MS) analysis was applied to 
identify and quantify the differentially expressed proteins in the pORF5-transfected HeLa (pORF5-HeLa) cells and the 
control vector-transfected HeLa (vector-HeLa) cells. Quantitative real-time PCR (qRT-PCR) and Western blot analysis 
were performed to detect the mRNA and protein expression levels. Results: Totally 3355 proteins were quantified 
by employing biological replicates, 314 of which were differentially expressed between the pORF5-HeLa and vector-
HeLa cells. Nine differentially expressed proteins (HIST1H1C, HBA1, PARK7, HMGB1, HMGB2, CLIC1, KRT7, SFN, 
and CDKN2A) were subjected to qRT-PCR, and two over-expressed proteins (HMGB1 and PRAK7) were subjected to 
the Western blot analysis, to validate the proteomic results. The results from the qRT-PCR and Western blot analysis 
were consistent with the findings from the proteomic analysis. Moreover, pORF5 could inhibit the TNF-α-induced 
apoptosis in HeLa cells. Through siRNA-mediated functional screening, the high-mobility group box 1 (HMGB1) was 
shown to be relevant to the inhibition of the apoptotic response in the host cells. Conclusion: Identification of key 
proteins interacting with pORF5 could contribute to the understanding and further exploration of the function of 
pORF5 in the pathogenic mechanisms of C. trachomatis.
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Introduction

Chlamydia trachomatis (C. trachomatis), an 
obligate intracellular bacterium, is the patho-
gen responsible for several human diseases. 
Up to now, there are 19 known serological vari-
ants of C. trachomatis. Serovars A-C are associ-
ated with endemic and blinding trachoma [1], 
serovars D-K with sexually transmitted diseas-
es, and serovars L1, L2, and L3 with lympho-
granuloma venereum, a sexually transmitted 
systemic disease [2]. Despite the differences in 
the tissue tropism, all C. trachomatis organ-
isms share a conserved biphasic growth cycle, 
which is initiated and completed in a cytoplas-
mic vacuole called the inclusion. The develop-
mental cycle of Chlamydia starts since the inva-

sion of the metabolically inert and environmen-
tally stable infectious particles (i.e., the elemen-
tary bodies, EBs) into the target host cells [3, 4]. 
Thereafter, the EBs would differentiate into the 
vegetative, non-infectious reticulate bodies 
(RBs) in the host cells. After replication, the 
progeny RBs would differentiate to EBs, which 
then leave the infected cells to further invade 
the adjacent target cells [5]. Due to the lacking 
of symptoms in the individuals infected with C. 
trachomatis, it is difficult to effectively control 
the C. Trachomatis infection with antibiotics. 
Currently, prophylactic vaccines may be one of 
the most effective approaches preventing and 
avoiding C. trachomatis-induced pathologies 
[6].

http://www.ajtr.org
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At present, the pathogenesis of C. trachomatis 
remains unclear, probably due to the limited 
knowledge of the function of C. trachomatis 
antigens in the pathogenesis and protective 
immunity. The cryptic plasmid is the virulence 
factor for C. trachomatis, and the plasmid-free 
variants have been found to be less invasive, 
which could induce less severe pathologies in 
mouse upper genital tract tissues [7, 8]. C. tra-
chomatis organisms share a highly conserved 
cryptic plasmid, encoding 8 open reading fra- 
mes (ORFs), designated as pORFs 1-8 [9, 10]. 
Among these 8 ORFs, only pORF5 is secreted 
into the cytoplasm of infected cells [11]. It has 
been further verified by our lab that, the pORF5 
is an immunodominant antigen in female uro-
genital tracts infected with C. trachomatis, and 
that the human antibody recognition of pORF5 
depends on the native conformation of pORF5 
[12]. Moreover, numerous studies have demon-
strated that pORF5 is a key virulence factor for 
C. trachomatis, which plays dual roles in the 
disease pathogenesis, ascending the infection 
through immune evasion while sustaining the 
pathogenic inflammatory responses [13-16]. 
However, the molecular mechanisms for the 
pORF5 function in the pathogenesis of C. tra-
chomatis are still unknown. 

In recent years, quantitative proteomic analysis 
has been rapidly developed and considered as 
a new platform for the investigation of complex 
biological functions, which provide appropriate 
targets for therapeutic treatment development 
and biomarker discovery [17-21]. In particular, 
iTRAQ labeling technology combined with na- 
no liquid chromatography-mass spectrometry 
(NanoLC-MS/MS) is a high-throughput quanti-
tative method for the measurement of relative 
and absolute protein levels in complex mixture 
[22-25]. In this study, the HeLa cells transfect-
ed with pORF5 (pORF5-HeLa) were first estab-
lished with lentivirus, which stably expressed 
pORF5 in the cytoplasm. The iTRAQ quantita-
tive proteomics technology was used to investi-
gate the whole-cell proteome profile of the 
pORF5-HeLa cells, to understand the roles of 
pORF5-related proteins in the pathogenesis of 
C. trachomatis. 

Materials and methods

Cell lines and cell culture

HeLa cells (CCL-2; ATCC) and human embryonic 
kidney HEK-293T cells (CRL-11268; ATCC) were 

cultured in the Dulbecco’s Modified Eagle Me- 
dium (DMEM), supplemented with 10% fetal 
bovine serum (FBS; Gibco, Karlsruhe, Germany), 
100 U/mL penicillin (Sigma-Aldrich, Saint Louis, 
MO, USA), and 100 μg/mL streptomycin (Sigma-
Aldrich) at 37°C in 5% CO2. For the induction of 
apoptosis, cells were incubated with 20 ng/mL 
tumor necrosis factor-α (TNF-α; Sigma-Aldrich) 
for 6 h.

Lentivirus vector construction and transfection

The recombinant plasmid pLenO-DCE-pORF5 
was generated using the Lenti-PacTM HIV Ex- 
pression Packaging Kit (GeneCopoeia, Rock- 
ville, MD, USA), according to the manufacturer’s 
instructions. For the cell transfection, HEK-
293T cells seeded on 10-cm plates with 70%-
80% confluence were co-transfected with the 
pLenO-DCE-pORF5 plasmid (or the pLenO-DCE 
control plamid), the pMD2.G envelope plasmid, 
and the viral packaging plasmid (pRsv-REV and 
pMDlg-pRRE). Six hours later, fresh medium 
was added to incubate the cells for an addi- 
tional 2 d. The medium was harvested at 72 h 
post-transfection and filtered through a 0.45-
μm filter. The supernatant from HEK-293T cul-
tures was used to transfect the HeLa cells in 
the presence of 8 μg/mL polybrene (Sigma-
Aldrich), and the clones were selected using 
puromycin (10 μg/mL).

Protein preparation and iTRAQ labeling

Transfected cells (with 80% confluence) were 
harvested, and lysed with the lysis buffer 
(Pierce, Rockford, IL, USA) containing protease 
and phosphatase inhibitors. After incubation 
on ice for 40 min, the lysate was centrifuged at 
13,000×g at 4°C for 20 min, and the superna-
tant was harvested and stored at -80°C. Protein 
concentration was determined with the protein 
assay kit, using BSA as the standard (Pierce). 
The iTRAQ labeling was performed according to 
the manufacturer’s instructions. Briefly, totally 
100 μg protein from the transfection or control 
group was precipitated with acetone at -20°C 
overnight, and then re-suspended in 30 μL 
iTRAQ dissolution buffer (Applied Biosystems, 
Foster City, CA, USA). Proteins were first redu- 
ced with tris (2-carboxyethyl) phosphine hydro-
chloride at 60°C for 1 h, and cysteine sulfhy-
dryls were blocked with methyl methanethio-
sulfonate at room temperature for 10 min. Then 
the proteins were digested with sequencing 
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grade modified trypsin (Promega, Madison, WI, 
USA; 1:10, w/w) at 37°C overnight. Peptides 
derived from pORF5-HeLa cells were labeled 
with iTRAQ tag 113, while peptides derived 
from vector-HeLa cells were labeled with tags 
115. On the other hand, another pair of biologi-
cal replicates from the same samples (whole-
cell lysate from another culture batch) were 
labeled with iTRAQ labeling reagents 114 and 
116. After 1-h incubation at room temperature, 
the labeled samples were pooled and desalted 
with Oasis HLB cartridges (Waters, Milford, MA, 
USA), and dried with vacuum centrifugation 
(Concentrator Plus, Eppendorf, Hamburg, Ger- 
many). Each set of labeled samples was dis-
solved in loading buffer (10 mM KH2PO4 in 25% 
ACN, pH 3.0) prior to strong cation exchange 
fractionation. 

Strong cation exchange and NanoLC-MS/MS 
analysis

To remove all the interfering substance (i.e., 
dissolution buffer, reducing agent, alkylating 
agent, calcium chloride, SDS, and excessive 
iTRAQ reagents), the combined iTRAQ-labeling 
peptides were fractionated by strong cation 
exchange (SCX) chromatography using a 20 AD 
HPLC system (Shimadzu, Kyoto, Japan), equi- 
pped with a 2.1-mm-inner diameter ×100 mm-
long polysulfoethyl column packed with 5-μm 
beads with 300Å pores (the Nest Group, 
Southborough, MA, USA). The peptide mixture 
was dissolved in 80 μL Buffer A (10 mM KH2PO4 
in 25% ACN, pH 3.0) and loaded onto the col-
umn and washed with 100% eluent A. The pep-
tides were separated with a gradient of 0%-80% 
Buffer B (Buffer A containing 350 mMKCl) at a 
flow rate of 200 μL/min over 60 min. The absor-

einPilot software (AB SCIEX, Foster City, 
California, USA) using the ParagonTM algorithm, 
with the following parameters: trypsin as 
enzyme, cysteine modification by methyl meth-
anethiosulfonate, iTRAQ as sample type, bio-
logic modifications, and thorough identification 
search. For iTRAQ quantitation, peptides were 
automatically selected with the Pro Group algo-
rithm (Applied Biosystems) for the calculation 
of the reporter peak area, error factor (EF), and 
p value. All proteins identified at >99% confi-
dence were then re-confirmed based on the 
Swiss-Prot sequence database. Decoy data-
base search strategy was used to estimate the 
false discovery rate (FDR) for the peptide iden-
tification. The FDR was calculated by searching 
the spectra against the NCBInr Homo sapiens 
decoy database. In this study, a strict confi-
dence cutoff of >1.3 was used for protein iden-
tification. Proteins having at least one peptide 
with >95% confidence were subjected to statis-
tical analysis. Differential protein expression 
was confirmed when the iTRAQ ratios were 
>1.25 or <0.8 in the transfection and control 
groups. Proteins with iTRAQ ratios below the 
low range (0.8) were considered to be under-
expressed, while those above the high range 
(1.25) were considered to be over-expressed. 

For the validation of the proteomics results on 
differentially expressed proteins, the mRNA 
expression levels of these proteins were detect-
ed with quantitative real-time PCR. The select-
ed genes included HIST1H1, HBA1, PARK7, 
HMGB1, HMGB2, CLIC1, and KRT7, the primer 
sets of which were shown in Table 1. Moreover, 
the expression levels of PARK7 and HMGB1 
were also validated by Western blot analysis.

Table 1. Primer sequences for qRT-PCR

Gene Size 
(bp) Sense primer (5’-3’) Anti-sense primer (5’-3’)

HIST1H1 156 GGGCACTCTGGTGCAAA CGA GCCGCCTTCTTGGGCTTCTT
HBA1 60 CCTACTTCCCGCACTTCGA CCTGA TCTTGCCGTGGCCCTTAACCG
PARK7 166 GAAGGAGATACTGAAGGA CTCAGAGTAGGTGTAATGA 
HMGB1 116 CTGCATATCGAGCTAAAG CTCCTCATCCTCTTCATC
HMGB2 197 GTCAGCCAAAGATA AACA CCTCATCTTCATCTTCTTC
CLIC1 172 ACTGTTCATGGTACT GTGGCTCAA TGCCTCCAGAAATTCCTCA ATC 
KRT7 127 ATCGAGATCGCCACC TACCGC CAATGCCACCGCCACTGCTACT 
SFN 133 GGTCTTCTACCTGAA GATG CTCCTTCTTGCTGATGTC 
GAPDH 112 GAAGGTGAAGGTCGGAGTC GTCAATGAAGGG GTCATT
β-actin 102 CATCCTGCGTCTGGACCTGG TAATGTCACGCACGATTTCC

bance at 214 nm was 
monitored and a total of 
20 SCX fractions were col-
lected along the gradient. 
The eluted fractions were 
desalted using C18 car-
tridges (the Nest Group), 
dried, and then reconstitu- 
ted with 20 μL 0.1% FA for 
NanoLC-MS/MS analysis. 

Proteomic analysis 

Protein identification and 
iTRAQ quantitation were 
performed with the Prot- 
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Bioinformatics analysis

Gene-ontology analysis was performed to in- 
vestigate the biological significance of differ- 
entially expressed proteins. Relationship be- 
tween the biological terms and associated pro-
teins was explored using the Visualization and 
Integrated Discovery (DAVID) software (version 
6.7; http://david.abcc.ncifcrf.gov/). Three struc-
tured ontologies were chosen to describe the 
biological process, molecular function, and cel-
lular component. Differentially expressed pro-
teins were divided into different clusters ac- 
cording to the biological function. Protein-pro- 
tein interactions (PPIs) were investigated to  
find out potentially modified cellular pathways 
due to the protein changes identified herein. 
PPIs analysis was performed using the Visant 
software (version 5.29; http://visant.bu.edu/).

Quantitative real-time PCR (qRT-PCR) analysis 

Total RNA was extracted from cells using TR- 
IZOL reagent (Invitrogen, Carlsbad, CA, USA), 
and quantified by a spectrophotometer. First-

strand cDNA was synthesized with the TaqMan 
reverse transcription kit (Applied Biosystems, 
Foster City, CA, USA). Quantitative PCR was per-
formed with the SYBR Green premix with RoxII 
(Applied Biosystems). All samples were ampli-
fied in triplicate using the following scheme: 
50°C for 5 min and 95°C for 10 min; followed 
by 40 cycles of 95°C for 20 s, 60°C for 30 s, 
and 72°C for 45 s. Expression levels of the tar-
get genes were normalized to the endogenous 
control glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) expression and expressed as 
fold changes in comparison with the control 
group.

RNA interfering

The pORF5-HeLa cells were seeded onto a 
6-well plate, at a density of 5×105 cells/well. 
After 24-h incubation, the cells were transfect-
ed with 100 nM HMGB1-siRNA or negative con-
trol siRNA using Lipofectamine2000 (Invitro- 
gen), according to the manufacturer’s instruc-
tions. The siRNA sequence targeting HMGB1 
was 5’-GGACAAGGCCCGUUAUGAA-3’ (sense) 
and 5’-UUCAUAACGGGCCUUGUCC-3’ (antisen- 
se). For the Western blot analysis and apopto-
sis assay, the cells were collected at 24 h after 
transfection. 

Western blot analysis 

For western blot analysis, equal amount of pro-
tein samples were extracted from the pORF5-
HeLa and vector-HeLa cells, and resolved by 
12% SDS-PAGE. After electrophoresis, the pro-
teins were transferred onto a nitrocellulose 
membrane (Millipore, Billerica, MA, USA) by 
electroblotting. The blot was then blocked 
using 5% (w/v) non-fat dry milk in PBS contain-
ing 0.1% (v/v) Tween 20 (PBST) for 1 h. The 
membrane was incubated with mouse anti-
Chlamydia pORF5, anti-Human HMGB1, and 
anti-Human PARK7/DJ-1 primary antibodies (all 
from Abcam, Cambridge, MA, US) at 4°C over-
night. HRP-conjugated goat anti-mouse IgG 
(Sigma-Aldrich) was used to incubate the blot 
for 2 h. Visualization was performed using ECL 
(Santa Cruz Biotech, Santa Cruz, CA, USA). 
Protein bands were scanned, and the images 
were analyzed with the Image-Pro Plus 6.0 soft-
ware (Media Cybernetics, Silver Spring, MD, 
USA). All protein bands were normalized to 

Figure 1. Detection of pORF5 expression levels in 
transfected HeLa cells. (A, B) The mRNA and protein 
expression levels of pORF5 were detected with qRT-
PCR (A) and Western blot analysis (B), respectively, 
in the pORF5-HeLa and vector-HeLa cells. GAPDH 
was used as the loading control. Compared with the 
vector-HeLa cells, **P<0.01.
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β-actin. Three independent assays were con- 
ducted.

Apoptosis assay

Hoechst 33258 staining was applied to deter-
mine the effects of pORF5 on cellular apopto-
sis, and the Annexin V-APC/7-AAD double stain-
ing was performed using the Annexin V-APC 
Apoptosis Detection Kit (BD Biosciences, San 
Diego, CA, USA). Briefly, pORF5-HeLa and vec-
tor-HeLa cells were seeded onto the 6-well 
plate at a density of 5×105 cells/well, and cul-
tured with DMEM containing 10% FBS at 37°C 
for 24 h. After treated with TNF-α for 6 h, cells 
were trypsinized and harvested, and after 
washing with PBS, these cells were incubated 
with propidium iodide (PI) and Annexin V-allo- 
phycocyanin for 20 min in dark at room tem-
perature. The percentages of live/death cells 
were determined by a flow cytometer (Beck- 
man Coulter, Fullerton, CA, USA) with the Cell- 
Quest software (BDBiosciences).

Statistical analysis

Data were expressed as mean ± SD. Statistical 
Package for Social Sciences software (version 
17.0; SPSS, Chicago, IL, USA) was used for sta-
tistical analysis. Student t-test and χ2 test were 
performed for group comparison. P<0.05 was 
considered as statistically significant.

Results

Over-expression of pORF5 in transfected HeLa 
cells

To investigate the function of pORF5 in the 
pathogenesis of C. trachomatis, pORF5 was 
first over-expressed in the HeLa cells with 
pORF5-lentivirus. Our results from the qRT-PCR 
and Western blot analysis showed that, com-
pared with the vector-HeLa cells, both the 
mRNA and protein expression levels of pORF5 
were significantly increased in the pORF5-
transfected HeLa cells (Figure 1). These cells 
were suitable for the following investigation. 

Protein identification and quantification in 
HeLa cells

To understand the proteins interacting with 
pORF5, pORF5-HeLa and vector-HeLa cells 
were subjected to the integrated proteomic 
analysis (Figure 2A). Our results showed that, a 
total of 3615 proteins were identified by the 
first run of iTRAQ-based experiment, while total-
ly 3355 proteins were identified after the sec-
ond run (Figure 2B), with high correlation rates 
between biological replicates. To identify the 
differentially expressed proteins between the 
pORF5-HeLa and vector-HeLa cells, protein 
profiles of these two cell lines were compared. 
Our results showed that, 3670/3413 proteins 
and 29801/25873 peptides (global FDR<1%) 
were identified, respectively, in the second run 
with the unused protein score of >1.3 (95% 
confidence). According to the criteria for protein 
quantification (the cut-off values of 1.25-fold 
for over-expression and 0.8-fold for under-
expression), compared with the vector-HeLa 
cells, 159 up-regulated and 155 down-regulat-
ed (totally 314 dysregulated) proteins were 
identified in the pORF5-HeLa cells (Figure 2C). 
The top 20 dysregulated proteins were provid-
ed in Tables 2, 3. These observations suggest 
that pORF5 protein may alter the expression 
profile of the host cells, and provide novel infor-
mation on the molecular mechanisms of chla-
mydial pathogenesis.

Gene ontology and interaction network analy-
ses

Functional annotation of the 314 identified pro-
teins was assigned using the Protein Center 
software. Three main types of annotations (cel-
lular components, molecular functions, and 
biological processes) were obtained from the 
gene ontology website. The ontology analysis 
indicated the relevance and diversity of molec-
ular functions (Figure 3A), including the protein 
binding activity (48.89%), structural molecule 
activity (17.11%), and catalytic activity (15.78%). 
For the cellular component function analysis, 

Figure 2. Quantitative proteomic analysis in transfected HeLa cells. A. Experimental workflow for the quantitative 
proteomic analysis. Two pairs of pORF5-HeLa and HeLa cells (different passages) were analyzed as biological rep-
licates. The samples were digested and labeled with the 113/115 and 114/116 iTRAQ tags, respectively. After 
separation by offline SCX LC, each fraction was analyzed by online RP NanoLC-MS/MS. Proteins were quantified 
using a cutoff of 1% global FDR. B. Numbers of identified and quantified proteins in the first and second runs. All of 
the proteins were consistent with an unused protein score of >1.3 and peptides of ≥2. C. Numbers of dysregulated 
proteins according to the protein quantification.
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the most abundant terms were the cell part and 
organelle part (71.37%) (Figure 3B), and the 
top three biological processes were the meta-
bolic process, cellular metabolic process, and 
regulation of biological process (Figure 3C). The 
differentially expressed proteins were hierar-
chically grouped into 13 clusters, and the pro-
teins within the same cluster were co-regulat-
ed, which might also have similar biological 
functions during C. trachomatis infection. The 
top three proportions were located in the ex- 
tracellular region (37.5%), organelle lumen 
(28.6%), and cytoskeleton (25%), respectively. 

Kyoto Encyclopedia of Genes and Genomes 
(KEGG) database was used to identify the 
potential biological pathways. The 314 differen-
tially expressed proteins were assigned to total-
ly 128 KEGG pathways. Among these pathways, 
the ribosome, spliceosome, RNA transport, 
focal adhesion, and regulation of actin cyto-
skeleton were highly represented. In addition, 
most of the differentially expressed proteins 
were involved in the physical or functional inter-
actions, to constitute a network through the 
STRING (Search Tool for the Retrieval of In- 
teracting Genes/Proteins) database analysis 

(Figure 3D). These results collectively support 
the feasibility of our approach to identify the 
host proteins interacting with pORF5, and pro-
vide valuable information for further study of 
the molecular mechanisms of pORF5 in the C. 
Trachomatis pathogenesis.

Validation of differentially expressed proteins 
identified by proteomic analysis

The proteomic results obtained by iTRAQ cou-
pled with LC-MS/MS were validated using the 
qRT-PCR and Western blot analysis. The mRNA 
expression levels of five up-regulated proteins 
(HIST1H1C, HBA1, PARK7, HMGB1, and HMG- 
B2) and four down-regulated proteins (CLIC1, 
KRT7, SFN, and CDKN2A) in the pORF5-HeLa 
and vector-HeLa cells were determined with 
qRT-PCR. As shown in Figure 4A, compared to 
the vector-HeLa cells, the mRNA expression 
levels of the five up-regulated proteins was sig-
nificantly increased, while the down-regulated 
four proteins were significantly decreased, in 
the pORF5-HeLa cells, which were consistent 
with the results from the proteomic analysis 
(Table 4). On the other hand, the protein expres-
sion levels of two up-regulated proteins (HMGB1 
and PRAK7) in the pORF5-HeLa and HeLa cells 

Table 2. Top 20 up-regulated proteins in iTRAQ

Accession No. Protein name Gene name iTRAQ ratio (pORF5-HeLa: 
vector-HeLa)

CO9_HUMAN Complement component C9 C9 28.58073283
VN1R5_HUMAN Vomeronasal type-1 receptor 5 VN1R5 14.1929829
STON2_HUMAN Stonin-2 STON2 11.8360028
RWDD1_HUMAN RWD domain-containing protein 1 RWDD1 4.556127963
O5AC2_HUMAN Olfactory receptor 5AC2;HSA1 OR5AC2 4.530705196
H4_HUMAN Histone H4 HIST1H4 4.31846715
NECA1_HUMAN N-terminal EF-hand calcium-binding protein 1 NECAB1 4.086269465
CPNE2_HUMAN Copine-2 CPNE2 3.796953325
A2MG_HUMAN Alpha-2-macroglobulin A2M 3.649430653
PTMA_HUMAN Prothymosin alpha PTMA 3.232804279
RL36_HUMAN 60S ribosomal protein L36 RPL36 3.13396676
H32_HUMAN Histone H3.2 HIST2H3A 2.98006436
PARK7_HUMAN Protein DJ-1 PARK7 2.884518778
CTBL1_HUMAN Beta-catenin-like protein 1 CTNNBL1 2.765919073
RS9_HUMAN 40S ribosomal protein S9 RPS9 2.696359476
H12_HUMAN Histone H1.2 HIST1H1C 2.589273226
ATX10_HUMAN Ataxin-10 ATXN10 2.58269641
GRAP1_HUMAN GRIP1-associated protein 1 GRIPAP1 2.565900057
RL32_HUMAN 60S ribosomal protein L32 RPL32 2.511992989
TPC6B_HUMAN Trafficking protein particle complex subunit 6B TRAPPC6B 2.433797947
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were detected by Western blot analysis. Our 
results showed that, the protein expression lev-
els of these two proteins were significantly up-
regulated in the pORF5-HeLa cells (Figure 4B), 
which was consistent with the results from the 
proteomic analysis.

Inhibiting effect of pORF5 on TNF-α-induced 
apoptosis 

Cellular apoptotic process was studied with 
Hoechst 33258 staining and flow cytometry, in 
the pORF5-HeLa and vector-HeLa cells pre-
treated with TNF-α for 6 h. As showed in Figure 
5A, compared with the vector-HeLa cells, sig-
nificantly inhibited apoptosis was observed in 
the pORF5-HeLa cells. Cell counting analysis 
showed that, compared with the vector-HeLa 
cells, a decrease (up to 20%) was observed in 
the apoptotic cell population for the pORF5-
HeLa cells (Figure 5B). Flow cytometry also 
revealed a decreased apoptotic proportion for 
the pORF5-HeLa cells. Compared to the TNF-α-
treated vector-HeLa cells (apoptotic cell per-
centage of 63.6%), the apoptotic cell percent-
age was significantly decreased to 39.5% in  
the TNF-α-treated pORF5-HeLa cells (P<0.05) 
(Figure 5C). However, no significant differences 

were observed in the percentage of necrotic 
cells between the pORF5- and vector-transfect-
ed groups (P>0.05). Meanwhile, the pORF5 
over-expression significantly elevated the num-
ber of viable cells, i.e., the percentages of via-
ble cells for the pORF5- and vector-transfected 
groups were 60.5% and 36%, respectively (P< 
0.01) (Figure 5D). These results suggest that 
pORF5 is involved in the inhibition of TNF-α-
induced apoptosis.

HMGB1 is involved in the inhibition of pORF5 
on TNF-α-induced apoptosis

To investigate whether the over-expressed 
HMGB1 was involved in the anti-apoptotic 
effect, RNA interfering was performed to knock 
down the expression of HMGB1 in the pORF5-
HeLa cells. Our results from the qRT-PCR and 
Western blot analysis showed that, compared 
with the negative control, HMGB1-siRNA led to 
about 38%- and 45%-reduction in the mRNA 
and protein expression levels of HMGB1, res- 
pectively, in these cells (Figure 6A). Moreover, 
the influence of HMGB1-siRNA on anti-apoptot-
ic effect was detected with flow cytometry. Our 
results showed that, the apoptosis rate of the 
HMGB1-siRNA group was significantly increased 

Table 3. Top 20 down-regulated proteins in iTRAQ

Accession No. Protein name Gene 
name

iTRAQ ratio (pORF5-
HeLa: vector-HeLa)

K1C17_HUMAN Keratin, type I cytoskeletal 17 KRT17 0.26142584
S10AA_HUMAN Protein S100-A10 S100A10 0.271784767
S10A6_HUMAN Protein S100-A6 S100A6 0.274299862
CALM_HUMAN Calmodulin CALM1 0.340538161
MLRS_HUMAN Myosin regulatory light chain 2, skeletal muscle isoform MYLPF 0.365365015
ENSA_HUMAN Alpha-endosulfine; ARPP-19e ENSA 0.38758936
ANXA2_HUMAN Annexin A2 ANXA2 0.387849079
PEPL_HUMAN Periplakin PPL 0.410372104
LMO7_HUMAN LIM domain only protein 7 LMO7 0.416502052
1433F_HUMAN 14-3-3 protein eta YWHAH 0.430896453
1433S_HUMAN 14-3-3 protein sigma SFN 0.439577358
CAPG_HUMAN Macrophage-capping protein CAPG 0.442593018
ZO2_HUMAN Tight junction protein ZO-2 TJP2 0.467977633
K2C1_HUMAN Keratin, type II cytoskeletal 1 KRT1 0.478392317
K2C7_HUMAN Keratin, type II cytoskeletal 7 KRT7 0.48338675
EPS15_HUMAN Epidermal growth factor receptor substrate 15 EPS15 0.492188542
AHNK2_HUMAN Protein AHNAK2 AHNAK2 0.503548636
PGAM5_HUMAN Serine/threonine-protein phosphatase PGAM5, mitochondrial PGAM5 0.505856874
OTUD5_HUMAN OTU domain-containing protein 5 OTUD5 0.511643101
CNOT7_HUMAN CCR4-NOT transcription complex subunit 7 CNOT7 0.516671366
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Figure 3. Data mining of the set of differentially expressed proteins. A. Biological process. B. Cellular component. C. Molecular function. D. Protein interaction net-
work was analyzed with the STRING (Search Tool for the Retrieval of Interacting Genes/Proteins) software.
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by 18.84% compared with control group (Figure 
6B and 6C). Taken together, these results sug-
gest that HMGB1 is involved in the inhibiting 
effects of pORF5 on TNF-α-induced apoptosis 
in the host cells.

Discussion

All C. trachomatis serovars share the cryptic 
plasmid, and the plasmid-free C. trachomatis 
variants are attenuated in inducing pathologies 
in the urogenital tract in mice [7, 8]. These find-
ings suggest that the plasmid-encoded or -reg-
ulated proteins may play important roles in the 
pathogenesis of C. trachomatis. Among all 
these proteins, pORF5 is the only one that is 
secreted into the host cell cytosol during the 
chlamydial infection [11], where pORF5 might 
interact with the host proteins and induce path-
ological variations. However, little is known 
about which protein(s) might be involved in the 
interaction with pORF5, and the molecular 
mechanisms underlying these interactions. In 
recent years, the rapidly developed proteomic 
techniques allow the full-scale illustration of 
the protein expression profile alteration under a 

the Western blot analysis to detect the protein 
expression levels. The results from the qRT-
PCR and Western blot analysis for the differen-
tially expressed proteins were consistent with 
the findings from the proteomic analysis. Th- 
erefore, these results suggest that our quanti-
tative proteomic approach is suitable for study-
ing the overall protein profile alternations.

To further investigate the biological signifi- 
cance of these differentially expressed pro-
teins, the gene ontology and interaction net-
work analyses were performed. According to 
the gene ontology analysis, the molecular func-
tions are the protein binding, ATP binding, and 
nucleotide binding. Moreover, the differentially 
expressed proteins were mainly involved in the 
biological processes, including apoptosis, pro-
liferation, transcription, and translation, indi-
cating that the pathogenesis of C. trachomatis 
induced by pORF5 might be regulated by com-
plex signaling processes. The KEGG pathway 
annotations of the differentially expressed pro-
teins were also analyzed. Our results showed 
that a larger number of proteins were involved 
in the ribosome, RNA transport, and regulation 

Figure 4. Detection of representative differentially expressed proteins. A. 
The mRNA expression levels of five up-regulated and four down-regulated 
proteins in the pORF5-HeLa cells were detected using qRT-PCR. B. The pro-
tein expression levels of HMGB1 and PARK7 in the pORF5-HeLa and HeLa 
cells were detected with the Western blot analysis. Compared with the vec-
tor-HeLa cells, *P<0.05.

particular pathological circum-
stance [26-28].

In the present study, in order 
to investigate the proteins 
related to the chlamydial pa- 
thogenesis induced by pOR- 
F5 and the molecular basis, 
iTRAQ-based quantitative pro-
teomic analysis was perform- 
ed to study the alterations in 
the overall protein profile in 
the pORF5-HeLa cells, in com-
parison with the vector-HeLa 
cells. Herein, we successfully 
identified 314 differentially 
expressed proteins, including 
159 up-regulated and 155 
down-regulated proteins. Th- 
en nine differentially express- 
ed proteins (HIST1H1C, HBA1, 
PARK7, HMGB1, HMGB2, CL- 
IC1, KRT7, SFN, and CDKN2A) 
were selected to be subjected 
to qRT-PCR to validate the pro-
teomic results, and two over-
expressed proteins (HMGB1 
and PRAK7) were subjected to 
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of actin cytoskeleton. These results collectively 
support the feasibility of our approach for iden-
tifying the pORF5-related proteins, and provide 
valuable information for the further study of the 
molecular mechanisms of these candidate pro-
teins in the pathogenesis of C. trachomatis.

Apoptosis has always been considered as the 
first defense mechanism for pathogen infec-
tion. In addition to the important roles in the 

normal growth and tissue homeostasis main- 
tenance, cellular apoptosis could activate the 
inflammatory reaction, limit the pathogen’s sp- 
read, and even remove the pathogens. Apop- 
tosis is characterized by various biochemical 
changes, mainly including the nuclear conden-
sation, DNA fragmentation, phosphatidylserine 
(PS) externalization, and membrane blebbing 
[29]. Previous studies have shown that the 
chlamydial infection could result in the inhibi-

Table 4. Nine differentially expressed proteins of the mean iTRAQ ratios
Protein name HIST1H1C HBA1 PARK7 HMGB1 HMGB2 CLIC1 KRT7 SFN CDKN2A
iTRAQ (pORF5-HeLa: vector-HeLa) 2.58 2.35 2.88 1.34 1.38 0.52 0.48 0.44 0.61

Figure 5. Detection of apoptotic process in transfected HeLa cells. A. Hoechst 33258 staining was performed to 
detect the apoptotic process in the pORF5-HeLa and vector-HeLa cells. These cells were pre-treated with TNF-α (20 
ng/mL) for 6 h. Chromatin condensation was indicated by the arrow. B. Statistical analysis of the apoptotic rate in 
these cells. C. Flow cytometry was performed to detect the apoptosis rates of the pORF5-HeLa and vector-HeLa 
cells pre-treated with TNF-α for 6 h. D. Statistical analysis of the apoptotic rate determined with the flow cytometry. 
Compared with the vector-HeLa cells, *P<0.05, **P<0.01.

Figure 6. Involvement of HMGB1 in the anti-apoptotic effects of pORF5. (A) Protein expression levels of HMGB1 
were detected by Western blot analysis after RNA interfering. (B, C) Flow cytometry was performed for the HMGB1-
siRNA (B) and control (C) groups.
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tion of apoptotic response for persistent infec-
tion in the host cells [30-33], however without 
clear molecular mechanisms. TNF-α is a cyto-
kine playing important roles in the immunity, 
which mediates the pro-apoptotic signaling 
activity. It has been proven that pORF5 triggers 
the inflammatory signals, including the produc-
tion of TNF-α in the human monocytic cells 
(THP-1) by activating the ERK1/2 and p38 
kinase pathways [13]. In this study, we further 
investigated whether pORF5 was involved in 
the apoptotic resistance. The HeLa cells trans-
fected with pORF5 were pre-treated with TNF-α 
for 6 h, and our results showed that the apopto-
sis rate of the pORF5-transfected group was 
much lower than the control group, suggesting 
that pORF5 was involved in the inhibition of cel-
lular apoptosis. Apoptotic repression seems to 
be crucial for the chlamydial development 
cycle, which is important for the strategy to 
regulate the persistent infection.

HMGB1, a DNA-binding protein, is abundantly 
expressed in the nucleus, which is famous for 
its important roles in the immunity and inflam-
mation [34]. To clarify whether the up-express- 
ed HMGB1 was involved in the regulation of 
apoptotic process in the pORF5-transfected 
cells, RNA interfering was performed to knock 
down the expression levels of HMGB1. Our re- 
sults showed that, endogenous HMGB1 inter-
fering obviously increased the cell apoptosis 
rate. These results suggest that HMGB1 might 
be crucial for the apoptotic inhibition in the 
pORF5-transfected cells. However, further stu- 
dies are still needed to elucidate the related 
mechanisms.

In summary, according to the iTRAQ-based qu- 
antitative proteomic analysis, totally 314 differ-
entially expressed proteins were identified in 
the pORF5-HeLa cells. Out of these 314 pro-
teins, the up-regulated HMGB1 was selected  
as a candidate for further functional investi- 
gation. Our results demonstrated that pORF5 
could inhibit TNF-α-induced apoptosis, and HM- 
GB1 was involved in the apoptosis-inhibiting  
of pORF5, suggesting that the up-regulated 
HMGB1 may contribute to the chlamydial sur-
vival in the host cells through inhibiting apop- 
tosis. The identification of proteins interacting 
with pORF5 could contribute to better under-
stand and further explore the etiology and 
pathogenesis of C. trachomatis.
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