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Abstract: High-risk human papillomavirus (HPV) infection is the etiological agent of cervical cancer and some other
cancers. Kaposi sarcoma-associated herpesvirus (KSHV) represents a principal causative agent of several human
cancers arising in those immunocompromised patients. In fact, KSHV DNA has been detected in the female genital
tract, and this virus may share some transmission routes with HPV, although the detection rate of KSHV in cervical
samples is very low and the KSHV/HPV co-infection is seldom reported. Currently, it remains unclear about the role
of KSHV co-infection in the development of HPV-related neoplasias. In this article, we have summarized the recent
finding from clinic and bench indicating KSHV co-infection may represent a co-factor for the development of HPV-

related carcinogenesis.
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Introduction

Certain subtypes of human papillomavirus
(HPV) may cause warts on or around the female
and male genital organs, which are called low-
risk subtypes because they are seldom linked
to cancer. In contrast, high-risk subtypes of
HPV are strongly linked to several human can-
cers, including cervical, penile, anal and oral
cancers [1, 2]. Among these, cervical cancer
represents one of the most common malig-
nancies in females worldwide. Although infec-
tion by HPV is the most important risk factor
for cervical cancer, HPV infection is not the
only cause of cervical cancer or not enough to
initiate cervical cancer development, because
most women with HPV infection do not get cer-
vical cancer. In fact, certain other risk factors,
like smoking and HIV infection, influence which
women exposed to HPV are more likely to de-
velop cervical cancer. In addition, certain other
factors including co-infected pathogens, such
as human immunodeficiency virus (HIV) and

chlamydia, have been reported to increase the
risk of women exposed to HPV for developing
cervical cancer [3, 4].

Kaposi sarcoma-associated herpesvirus (KS-
HV, also known as human type 8 herpesvirus,
HHV-8) represents a principal causative agent
of several human cancers arising especially in
those immunocompromised patients, including
Kaposi’'s Sarcoma (KS), Primary effusion lym-
phoma (PEL) and Multicentric Castleman’s dis-
ease (MCD) [5-7]. In fact, the immunosuppres-
sion (e.g., HIV infection, the use of immuno-
suppressive drugs) puts women at higher risk
for HPV infection and cervical cancer develop-
ment from precancerous conditions of the cer-
vix. Published literatures have reported that
KSHV DNA can be detected in the prostate,
semen, oral cavity and the female genital tract
[8-12]. KSHV can be transmitted via sexual
contact including oral and anal sex, and via
non-sexual routes, such as transfusion of con-
taminated blood and tissues transplants [13].
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Figure 1. Detection of oncogenic viruses transcripts in the RNA-Seq datasets of cervical cancer samples. One
hundred RNA-Seq cervical cancer datasets were obtained from the TCGA cohort and raw sequencing reads were
analyzed as previously described [57]. Each vertical bar represents an individual patient and the color intensity

reflects the levels of viral transcripts.

Moreover, the salivary transmission is thought
to be as the main route of KSHV transmission,
especially in children residing in endemic ar-
eas. Besides skin-to-skin contact, HPV can also
be spread from one person to another through
different sexual activities. Based on these com-
mon transmission routes, it is reasonable to
speculate KSHV and HPV may have co-infection
in some particular subpopulations, such as
HIV+ individuals, organ transplant recipients.
However, currently there are few studies re-
porting the co-infection of these two oncoge-
nic viruses or their interaction in cervical sam-
ples and/or cervical cancer cells. It also re-
mains unclear about the role of KSHV co-infec-
tion in the development of HPV-related cervical
cancers. Here we have summarized the recent
finding from our group and others in this inter-
esting field and given some perspectives, too.

Epidemiology of KSHV and HPV co-infection in
cervical samples

Like other herpesviruses, KSHV can also estab-
lish life-long latent infection in host cells with
the expression of a limited number of viral
genes. In contrast to the high prevalence of
KSHV shedding in oral cavity, the detection rate
of KSHV DNA or virus infection in cervical sam-
ples are relatively low or even totally negative
in some studies. Whitby et al reported that
KSHV DNA was detected in 3 of 11 cervical
brush scrapes (CBS) obtained from KSHV-
seropositive women attending the genitouri-
nary medicine department [12]. In comparison,
KSHV DNA was not detected in any of the 78
CBS from KSHV-seronegative women or in 96
CBS from women of unknown KSHV serostatus
attending the colposcopy clinic. Another epide-
miology study of KSHV infection in sex workers
and women from the general population in
Spain indicated that KSHV DNA was detected
in 2% of the cervical samples of the prostitutes
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and in 1% of the cervical samples of women
in the general population [14]. Moreover, they
found that KSHV was more prevalent among
HPV DNA-positive women (odds ratio = 2.5).
Similarly, one study in 174 KSHV-seropositive
female prostitutes in Mombasa, Kenya, show-
ed that the prevalence of detection of KSHV
was 4% in cervical swabs and 2.3% in vaginal
swabs, although the status of HPV infection in
these individuals remains unknown [15]. In
contrast, one recent study found that HPV DNA
was detected in 18/31 (58%) female genital
brushings while none of these female genital
brushings were KSHV DNA positive [16]. Ano-
ther study reported that no cervical secretion
from 112 Swedish women contained detect-
able KSHV DNA, although the antibodies to
KSHV latent and lytic antigens were found in
2.7% and 24% of serum samples from the sa-
me group, respectively [17].

To detect the potential oncogenic pathogens in
cervical cancer patient samples, a total of 100
RNA-Seq cervical cancer datasets were ob-
tained from NIH The Cancer Genome Atlas
(TCGA) cohort. Raw sequence data were ali-
gned to a reference human genome (hg38;
Genome Reference Consortium GRCH38) plus
a library of virus sequences (including the
sequences from all known human viruses
documented by NCBI). We found that HPV
transcripts were present in 31% of these sam-
ples but other oncogenic viruses including
KSHV and EBV transcripts were not detectable
(Figure 1). Furthermore, RNA-Seq datasets
from a total of 27 cervical and/or endometrial
cancer cell lines were downloaded from the
NCBI Sequence Read Archive (SRA) and were
then subjected to virome screening using the
same informatics approach above. Our results
show no evidence of KSHV and HPV co-infec-
tion in these tested cell lines. However, all
these 100 RNA-Seq datasets were collected
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from cervical cancer patients in the general
non-HIV population, since no HIV reads were
detected in these datasets. Actually, we cannot
find any similar datasets from immunocompro-
mised patients such as HIV+ individuals from
TCGA cohort. As we know, the immunosuppres-
sion will greatly increase the chances of these
oncogenic viruses co-infection.

Regulation of HPV oncogenic gene expression
by KSHV co-infection in cervical cancer cells

High-risk HPV such as subtype 16 and 18
encoded E6 and E7 proteins are major viral
oncoproteins which are closely associated with
human cervical carcinogenesis [18]. E6 and E7
proteins can bind to the p53 and retinoblasto-
ma (Rb) family proteins, respectively, resulting
in the regulation of cell cycle and transforma-
tion [19]. Recent research has demonstrated
E6 and E7 proteins can interact with or regulate
many more cellular factors, including those
proteins which regulate epigenetic marks and
splicing changes in the cell, also contributing to
oncogenesis [20]. Currently, it remains almost
unclear how KSHV infection or KSHV-encoded
proteins regulate HPV oncogenic gene expres-
sion in cervical cancer cells. Our recent studies
have demonstrated that KSHV can successfully
establish latent infection in a variety of HPV+
cervical cancer cell lines such as Hela, SiHa
and CaSki [21-23]. We also found that these
viruses in latently infected cervical cancer cells
possess normal replicative potential, since
they can be induced into lytic phases by exog-
enous stimulus and finally produce new infec-
tious particles [22].

Interestingly, our data indicated that KSHV
infection significantly reduced both E6 and E7
expression from HPV16+ SiHa cells in vitro
[22]. By using a cervical cancer xenograft
model, we also confirm these results in vivo
[23]. Furthermore, we found that LANA (Late-
ncy associated nuclear antigen) and vFLIP (vi-
ral FLICE inhibitory protein), two major KSHV-
encoded latent proteins, responsible for the
downregulation of E6 and E7 expression from
SiHa cells [22]. Zhang et al have reported that
interferon-p treatment induces one of cellular
microRNAs, miRNA129-5p expression, while its
levels gradually decrease with the development
of cervical intraepithelial lesions and correlate
with HPV E6 and E7 expression [24]. Following
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this discovery, we demonstrate that miRNA-
129-5p is required for KSHV and/or viral latent
proteins reducing E6 and E7 expression from
SiHa cells [22]. Very interestingly, another
group found that one of KSHV-encoded lytic
protein, RTA (Replication and transcription ac-
tivator), can bind to various HPV16 genomic
regions and induce a significant upregulation of
E7 transcription [25]. In fact, we also found that
inducing lytic reactivation effectively impaired
the reduction of E6 and E7 expression from
KSHV-infected SiHa cells [22]. Therefore, these
results indicate KSHV latent and lytic proteins
may have distinct regulation of HPV oncogenic
proteins expression in cervical cancer cells.
Since KSHV is a big dsDNA virus with ~165 kb
genome which containing 81 viral ORFs, as well
as some microRNAs, non-coding RNAs, and a
few small ORFs [26], it still requires a lot of
work to understand how these viral compo-
nents differentially regulate HPV oncogenic pro-
teins expression in cervical cancer cells.

Regulation of cellular gene expression and
functions by KSHV co-infection in cervical
cancer cells

By using a cytokine/chemokine array, our
recent study indicate that KSHV co-infection
has increased several inflammatory factors
production from SiHa cells, including Chemo-
kine (C-X-C motif) ligand 1 (CXCL1), Interleukin
6 (IL-6), Plasminogen activator inhibitor-1 (PAI-
1), Chemokine (C-C motif) ligand 5 (CCL5),
Interleukin 8 (IL-8) and Macrophage migration
inhibitory factor (MIF) [22]. Among these fac-
tors, CXCL1, its serum levels were significantly
higher in patients with cervical squamous cell
carcinoma (CSCC) when compared with pa-
tients with cervical intraepithelial neoplasia
(CIN) and the healthy controls [27]. IL-6 has
been found to promote cervical tumor growth
via vascular endothelial growth factor (VEGF)-
dependent angiogenesis or by modulating the
apoptosis threshold [28, 29]. Interestingly, a
recent meta-analysis study indicates that the
single-nucleotide polymorphisms (SNP) of IL.-6
(rs1800795) is associated with cervical cancer
risk [30]. Another upregulated factor, PAI-1, an
inhibitor of urokinase-type plasminogen activa-
tor, has been found with increased expression
in cervical tumor tissue, specifically in aggres-
sive tumors [31]. Moreover, targeting PAI-1
expression or function results in the reduction
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Figure 2. The upregulation of MIF and its receptors by KSHV co-infection
in HPV+ cervical cancer tissues. The mock or KSHV co-infected SiHa cells
(approximately 5 x 10° cells were mixed at a ratio of 1:1 with growth fac-
tor-depleted Matrigel) were injected subcutaneously into the right flanks of
nude mice, respectively. The mice were observed and measured every 2~3
d for the presence of palpable tumors for ~40 d. Protein expression within
tumor tissues from representative injected mice was measured by using im-

munohistochemistry staining.

of cellular proliferation, cell adhesion, colony
formation, while the induction of apoptosis and
anoikis in cervical cancer cells [32].

One of these factors, MIF, is well recognized as
a cancer biomarker protein, since its expres-
sion in normal cells is several orders of magni-
tude lower than levels observed in cancer cells
[33-36]. By using ELISA, we recently have found
that KSHV co-infection significantly increases
MIF secretion from HPV+ cancer cell lines such
as SiHa and CaSki (5-8 folds increasing) [23].
Soluble MIF produced by cancer cells is import-
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KSHV ed into the cytoplasm and nu-
e TV

cleus of its target cancer cells
via an autocrine loop [37, 38].
MIF enters target cells by bin-
ding to its cellular receptors
such as CXCR2, CXCR4 or
CD74 [38, 39]. Our recent in
vivo study indicates that the
significant upregulation of MIF
and its receptors CXCR2, CX-
CR4 and CD74 in tumor tis-
sues from KSHV co-infected
SiHa injected mice when com-
pared to those from SiHa in-
jected mice (Figure 2). In fact,
one previous study reported
the overexpression of MIF in
invasive cervical cancer sam-
ples when compared to cervi-
cal dysplasias samples [40].
Another study also found that
MIF and CD74 expression was
significantly higher in CIN or
CSCC than in the normal sam-
ples [41]. The overexpression
of MIF was correlated with
deep stromal infiltration, and
both MIF and CD74 protein
levels were associated with
microvessel density [41]. Our
recent findings suppose KS-
HV co-infection may represent
one novel mechanism to up-
regulate MIF and its receptors
from cervical cancer cells. Tar-
geting MIF effectively inhibits
cervical cancer cell growth,
migration, invasion, colony for-
mation and tumorigenesis in
vitro and in vivo [42-44]. More-
over, one recent study indi-
cates that MIF polymorphisms (-794CATT.)
can be used as a potential biomarker for early-
stage cervical cancer [45].
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Conclusion and prospective

Currently, there are limited data about the co-
infection of KSHV and HPV in cervical samples
and/or cervical cancer cells. However, recent
findings from both in vitro and in vivo studies
indicate that KSHV may act as one of co-factors
for HPV-related cervical carcinogenesis (espe-
cially in those immunocompromised patients),
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Virus
clearance ?

although there are still a lot of remaining ques-
tions need to be further investigated:

1) Low detection rate of KSHV shedding as well
as of KSHV/HPV co-infection in cervical sam-
ples and/or cervical cancer cells. Although cer-
vical cancer cells or other mucosa epithelial
cells have been shown fully susceptible to
KSHV infection, the detection rate of KSHV
(viral DNA) is very low in cervical benign and
malignant samples. We think one of reasons is
that the upregulated inflammatory cytokines/
chemokines as well as Interferon (IFN)-induced
genes by KSHV co-infection [22] may promote
the recruitment of immune cells, enhance local
infammatory response, and finally facilitate
attacking infected cells and/or the clearance of
KSHV (especially in the immunocompetent
patients). Another possible reason is that there
is low number of cervical cells are latently
infected by KSHV in most of patients which
causing difficultly acquired by cervical biopsy.
Finally, the sensitivity and accuracy of current
methods for detection of KSHV still need to be
improved.

2) Downregulation of E6 and E7 expression by
KSHV co-infection of cervical cancer cells.
Although these were found from cervical can-
cer cell lines or xenograft models [22, 23], the
underlying mechanisms remain largely unclear.
In spite of hijacking these HPV-encoded major
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Figure 3. Schematic of
) recent findings about the
HPV+ cervical cancer cells potential interaction of

KSHV and HPV in cervical
cancer cells.

oncogenic proteins expression, KSHV co-infec-
tion can maintain cervical cancer cells malig-
nant behaviors, such as invasion, colony forma-
tion and tumorigenesis in animal models, which
are through the manipulation of some certain
cellular genes functions such as MIF and its
signaling [23]. Therefore, KSHV co-infection
may cause some HPV-independent factors
contributing to cervical carcinogenesis (sum-
marized in Figure 3).

3) Regulation of KSHV infection or viral protein
functions by HPVs. On the other hand, we
almost do not know whether HPVs including
those different subtypes are able to affect
KSHYV infection of cervical epithelial cells, viral
latency/lytic reactivation, virus replication, etc.
These may represent an interesting direction
for future investigation.

4) KSHV and HPV interaction in other cancers.
Besides cervical cancers, these two oncogenic
viruses co-infection or interaction may exist in
other types of cancer. For example, high-risk
HPV infection is also the etiological agent of
some oral and oropharyngeal cancers [46-48].
As we know, oral cavity represents the major
reservoir of KSHV and exchange of oropharyn-
geal secretions is an important route for this
virus transmission. Interestingly, one recent
study indicates that KSHV is similarly detect-
able across all levels of CD4 counts in HIV+
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patients [49]. In addition, oral cavity involve-
ment represents the initial manifestation of KS
in 20-60% of HIV-associated cases, with the
involvement of the oral cavity ultimately seen in
the majority of patients [50-52]. High-risk HPVs
are also closely related to anal cancer particu-
larly in HIV+ men having sex with men (MSM)
[53, 54], this subpopulation usually having
high prevalence of KSHV infection [55, 56].
Therefore, it will be interesting to explore and
determine whether KSHV/HPV interaction plays
some roles in the development of other can-
cers in future studies.

Acknowledgements

This work was supported by grants from NIH
RO1s (CA228166, Al091526, Al128864), NIH
P20-GM121288 subprojects (Tier 1), DOD
Career Development Award (CA140437), LSU
LIFT2 funding, a Tulane School of Medicine
faculty pilot research fund, National Natural
Science Foundation of China (81472547, 816-
72924, 81772930) and the Fundamental Re-
search Funds for the Central Universities
(22120180335).

Disclosure of conflict of interest

None.
Abbreviations

HPV, human papillomavirus; HIV, human immu-
nodeficiency virus; KSHV, Kaposi sarcoma-
associated herpesvirus; KS, Kaposi's Sarcoma;
PEL, Primary effusion lymphoma; MCD, Mul-
ticentric Castleman’s disease; CBS, cervical
brush scrapes; LANA, Latency associated nu-
clear antigen; vFLIP, viral FLICE inhibitory pro-
tein; ORF, Open reading frame; CXCL1, Che-
mokine (C-X-C motif) ligand 1; IL-6, Interleukin
6; PAI-1, Plasminogen activator inhibitor-1;
CCL5, Chemokine (C-C motif) ligand 5; IL-8,
Interleukin 8; MIF, Macrophage migration inhib-
itory factor; CSCC, cervical squamous cell carci-
noma; CIN, cervical intraepithelial neoplasia;
VEGF, vascular endothelial growth factor; SNP,
single-nucleotide polymorphisms; IFN, Inter-
feron; MSM, men having sex with men; TCGA,
The Cancer Genome Atlas; SRA, Sequence
Read Archive; NCBI, National Center for Bio-
technology Information; ISGs, Interferon stimu-
lated genes.

2181

Address correspondence to: Zhigiang Qin, Depart-
ment of Pediatrics, Research Center for Transla-
tional Medicine and Key Laboratory of Arrhythmias,
East Hospital, School of Medicine, Tongji University,
Shanghai 200120, China. Tel: +1-504-210-3327;
E-mail: zgin@Isuhsc.edu

References

[1] Bogani G, Leone Roberti Maggiore U, Signorelli
M, Martinelli F, Ditto A, Sabatucci |, Mosca L,
Lorusso D, Raspagliesi F. The role of human
papillomavirus vaccines in cervical cancer:
prevention and treatment. Crit Rev Oncol He-
matol 2018; 122: 92-97.

[2] Araldi RP, Sant’Ana TA, Modolo DG, de Melo
TC, Spadacci-Morena DD, de Cassia Stocco R,
Cerutti JM, de Souza EB. The human papillo-
mavirus (HPV)-related cancer biology: an over-
view. Biomed Pharmacother 2018; 106: 1537-
1556.

[3] Myers KO, Ahmed NU. The role of HIV in the
progression through the stages of the human
papillomavirus to cervical cancer pathway.
AIDS Rev 2018; 20: 94-1043.

[4] Silva J, Cerqueira F, Medeiros R. Chlamydia tra-
chomatis infection: implications for HPV sta-
tus and cervical cancer. Arch Gynecol Obstet
2014; 289: 715-23.

[5] Hussein HAM, Okafor IB, Walker LR, Abdel-
Raouf UM, Akula SM. Cellular and viral onco-
genes: the key to unlocking unknowns of Ka-
posi’s sarcoma-associated herpesvirus patho-
genesis. Arch Virol 2018; [Epub ahead of
print].

[6] Yarchoan R, Uldrick TS. HIV-associated can-
cers and related diseases. N Engl J Med 2018;
378: 1029-1041.

[7] Goncalves PH, Ziegelbauer J, Uldrick TS, Yar-
choan R. Kaposi sarcoma herpesvirus-associ-
ated cancers and related diseases. Curr Opin
HIV AIDS 2017; 12: 47-56.

[8] Diamond C, Brodie SJ, Krieger JN, Huang ML,
Koelle DM, Diem K, Muthui D, Corey L. Human
herpesvirus 8 in the prostate glands of men
with Kaposi’'s sarcoma. J Virol 1998; 72: 6223-
7.

[9] Howard MR, Whitby D, Bahadur G, Suggett F,
Boshoff C, Tenant-Flowers M, Schulz TF, Kirk S,
Matthews S, Weller IV, Tedder RS, Weiss RA.
Detection of human herpesvirus 8 DNA in se-
men from HIV-infected individuals but not
healthy semen donors. AIDS 1997; 11: F15-9.

[10] Koelle DM, Huang ML, Chandran B, Vieira J,
Piepkorn M, Corey L. Frequent detection of Ka-
posi’'s sarcoma-associated herpesvirus (hu-
man herpesvirus 8) DNA in saliva of human
immunodeficiency virus-infected men: clinical

Am J Cancer Res 2018;8(11):2176-2184



[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

2182

KSHV and HPV

and immunologic correlates. J Infect Dis 1997;
176: 94-102.

Calabro ML, Fiore JR, Favero A, Lepera A, Sara-
cino A, Angarano G, Schulz TF, Chieco-Bianchi
L. Detection of human herpesvirus 8 in cervi-
covaginal secretions and seroprevalence in
human immunodeficiency virus type 1-sero-
positive and -seronegative women. J Infect Dis
1999; 179: 1534-7.

Whitby D, Smith NA, Matthews S, O'Shea S, Sa-
bin CA, Kulasegaram R, Boshoff C, Weiss RA,
de Ruiter A, Best JM. Human herpesvirus 8:
seroepidemiology among women and detec-
tion in the genital tract of seropositive women.
J Infect Dis 1999; 179: 234-6.

Minhas V, Wood C. Epidemiology and transmis-
sion of Kaposi’s sarcoma-associated herpesvi-
rus. Viruses 2014; 6: 4178-94.

de Sanjose S, Marshall V, Sola J, Palacio V,
Almirall R, Goedert JJ, Bosch FX, Whitby D.
Prevalence of Kaposi's sarcoma-associated
herpesvirus infection in sex workers and wom-
en from the general population in Spain. Int J
Cancer 2002; 98: 155-8.

Taylor MM, Chohan B, Lavreys L, Hassan W,
Huang ML, Corey L, Ashley Morrow R, Richard-
son BA, Mandaliya K, Ndinya-Achola J, Bwayo
J, Kreiss J. Shedding of human herpesvirus 8
in oral and genital secretions from HIV-1-sero-
positive and -seronegative Kenyan women. J
Infect Dis 2004; 190: 484-8.

Brasil Cda M, Ribeiro CM, Leao JC. Oral and
genital human herpesvirus 8 and human pa-
pillomavirus in heterosexual partners. J Oral
Pathol Med 2013; 42: 61-5.

Enbom M, Strand A, Falk KI, Linde A. Detection
of epstein-barr virus, but not human herpesvi-
rus 8, DNA in cervical secretions from Swedish
women by real-time polymerase chain reac-
tion. Sex Transm Dis 2001; 28: 300-6.
Georgescu SR, Mitran Cl, Mitran MI, Caruntu C,
Sarbu MI, Matei C, Nicolae |, Tocut SM, Popa
MI, Tampa M. New insights in the pathogene-
sis of HPV infection and the associated carci-
nogenic processes: the role of chronic inflam-
mation and oxidative stress. J Immunol Res
2018; 2018: 5315816.

Gupta S, Kumar P, Das BC. HPV: molecular
pathways and targets. Curr Probl Cancer 2018;
42:161-174.

Yeo-Teh NS, Ito Y, Jha S. High-risk human papil-
lomaviral oncogenes E6 and E7 target key cel-
lular pathways to achieve oncogenesis. Int J
Mol Sci 2018; 19.

Qin Z, DeFee M, Isaacs JS, Parsons C. Extracel-
lular Hsp9O0 serves as a co-factor for MAPK ac-
tivation and latent viral gene expression during
de novo infection by KSHV. Virology 2010; 403:
92-102.

[22]

(23]

(24]

(25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

(33]

Dai L, Cao Y, Jiang W, Zabaleta J, Liu Z, Qiao J,
Qin  Z. KSHV co-infection down-regulates
HPV16 E6 and E7 from cervical cancer cells.
Oncotarget 2017; 8: 35792-35803.

Dai L, Qiao J, Del Valle L, Qin Z. KSHV co-infec-
tion regulates HPV16+ cervical cancer cells
pathogenesis in vitro and in vivo. Am J Cancer
Res 2018; 8: 708-714.

Zhang J, Li S, Yan Q, Chen X, Yang Y, Liu X, Wan
X. Interferon-beta induced microRNA-129-5p
down-regulates HPV-18 E6 and E7 viral gene
expression by targeting SP1 in cervical cancer
cells. PLoS One 2013; 8: e81366.

Underbrink MP, Hoskins SL, Pou AM, Albrecht
T. Viral interaction: a possible contributing fac-
tor in head and neck cancer progression. Acta
Otolaryngol 2008; 128: 1361-9.

Arias C, Weisburd B, Stern-Ginossar N, Mercier
A, Madrid AS, Bellare P, Holdorf M, Weissman
JS, Ganem D. KSHV 2.0: a comprehensive an-
notation of the Kaposi's sarcoma-associated
herpesvirus genome using next-generation se-
quencing reveals novel genomic and function-
al features. PLoS Pathog 2014; 10: e1003847.
ZhangY, Wu JZ, Yang YQ, Ma R, Zhang JY, Feng
JF. Expression of growthregulated oncogenel,
hepatocyte growth factor, plateletderived gr-
owth factorAA and soluble Eselectin and their
association with highrisk human papillomavi-
rus infection in squamous cell carcinoma of
the uterine cervix. Mol Med Rep 2014; 10:
1013-24.

Wei LH, Kuo ML, Chen CA, Chou CH, Cheng WF,
Chang MC, Su JL, Hsieh CY. The anti-apoptotic
role of interleukin-6 in human cervical cancer
is mediated by up-regulation of Mcl-1 through
a Pl 3-K/Akt pathway. Oncogene 2001; 20:
5799-809.

Wei LH, Kuo ML, Chen CA, Chou CH, Lai KB,
Lee CN, Hsieh CY. Interleukin-6 promotes cer-
vical tumor growth by VEGF-dependent angio-
genesis via a STAT3 pathway. Oncogene 2003;
22: 1517-27.

Liu H, Lyu D, Zhang Y, Sheng L, Tang N. Asso-
ciation between the IL-6 rs1800795 polymor-
phism and the risk of cervical cancer: a meta-
analysis of 1210 cases and 1525 controls.
Technol Cancer Res Treat 2017; 16: 662-667.
Giacoia EG, Miyake M, Lawton A, Goodison S,
Rosser CJ. PAI-1 leads to G1-phase cell-cycle
progression through cyclin D3/cdk4/6 upregu-
lation. Mol Cancer Res 2014; 12: 322-34.
Gomes-Giacoia E, Miyake M, Goodison S,
Rosser CJ. Targeting plasminogen activator in-
hibitor-1 inhibits angiogenesis and tumor
growth in @ human cancer xenograft model.
Mol Cancer Ther 2013; 12: 2697-708.

Grieb G, Merk M, Bernhagen J, Bucala R. Mac-
rophage migration inhibitory factor (MIF): a

Am J Cancer Res 2018;8(11):2176-2184



[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

2183

KSHV and HPV

promising biomarker.
2010; 23: 257-64.
Chang KP, Lin SJ, Liu SC, Yi JS, Chien KY, Chi
LM, Kao HK, Liang Y, Lin YT, Chang YS, Yu JS.
Low-molecular-mass secretome profiling iden-
tifies HMGA2 and MIF as prognostic biomark-
ers for oral cavity squamous cell carcinoma.
Sci Rep 2015; 5: 11689.

Gamez-Pozo A, Sanchez-Navarro |, Calvo E,
Agullo-Ortuno MT, Lopez-Vacas R, Diaz E, Ca-
mafeita E, Nistal M, Madero R, Espinosa E, Lo-
pez JA, Fresno Vara JA. PTRF/cavin-1 and MIF
proteins are identified as non-small cell lung
cancer biomarkers by label-free proteomics.
PL0S One 2012; 7: e33752.

Tomiyasu M, Yoshino I, Suemitsu R, Okamoto
T, Sugimachi K. Quantification of macrophage
migration inhibitory factor mRNA expression in
non-small cell lung cancer tissues and its clini-
cal significance. Clin Cancer Res 2002; 8:
3755-60.

Verjans E, Noetzel E, Bektas N, Schutz AK, Lue
H, Lennartz B, Hartmann A, Dahl E, Bernhagen
J. Dual role of macrophage migration inhibitory
factor (MIF) in human breast cancer. BMC Can-
cer 2009; 9: 230.

Leng L, Metz CN, Fang Y, Xu J, Donnelly S,
Baugh J, Delohery T, Chen Y, Mitchell RA, Bu-
cala R. MIF signal transduction initiated by
binding to CD74. J Exp Med 2003; 197: 1467-
76.

Bernhagen J, Krohn R, Lue H, Gregory JL, Zer-
necke A, Koenen RR, Dewor M, Georgiev |,
Schober A, Leng L, Kooistra T, Fingerle-Rowson
G, Ghezzi P, Kleemann R, McColl SR, Bucala R,
Hickey MJ, Weber C. MIF is a noncognate li-
gand of CXC chemokine receptors in inflamma-
tory and atherogenic cell recruitment. Nat Med
2007; 13: 587-96.

Krockenberger M, Engel JB, Kolb J, Dom-
browsky Y, Hausler SF, Kohrenhagen N, Dietl J,
Wischhusen J, Honig A. Macrophage migration
inhibitory factor expression in cervical cancer.
J Cancer Res Clin Oncol 2010; 136: 651-7.
Cheng RJ, Deng WG, Niu CB, Li YY, Fu Y. Expres-
sion of macrophage migration inhibitory factor
and CD74 in cervical squamous cell carcino-
ma. Int J Gynecol Cancer 2011; 21: 1004-12.
Xiao DZ, Dai B, Chen J, Luo Q, Liu XY, Lin QX, Li
XH, Huang W, Yu XY. Loss of macrophage mi-
gration inhibitory factor impairs the growth
properties of human Hela cervical cancer
cells. Cell Prolif 2011; 44: 582-90.

Guo P, Wang J, Liu J, Xia M, Li W, He M. Macro-
phage immigration inhibitory factor promotes
cell proliferation and inhibits apoptosis of cer-
vical adenocarcinoma. Tumour Biol 2015; 36:
5095-102.

Drug News Perspect

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[59]

Wang Q, Wei Y, Zhang J. Combined knockdown
of D-dopachrome tautomerase and migration
inhibitory factor inhibits the proliferation, mi-
gration, and invasion in human cervical can-
cer. Int J Gynecol Cancer 2017; 27: 634-642.
Wu S, Sun J, Lian J, Shang H, Tao H, Xie J, Lin
W. Macrophage migration inhibitory factor pro-
moter polymorphisms (-794CATT5-7) as poten-
tial biomarker for early-stage cervical cancer. J
Obstet Gynaecol Res 2017; 43: 571-579.
Chaitanya NC, Allam NS, Gandhi Babu DB,
Waghray S, Badam RK, Lavanya R. Systematic
meta-analysis on association of human papil-
loma virus and oral cancer. J Cancer Res Ther
2016; 12: 969-74.

Kim SM. Human papilloma virus in oral cancer.
J Korean Assoc Oral Maxillofac Surg 2016; 42:
327-336.

Mallen-St Clair J, Alani M, Wang MB, Srivatsan
ES. Human papillomavirus in oropharyngeal
cancer: the changing face of a disease. Bio-
chim Biophys Acta 2016; 1866: 141-150.
Dittmer DP, Tamburro K, Chen H, Lee A, Sand-
ers MK, Wade TA, Napravnik S, Webster-Cyri-
aque J, Ghannoum M, Shiboski CH, Aberg JA.
Oral shedding of herpesviruses in HIV+ pa-
tients with varying degrees of immune status.
AIDS 2017; 31: 2077-2084.

Flaitz CM, Jin YT, Hicks MJ, Nichols CM, Wang
YW, Su lJ. Kaposi's sarcoma-associated her-
pesvirus-like DNA sequences (KSHV/HHV-8) in
oral AIDS-Kaposi’s sarcoma: a PCR and clinico-
pathologic study. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1997; 83: 259-64.
Ramirez-Amador V, Martinez-Mata G, Gonza-
lez-Ramirez |, Anaya-Saavedra G, de Almeida
OP. Clinical, histological and immunohisto-
chemical findings in oral Kaposi’'s sarcoma in a
series of Mexican AIDS patients. Comparative
study. J Oral Pathol Med 2009; 38: 328-33.
Lager |, Altini M, Coleman H, Ali H. Oral Kapo-
si’'s sarcoma: a clinicopathologic study from
South Africa. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2003; 96: 701-10.

Clifford GM, Siproudhis L, Piroth L, Poizot-Mar-
tin I, Radenne S, Reynes J, Lesage A, Heard |,
Henno S, Flejou JF, Marchand L, Combes JD,
Etienney I; ANRS EP57 APACHES Study group.
Determinants of high-grade anal intraepitheli-
al lesions in HIV-positive men having sex with
men. AIDS 2018; 32: 2363-2371.

Marra E, Lin C, Clifford GM. Type-specific anal
human papillomavirus prevalence among
men, according to sexual preference and HIV
status: a systematic literature review and me-
ta-analysis. J Infect Dis 2018; [Epub ahead of
print].

Liu Z, Fang Q, Zuo J, Wang J, Chen Y, Minhas V,
Wood C, He N, Zhang T. High seroprevalence of

Am J Cancer Res 2018;8(11):2176-2184



(56]

2184

KSHV and HPV

human herpesvirus 8 and herpes simplex virus
2 infections in men who have sex with men in
Shanghai, China. J Med Virol 2017; 89: 887-
894.

Liu Z, Fang Q, Zuo J, Chen Y, Minhas V, Wood C,
Zhang T. Global epidemiology of human her-
pesvirus 8 in men who have sex with men: a
systematic review and meta-analysis. J Med
Virol 2018; 90: 582-591.

[57] Strong MJ, Baddoo M, Nanbo A, Xu M, Puetter

A, Lin Z. Comprehensive high-throughput RNA
sequencing analysis reveals contamination of
multiple nasopharyngeal carcinoma cell lines
with Hela cell genomes. J Virol 2014; 88:
10696-704.

Am J Cancer Res 2018;8(11):2176-2184



