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Abstract

Background: Head and neck cancers (HNC) constitute the sixth common type of malignancies worldwide and can affect a wide
range of anatomical regions. The role of the herpes simplex virus (HSV) in oral squamous cell carcinoma (OSCC) has been previously
investigated.

Objectives: The objective of the current study was to evaluate the molecular epidemiology of herpes simplex virus types 1 and 2
(HSV-1and HSV-2) in patients with HNC.

Methods: A total of 156 patients with HNC were chosen including 90 biopsies and 66 formalin-fixed paraffin-embedded (FFPE) sam-
ples. HNC was confirmed and affected different anatomical regions. HSV detection was performed by a polymerase chain reaction
(PCR) and HSV typing was assessed by a multiplex PCR.

Results: The 156 HNC specimens included 35 (22.4%) larynx, 29 (18.6%) tongue, 6 (3.8%) glands (parotid and tonsil), 12 (7.6%) nasophar-
ynx, 9 (5.7%) pharynx, 33 (21%) vocal cord, 3 (1.9%) palatine, glottis 17 (10.8%), nasal 2 (1.3%), mandibular 4 (2.5%), lip 4 (2.5%), neck 1(0.6%),
and face 1(0.6%). The mean = SD of the patients’ age was 60.3 &= 12.65, where 121 (77.1%) were male. The HSV was detected in 4 (2.6%)
samples and 75% of HSV positive samples were HSV-1.

Conclusions: The rate of HSV infection in Iranian patients with HNC was 2.6% with the majority being HSV-1(75%). As a preliminary
study in Iranian patients with HNC, cancer location was not statistically significant. Further investigations are needed to assess the
role of HSV in HNC.
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1. Background sis (9). There are 274000 new cases of oral squamous cell
carcinoma (OSCC) worldwide annually. HNCs incidence in
Iran is estimated 46.3 cases per 100,000 people (49.5 in
men and 43 in women) (2). The majority of OSCC patients
are older than 50 years old (10). Tobacco and alcohol con-

sumption are known as major risk factors in OSCC tumori-

Malignant diseases are a major health issue worldwide
and the third cause of mortality in Iran (1, 2). Head and
neck cancers (HNC) are the sixth common type of malig-
nancies worldwide (1, 3). Head and neck squamous cell car-

cinoma (HNSCC) can affect a wide range of anatomical re-
gions including oral cavity, nasal, nasopharynx, orophar-
ynx, paranasal sinuses, larynx, thyroid, and parotid glands
(2, 4, 5). The annual incidence rate of HNSCCs is 690000
new cases and the death rate is 380000 worldwide (2, 6).
Further, there are 40000 new cases and 7890 death in the
USA (7). HNSCC claims 21% of male cancers and 11% of fe-
male cancers in western Asia, India, and Pakistan (8). Oral
cancer is one of the crucial HNSCCs due to its poor progno-

genesis (11).

Different genetic and environmental factors such as to-
bacco, alcohol consumption, viral infections, and poor oral
hygiene are associated with HNSCC (12-15). Different stud-
ies have shown the presence of DNA viruses such as her-
pes simplex virus (HSV), Epstein-Barr virus (EBV), and hu-
man papillomavirus (HPV)in oral dysplasia and OSCC spec-
imens (16-19). Also, the role of the EBV and HPV in OSCC, na-
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sopharyngeal carcinoma, and HNSCC is well studied (15, 20,
21).

HSV is a member of the Herpesviridae family and Al-
phaherpesvirinae subfamily. The HSV genome is 124 - 235
kb and can induce latent infection in host cells. The HSV
is divided into two HSV-1 and HSV-2 types based on the gly-
coprotein G of the virus (22, 23). Serological assessment of
HSV in oropharyngeal cancer has indicated shorter life ex-
pectancy in patients with anti-HSV IgG and tobacco smoke
coexistence (24). The role of HSV as a risk factor for OSCC
has been studied previously (18,19).

2. Objectives

The aim of the current study was to evaluate the molec-
ular epidemiology of herpes simplex virus types 1 and 2
(HSV-1 and HSV-2) in patients with head and neck cancer
(HNC).

3. Methods

3.1. Patient’s Selection

For this cross-sectional study, we used 90 biopsies and
66 formalin-fixed paraffin-embedded (FFPE) samples. All of
the included patients had confirmed HNC cases and writ-
ten informed consent was obtained from them. All of the
samples were collected from hospitals affiliated with Iran
University of Medical Sciences, Tehran, Iran from 2010 to
2016. The study ethics was approved by the ethics commit-
tee of Iran University of Medical Sciences under the code
no: IRIUMS.REC.1397.737.

3.2. Nucleic Acid Extraction

A 25 mg of tissue slice (2 - 3 slices of 10 microns thick-
ness) of all samples was used for the DNA extraction. The
DNA extraction was performed by QlAamp DNA FFPE Tis-
sue Kit (Qiagen, Dusseldorf, Germany) extraction kit. All
of the procedures were conducted based on the manufac-
turer’s protocols. The quality of extracted DNA was inves-
tigated via spectrophotometry using NanoDrop ND-1000
(Thermo Fisher Scientific Inc., Waltham, MA, USA). All of
the extracted samples were stored at-70°C before the poly-
merase chain reaction (PCR) assessment.

3.3. HSV Detection and Typing

HSV detection was performed through the conven-
tional polymerase chain reaction (PCR) using the following
primers of forward 5-ATGGTGAACATCGACATGTACGG-3’
(25) and reverse 5-GTAGATGGTGCGGGTGATGTT-3’ with
the PCR product size of 285 kb. Furthermore, the HSV

typing was performed by a multiplex PCR using for-
ward 5-ATGGTGAACATCGACATGTACGG-3® and reverse
5’-CCTCGCGTTCGTCCTCGTCCTCC-3" For HSV-1 and for-
ward 5-ATGGTGAACATCGACATGTACGG-3’ and reverse
5-CCTCCTTGTCGAGGCCCCGAAAC-3’ for HSV-2 with their
product sizes being 469 and 391 kb, respectively (25). For
the heating program, we used a Bio-Rad thermocycler
(T100™ Thermal Cycler) instrument. For the first round of
HSV detection, we used 5 min 95°C (pre denaturation step)
followed by 40 cycles of 30s at 95°C (denaturation), 30s at
55°C (annealing) and 30s at 72°C (extension), and a final
extension at 72°C 5 min. The HSV multiplex PCR for typing
was performed at 5 min 95°C, 40 cycles of 30 min 95°C, 30
s at 60°C, 30 s at 72°C, and one step final extension at 72°C
7 min. The PCR products were visualized and stained in 2%
gel agarose electrophoresis.

3.4. Statistical Analysis

For the statistical assessment, we used SPSS version 22
(SPSS Inc., Chicago, IL, USA) with the significant results con-
sidered as P value > 0.05. The statistical assessment based
on variables was performed by non-parametric Mann-
Whitney U and chi-square test.

4. Results

4.1. Patients’ Demographic and Clinicopathological Character-
istics

A total of 156 samples including 90 (57.3%) biopsy and
66 (42%) formalin-fixed paraffin-embedded (FFPE) samples
were assessed in this study. Out of all cases, 121 (77.1%) were
male and 35 (22.3%) were female. The mean = SD of the pa-
tients’ age was 60.3 £ 12.65 and the mean =+ SD of males
and females age was 60.78 1= 11.98 and 56.74 £ 14.9, respec-
tively. The HNC samples included larynx, tongue, glands
(parotid and tonsil), nasopharynx, pharynx, vocal cord,
palatine, glottis, nasal, mandibular, lip, neck, and face.
More details of the patient’s demographic data and tumor
characteristics are summarized in Table 1. Squamous cell
carcinoma (SCC) was found in 151(96.2%) and basaloid cell
carcinoma (BCC) was observed in 4 (2.5%), with adenocarci-
noma seen in 1(0.6%) patient. Also, 76 (48.4%) patients had
lymph node involvement by cancer while 80 (51%) did not
show any lymph node involvement (P> 0.05). Of all cases,
83 (52.9%) had tumor invasion to adjacent tissue, while in
70 (46.5%) cases no invasion was found (P > 0.05). Dif-
ferentiation pattern of tumor cells showed that 47 (30.1%)
were well-differentiated, 41 (26.3%) moderately, 30 (19.2%)
poorly, and 38 (28.3%) un-differentiated (P < 0.05). The sta-
tistical assessment indicated a significant association be-
tween lymph node invasion and differentiation pattern of
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tumors (P < 0.05). Most of the un-differentiated tumors
had lymph node involvement.

4.2. HSV Infection and HSV Typing

The HSV infection and typing were assessed by PCR as
mentioned above. PCR results for the HSV infection indi-
cated that the HSV genome was present in 4 (2.6%) samples.
The HSV infection did not show any statistically significant
association with any other parameters. Furthermore, the
typing of HSVisolates indicated that 3 (75%) of HSV infected
cases were HSV-1and 1(25%) was HSV-2. The complete char-
acteristics of the HSV positive cases are summarized in Ta-
ble 2.

5. Discussion

The aim of the current study was to evaluate the molec-
ular epidemiology of HSV-1and HSV-2 in patients with head
and neck cancer (HNC). The mean = SD of the patients’ age
was 60.3 & 12.65, and 121 (77.1%) were male. Tumor loca-
tion included larynx 35 (22.4%), tongue 29 (18.6%), glands
(parotid and tonsil) 6 (3.8%), nasopharynx 12 (7.6%), phar-
ynx 9 (5.7%), vocal cord 33 (21%), palatine 3 (1.9%), glottis 17
(10.8%), nasal 2 (1.3%), mandibular 4 (2.5%), lip 4 (2.5%), neck
1(0.6%), and face 1(0.6%). Using the PCR, HSV genome was
found in 4 (2.6%) samples, of which 3 (75%) were HSV-1.

HNSCC malignancy is associated with the cancer loca-
tion, gender, and geographical region. Its incidence ranges
are from 5% to 50% of all malignancies in different coun-
tries. Sothern Asia and Europe are the most prevalent geo-
graphical locations (7, 26). Also, HNSCC seems to be more
common in the male gender (7, 27). The most prevalent
HNSCC in India is oral and tongue cancer while in Hong
Kong is nasopharynx cancer (28, 29). The prevalence of the
HSV in HNSCC different types including OSCC and pharyn-
golaryngeal squamous carcinoma ranges within 5% - 25%
(19, 30). In the study conducted by Larsson et al. (31), the
association of HSV infection and HNSCC outcome was in-
vestigated. They reported that HSV prevalence had no sig-
nificant differences. Also, the importance of the IgM anti-
body against HSV in oral malignancies was suggested by
Correiaetal. (32). The anti-HSV Ab levels could act as a prog-
nostic factor in HNSCC progression (31). The current study
aimed to assess molecular epidemiology of HSV as a pre-
liminary study in Iranian patients with HNC and further
studies should evaluate the prognostic factors. Although
we found the lowest rate of HSV infection in patients with
HNC, it could be due to our specific population, limited
sample size, or geographical and racial differences. Nev-
ertheless, our findings showed the same pattern of HNC
prevalence in the male gender as with previous studies (7,
27).
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Parker et al. (33) indicated that HSV and HPV infections
are both play an important role in HNSCC incidence. In a
study by Osman and et al. (34), there was a significant asso-
ciation between HSV infection and mandibular OSCC. Also,
they reported that HSV-1 and HSV-2 prevalence in HNSCC
was 18% and 6%, respectively. Based on the current study
results, there were no HSV positive cases with mandibu-
lar tumors. This might be due to the differences in the pa-
tients’ groups or the sample size. Regardless of the dif-
ferences between our study results and other studies, we
found the majority of HSV-1 isolates infected our patients
with HNC. The authors of previous study on HNC patients
showed that HPV was found in 3.2% of the patients (35). Ac-
cording to the results of the present study which found
2.6% of the patients were infected by HSV genome, it could
be concluded that the rate of these viral infections is low.

In the study by Jalouli et al. (18), the prevalence of HSV
in patients with OSCC was calculated 15% worldwide, while
the highest HSV prevalence was seen in the UK (55%). These
results clearly suggested the geographical differences in
the HSV prevalence in patients with OSCC which could
magnify the epidemiological importance of the HSV infec-
tion in this group.

Mokhtari et al. (36) reported the HSV-1 in 5% of
patients with OSCC. Also, Bashir et al. (37) reported a
higher prevalence of HSV-2 in OSCC Paraffin-embedded
well-differentiated tissue samples. The prevalence of the
HSV-1 and HSV-2 in Bashir’s study was 7.5% and 15%, respec-
tively. Also, 5% of the investigated samples were co-infected
by HSV-1 and HSV-2. Our results are likely similar to the
study of Mokhtari et al. (36), which confirmed the low rate
of HSV infection in HNC patient’s tumor tissue.

Further, based on the current study results, 121(77.1%) of
HNSCC patients were male. This domination of male gen-
der has been mentioned in an earlier study (38). In a study
of Rautava et al. (39) they were focused on HPV detection
and HPV typing in HNSCC patients and also, they identified
HSV-1 co-infection in 6.6% of cases with HPV infection. In
Rautava etal.’s study(39), the HNSCC tumorsincludedlip 5,
oral cavity 37, oropharynx 31, nasopharynx 8, hypopharynx
15, and larynx 10 cases. Although we used different cancer
locations, they did not address the exact HSV positive loca-
tions.

Devilleres-Mendoza and Chang (40) discussed a case
with laryngeal squamous cell carcinoma with HSV associ-
ated cytopathology features. In our study, we could detect
the HSV genome in the larynx of the case. This result might
be a clue for further investigations. Nevertheless, in the
study conducted by Furukawa et al. (41), it was suggested
that the HSV-1strain RH-2 (where the y34.5 gene is removed
from it) could be a great autophagy inducer and has poten-
tial to act as a target for viral therapy in HNSCC subjects.
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Table 1. Tumor Location and Patient’s Data About Gender, Lymph Node Involvement, and Differentiation Level of Tumor, Invasion and Type of Sampling®

HNC Anatomic ]::t;l Gender Lymph Node Involvement by Tumor Tumor Differentiation Tumor Invasion Sample Type
Location ber Male Female Involved NotInvolved Well Moderate Poor Un- Invades Not- Biopsy FFPE
Differentiated Invades

Larynx 35(22.4) 27(223) 8(22.9) 19(25) 16(20) 8(17) 9(22) 13(37.1) 8(29) 24(28.9) 1(15.1) 17(18.9) 18(27.3)
Tongue 29 (18.6) 16 (13.2) 13 (37.1) 11(14.5) 18(22.5) 17(36.2) 6(14.6) 4(133) 2(7.4) 12 (14.5) 17(233) 1(12.2) 18(27.3)
Glands (parotid 6(3.8) 4(33) 2(5.7) 2(2.6) 4(5) 2(43) 2(4.9) 1(33) 1(3.7) 3(3.6) 3(41) 2(22) 4(61)
and tonsil)
Nasopharynx 12(7.6) 10(83) 2(5.7) 7(9.2) 5(6.3) 0 1(2.4) 1(33) 0 3(3.6) 9(123) 9(10) 3(45)
Pharynx 9(5.7) 5(4.) 4(11.4) 6(7.9%) 3(3.8) 2(43) 3(73) 0 4(14.8) 4(4.8) 5(6.8) 8(8.9) 1(15)
Vocal cord 33 (21) 33(27.3) 0(0) 18(23.7) 15 (18.8) 10 (21.3) 11(26.8) 6(20) 6(222) 17(20.5) 16(21.9) 30(33.3) 3(45)
Palatine 3(1.9) 2(17) 1(2.9) 0 3(3.8) 1(21) 0 1(33) 0 2(24) 1(1.4) 1(1.1) 2(3)
Glottis 17(10.8) 15 (12.4) 2(5.7) 10 (13.2) 7(8.8) 2(43) 6(14.6) [ 3(1.) 10 (12) 7(9.6) 9(10) 8(121)
Nasal 2(13) 1(0.8) 1(2.9) 2(2.6) [ 1(1.2) [ [ 1(3.7) 2(24) [ 1(11) 1(1.5)
Mandibular 4(25) 3(25) 1(2.9) 0 4(5) 2(43) 1(2.4) 0 0 3(3.6) 1(1.4) 0 4(61)
Lip 4(25) 3(25) 1(2.9) 1(13) 3(3.8) 1(1.2) 2(4.9) [ 1(3.7) 2(24) 2(27) 2(22) 2(3)
Neck 1(0.6) 1(0.8) 0(0) [ 1(13) [ (] [ 1(3.7) 1(1.2) o [ 1(1.5)
Face 1(0.6) 1(0.8) 0(0) 0 1(13) 1(12) 0 0 0 o 1(1.4) 0 1(15)
Palue? P< 0.05 P> 0.05 P< 0.05¢ P> 0.05 P> 0.05
Abbreviation: FFPE, Formalin Fixed Paraffin Embedded tissue; HNC, head and neck cancers.
AValues are expressed as No. (%).
bpyalue by chi-square for assessing the tumor location with other parameters in columns.
©Not significant.

Table 2. Demographic and Clinicopathological Characteristics of HSV Positive Cases
Case number HSV Type Sampling Type Gender Age,y Tumor Location Tumor Type Lymph Node Involvement Tumor Invasion
1 HSV1 Biopsy Female 65 Pharynx scc Yes Yes
2 HSVA1 FFPE Female 68 Larynx BCC Yes Yes
3 HSV-1 FFPE Male 54 Palatine scC No No
4 HSV-2 Biopsy Male 58 Tongue SCC Yes No

Abbreviations: BCC, basaloid cell carcinoma; FFPE, Formalin Fixed Paraffin Embedded tissue; HSV, herpes Simplex virus; SCC, Squamous cell carcinoma.

In conclusion, the current study was done for the first
time in Iranian patients with HNC with the results indicat-
ing that the HSV prevalence in HNC patients is 2.6% and
HSV-1 is the dominant type (75%). The HSV was present in
different anatomical locations including pharynx, larynx,
palatine, and tongue. This finding highlighted the impor-
tance of further investigation of the exact role of the HSV
in HNC.
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