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Abstract

Background: Identifying etiologic factors contributing to Wilms tumor (WT) is necessary for its prevention and treatment. Onco-
genic viruses cause nearly 20% of all human cancers. Although trials on preventing virus-caused cancers are complex and difficult,
but they are not impossible to conduct. Human Cytomegalovirus (HCMV) and human herpes virus-6 (HHV6) can cause different types
of cancers.
Objectives: The current study aimed to investigate whether HCMV and HHV6-DNA are present in patients with WT. This is the first
study of this kind in Iran.
Methods: This study was performed on patients with kidney disorders who were referring to Mofid Pediatrics Hospital, Tehran
(Iran), during 2010-16. In total, 98 kidney samples (49 patients with WT and 49 normal kidneys (autopsy) and kidneys with benign
noninfectious lesions) were investigated to identify HCMV and HHV6-DNA. Qualitative Polymerase Chain reaction (PCR) method and
nested polymerase chain reaction (nested-PCR) technique were used to identify HCMV and HHV6, respectively.
Results: No significant difference was found between WT patients and controls concerning the HCMV or HHV6.
Conclusions: Based on the findings, it can be concluded that there is no association between these viruses and WT.
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1. Background

Wilms tumor (WT) or nephroblastoma is the most com-
mon childhood malignancy, which is an an embryonal tu-
mor originating from renal precursor cells. There appears
to be no appreciable sex predilection. WT mostly occurs in
infants, and 50% of cases are diagnosed before the age of
three and 90% before the age of six years. It rarely occurs as
a congenital neoplasm and in adolescents and adults (1).

Identifying etiologic factors contributing to WT is nec-
essary for its prevention and treatment as well as increas-
ing the quality of life of patients. In most cases, no clear
cause is known. In addition to genetic factors (1), certain
maternal and environmental factors may increase the risk
of WT. A study has reported that exposure to pesticides
during pregnancy, preterm birth, and high birth weight
increases the risk of WT (2). Shrestha et al. (3) also re-
ported a positive association between prenatal exposure to
perchloroethylene, formaldehyde, acetaldehyde, and poly-

cyclic aromatic hydrocarbons (known carcinogens) dur-
ing the third trimester and WT.

HHV-6 and HCMV are members of the herpesvirus fam-
ily that cause life-long persistence infections (4, 5). The car-
cinogenesis of these viruses is also proved by various stud-
ies (4, 6-15). As more information becomes available, our
knowledge about the role of human herpesviruses in the
development of various types of cancer changes.

In addition to some direct oncogenic mechanisms,
they can cause the initiation and/or progression of the tu-
mor through influencing the immune system’s functions
and responses (both immunosuppression and tumor-
promoting inflammation) (16).

2. Objectives

The current study aimed to investigate the presence of
HCMV and HHV6 DNA in patients with WT. Qualitative PCR
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test and nested-PCR technique were used to identify CMV
and HHV6, respectively. Detection of viruses in tumors such
as WT, could provide useful information for developing
treatment protocols, such as target therapy for the virus.
According to the best knowledge of the authors, this is the
first study of this type in Iran.

3. Methods

3.1. Patients and Controls

Fifty formalin-fixed, paraffin-embedded (FFPE) tissue
samples taken from the kidney of patients with WT were
retrieved from the archive of the Department of Pathol-
ogy of Mofid Pediatrics Hospital, a referral center for pe-
diatrics diseases in Tehran, Iran. Samples were taken from
2010 to 2016. Based on the histological criteria (1), WT was
diagnosed by a pediatric pathologist. Fifty age-matched
samples were selected as control. These samples included
normal kidneys from autopsy specimens and non-tumoral
and noninfectious kidney specimens taken from 2010 to
2016.

3.2. Exclusion Criteria for the Control Group

Exclusion criteria were as follow: the presence of a tu-
mor, the presence of infectious disease, and history of cor-
ticosteroid and immunosuppressive therapy.

University Ethics Committee code: the cur-
rent study is approved by the Ethics Commit-
tee of Shahid Beheshti University of Medical Sci-
ences (code: IR.SBMU.RETECH.REC.1395.95 and
IR.SBMU.RETECH.REC.1395.744).

3.3. Paraffin-Embedded Tissue Section Preparation and DNA Ex-
traction

Archived-tissue sections were deparaffinized and rehy-
drated with xylene and ethanol solutions. The genome
was extracted from the tissue sections according to the
RTP® DNA/RNA Virus Mini Kit procedure (Stratec molecu-
lar, Berlin, Germany). The extracted nucleic acids were kept
in the freezer until upstream processes.

3.4. Polymerase Chain Reaction (PCR)

Before CMV and HHV-6 screening, the b-globin gene
amplification was performed using the PC03/PC04 and
GH20/PC04 primer sets to assess the quality of DNA extrac-
tion (17). The process was conducted following the Sybr
Green Real-time PCR-Melting curve format.

3.4.1. CMV Screening

A 116 bp gene region of the envelope glycoprotein B
(gpUL55) was used for the identification of CMV genome by
the TaqMan real-time PCR method. The primer and probe
sequences were: CMV-r ; 5’-AAGTACCCCTATCGCGTGTG-3’,
CMV-f; 5’-ATGATGCCCTCRTCCARGTC -3’, CMV-P ; 5’-FAM-
TGGCCCAGGGTACGGATCTTATTCG-BHQ1-3’ (18). The real-
time PCR amplification program was performed at 94°C
for 10 minutes, followed by denaturation at 94°C for 10 sec-
onds, and annealing and extension at 60°C for one minute
(in 50 cycles). RT-PCR System CFX-96 (BIO-Rad, USA) with HS
Prime Taq Premix TaqMan reagent (GENETBIO, Korea) was
used for assessing the RT- PCR.

3.4.2. HHV6 Screening

HHV-6 genome was identified by a Nested-PCR assay
that is described elsewhere (19). The nested PCR was car-
ried out using the main viral capsid protein primer sets
amplifying a 214 bp gene region of the virus genome; (HHV-
1 (outer): 5’-CAATGCTTTTCTAGCCGCCTCTTC-3’ and HHV-
2 (outer): 5’- ACATCTATAATTTTAGACGATCCC-3’ and HHV-
3 (inner): 5’- TTGTGCGGGTCCGTTCCCATCATA-3 and HHV-4
(inner): 5’- TCGGGATAGAAAAACCTAATCCCT).

3.5. Statistical and Ethical Considerations

The sample size was calculated using the following for-
mula:

(1)Sample Size =
Z1−∝/2

2 P (1− P )

d2

(2)Z1− ∝/2 = 1.96; d = 0.05;P = 0.075

Data were analyzed using SPSS version 13.0 software
[Statistical Procedures for Social Sciences; Chicago, Illinois,
USA]. The Fisher test was used for analyzing the data. A P
value < 0.05 was considered as statistically significant.

To observe confidentially of information, all data were
collected unanimously, and reports were only examined by
the pathologists. The materials taken from the references
are not changed.

4. Results

Two samples didn’t meet inclusion criteria (one from
each group) for PCR; therefore, 49 samples in each group
were analyzed. Twenty-seven samples were taken from
males and 22 from females. The youngest and oldest pa-
tients were 2 months and 10 years, respectively. For the
WT patients, HCMV -DNA was detected in three (6.1%) sam-
ples (positive in 6.1% and negative in 93.9%). For controls,
HCMV -DNA was found in five (10.2%) samples (negative in

2 Arch Pediatr Infect Dis. 2021; 9(1):e103904.



Kazemi Aghdam M et al.

89.8% and positive in 10.2%) with a P-value of 0.7 (0.7 >
0.05). The difference between the two groups concerning
the HCMV results was not significant. HHV6–DNA was de-
tected in three patients with WT and three samples of the
control group (6% positivity, P value > 0.05).

5. Discussion

To develop new therapeutic options and/or preventive
approaches to cancers, information on etiologic factors
are required. Lately, some studies investigated prevention
from virus-linked cancers, which would be complex and
difficult, but not impossible (20, 21). A combination of vac-
cines and medications that inhibit neoplastic cells from
concealing from the immune response is proposed to treat
virus-caused cancers (21).

In the current study, as the first of this type in Iran, the
PCR technique was used to detect HCMV and HHV6- DNA,
and no statistically significant difference was found be-
tween the two groups. Therefore, there was no association
between WT and these viruses in patients investigated in
the current study.

WT is the most common childhood renal tumor (it ac-
counts for nearly 85% of the kidney tumors), which mostly
occurs before the age of six (1). Although the average treat-
ment rate and five-year survival have improved dramati-
cally during recent years, special attention should be paid
to the immediate and long-term side effects of WT treat-
ment. Identifying new methods of WT prevention not only
is useful to decrease the burden of the disease but also
would be a significant progress in developing therapeutic
options.

HCMV can contaminate most human tissues and or-
gans, including renal epithelial cells. The model of on-
comodulation (progression and spread of the tumor-
induced by viral regulatory proteins and non-coding RNA)
(4) can be useful to explain the tumorigenicity of HCMV in
some, but not all, of the HCMV infected tumors. HCMV is
one of the human oncoviruses because of the ability of its
gene products to affect many cell functions, such as dysreg-
ulation of the cell cycle, immortalization, mutation, and
viral genome instability, improved survival, and immune
system escape with tumor progression and spread (12). In
addition to seroepidemiological facts, HCMV -DNA, messen-
ger RNA (mRNA), and/or antigens are reported in tumor tis-
sues (4, 6). A study has reported that 44% of children with
WT and 40% of patients with neuroblastoma had HCMV an-
tibodies in their sera (7). Wolmer-Solberg and colleagues
(11) reported that six neuroblastoma cell lines and all 36
primary neuroblastomas were contaminated with HCMV
(HCMV immediate-early protein in 100%, and late protein
in 92%); however, the authors noted that no infectious virus

was separated. Considerable reduction in cancer growth
and viral protein was observed both in vivo and in vitro
after administration of HCMV -specific antiviral drugs, sug-
gesting a significant contribution of HCMV in the develop-
ment of neuroblastoma, as well as the high potential of ad-
ministering antiviral medication as a therapeutic option
in future therapies.

Scheurer et al. (8) investigated 21 glioblastomas (GBM)
using the sensitive immunohistochemically (IHC) and in
situ hybridization (ISH) techniques and identified HCMV -
DNA and antigen in 21 cases. They also found the HCMV -
DNA and antigen in 9 (out of 12) anaplastic gliomas and in
14 (out of 17) low-grade gliomas. IHC showed that 79% of
GBM cells were HCMV -positive and 48% of cells were pos-
itive in lower-grade gliomas, suggesting that HCMV infec-
tions may cause and/or facilitate the progression of malig-
nant glial tumors. Also, the nucleic acids of HCMV and/or
proteins were identified in all 22 prostatic preneoplastic
conditions and neoplasms by IHC, ISH, PCR, and DNA se-
quencing. Viral proteins were stronger and more frequent
in the PIN and basal cell hyperplasia, and had a smaller
amount in carcinoma cells (9). Melnick et al. (10), using the
IHC, suggested a contributory association between HCMV
and mucoepidermoid carcinoma of the salivary gland. In
addition, HCMV proteins (IE1-72 and pp65) were identified
in 82% and 78% colorectal polyps, respectively, and 80% and
92% of adenocarcinomas, respectively. The adjacent non-
tumoral biopsies from the same patients were negative
(13).

According to the literature, HHV-6 is related to several
types of cancers. Gliomas of 88 untreated children were
investigated for detecting HHV-6 using the IHC and ISH
as well as the nested PCR method and were compared to
nonglial neoplasms and normal brain. The nested PCR de-
tected HHV-6U57 in 57% of tumors (P-value: 0.001), and 61%
of tumors had HHV-6U31 (P = 0.019). HHV-6U57 was proved
in 54% of tumors using the ISH (P value: 0.021), indicat-
ing a non-lymphocytic source of HHV-6. IHC detected HHV-
6A/B gp116/64/54 late antigen in 40% of tumors (P: 0.013).
The IHC positivey was seen in 58% of low-grade gliomas
compared to 19% positivity in gliomas of higher grade (P:
0.002) and 25% of nonglial tumors (P-value: 0.001). Co-
localization of HHV-6A/B gp116/64/54 antigen with glial fib-
rillary acidic protein confirmed the astrocytic derivation
(14). Crawford et al. (15) showed a 47% positivity for HHV-6
U57 Major Capsid Protein (MCP) gene in adult primary and
recurrent CNS neoplasms by ISH (P = 0.001) and nested PCR
(P = 0.001). Active infection was suggested because HHV-
6A/B early (p41) antigen was detected in 24% (P = 0.003) and
late antigen (gp116/64/54) was discovered in 35% of tumors
(P value = 0.002) by IHC. The IHC showed that glial tumors
are three times more positive for both HHV-6 early and late
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antigens compared to nonglial tumors (15).
HHV-6 positivity is also reported in oral squamous cell

carcinoma (22) and in skin cancer with a three-time higher
risk in basal cell carcinoma (23). By the time writing the
present study, there was no study in English Medical liter-
ature concerning the association between WT and HHV6.

The current study had limitations, including a small
sample size (n = 49). In addition, only the presence of the
viruses was evaluated, and due to the technological limita-
tions, the etiologic role was not investigated. Studies with a
larger sample size with more advanced techniques are rec-
ommended to investigate any etiologic role.

5.1. Conclusions

HCMV -DNA was identified in only three (6.1%) WT sam-
ples. Five cases in the control group had a CMV virus (10.2%),
which might be a coincidence. However, the difference be-
tween WT and control cases concerning the CMV incidence
was not statistically significant (P value 0.7 > 0.05). HHV6-
DNA was detected in three patients with WT and three pa-
tients in the control group (6% positivity, P value > 0.05).
According to the best knowledge of the authors, the cur-
rent study is the first of this type in Iran, and the findings
didn’t support the association between HCMV and HHV6 in
patients with WT.
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