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Summary

Purpose: The purpose of this study was to examine wheth-
er cytomegalovirus (CMV) is present in different histologi-
cal types of salivary gland cancer (SGC) by detecting CMV
immediate-early (IE) and early gene products, and to deter-
mine the presence of its association with the overexpression
of interleukin (IL)-0.

Methods: Immunohistochemical analysis of 92 cases of dif-
ferent histological types of SGC was performed to determine
the presence of IL-6 and CMV antigen and its intensity in
tumor tissue. Twenty samples of normal salivary gland tis-
sue obtained during autopsy served as healthy controls.

Results: CMV antigens were not found in healthy acinar

tissue of salivary glands, but were expressed in epithelium
of salivary gland ducts. Negative expression of CMV an-

Introduction

SGCs are rare tumors characterized by an
enormous morphological diversity between dif-
ferent subtypes going along with diverse clinical
courses [1]. Its incidence is about 2.5-3.0 per 100
000 per year [2]. Besides morphological varia-
tions among individual tumors, the morpholo-
gy can also vary greatly within the same tumor
mass, making the diagnosis and classification of
salivary gland tumors a major challenge [3]. The
etiology of SGC is still unknown, although a cor-
relation has been shown between its occurrence

tigens was also found in salivary gland tissue surround-
ing tumors. On the other hand, CMV was detected in 65/92
SGC cases (70.6%). Higher expression of IL-6 was found in
SGC (70.7%) than in normal tissue (20%). There was a high
association of CMV antigen presence with the presence of
IL-6, and with the IL-6 expression intensity.

Conclusions: Positive expression of CMV antigens in a
high percentage of SGC cells suggests that it might play
an important role in carcinogenesis by increasing IL-6 pro-
duction and leading to inhibition of apoptosis and tumor
development.

Key words: CMV, IL-6, immunohistochemistry, salivary
gland cancer

and some environmental factors, such as ionizing
radiation or direct contact with asbestos [4].

Even though environmental carcinogens and
inborn genetic mutations are in the focus of most
oncological research, only a very small percentage
of malignancies develop as a direct result of these
factors. However, there is growing evidence that
infectious agents are frequently associated with
human cancer. In the last several decades there
is increased evidence that infectious agents can
directly lead to the development of cancer, such as
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hepatoma, gastric cancer or cervical cancer [5]. In
malignancies that currently cannot be attributed
to infectious agents, it has been shown that long
lasting inflammation can lead to the transition
from neoplastic precursors to malignancy, even
though it has no oncogenic effect on normal cells
[6, 7]. During various infections, one of the most
commonly present cytokines is interleukin-6 (IL-
6), that has a very effective role in fighting off in-
fectious agents. However, it has been shown that
IL-6 has a very important protective role on the
cells from the harmful inflammation products,
including reactive oxygen species (ROS) and
free radicals. This protective effect is also pres-
ent in cells with abnormal cell cycle regulatory
pathways [8]. IL-6 has been shown to induce cell
proliferation, cell survival and inhibit apoptotic
signals. Besides this, IL-6 shows an effect on the
general metabolism and can affect many cells of
other tissues and organ systems. In various cells
IL-6 can activate different protein kinase cascades
such as mitogen activated protein kinase (MAPK)
and phosphatidylinositol-triphosphate kinase (PI-
3 kinase) [9].

Human CMV is a ubiquitous B-herpesvirus
and, depending on the socioeconomic and geo-
graphical status, 50-100% of the adult population
is seropositive [10]. Although CMV has not been
proven as a causative agent of human cancer, re-
cently, growing evidence shows that active CMV
infection is associated with various malignancies,
such as tumors of the breast, brain, colon, pros-
tate, and lung [11-17]. In these cancers CMV is
specifically detected at low levels of expression,
which might imply that chronic infection with
this pathogen induces an inflammatory response
and modulates the cellular environment, which
could lead to the development of cancer [18,19].

After primary exposure and infection, CMV
establishes a latent infection and a lifelong per-
sistence. During reactivation, in order to achieve
a productive viral cycle, the first viral genes that
are expressed are the major immediate-early
(MIE) genes (e.g. IE1, IE2). It is still uncertain ex-
actly what triggers the reactivation of CMV from
its latent form; however, it is known that the MIE
gene expression is regulated by various cis-acting
elements that enable CMV reactivation only in
certain phases of the cell cycle and differentiation
[20].

The salivary gland (SG) is a particularly in-
teresting tissue for CMV research since this vi-
rus shows tropism for the SG ductal epithelium
in both the active and latent form [21]. The aim of

the study was to examine whether CMV is pres-
ent in SGC by detecting CMV immediate-early
(IE) and early gene products, and to determine the
importance of its association with the overexpres-
sion of IL-6.

Methods

Study subjects

This retrospective study included 92 patients diag-
nosed with salivary gland carcinoma (SGC), surgically
treated at the Clinic of Otorhinolaryngology and Max-
illofacial Surgery, Clinical Center of Serbia from 2004
to 2013. The inclusion criterion was the diagnosis of
any malignant head and neck salivary gland tumor and
the exclusion criterion was the presence of recurrenc-
es. Healthy salivary gland tissue from 20 autopsy cas-
es with no malignancies and salivary gland pathology
served as controls. All procedures were approved by the
Ethical Committee of the School of Medicine, Univer-
sity of Belgrade, in accordance with the Declaration of
Helsinki.

Immunohistochemical staining

Immunohistochemical staining was performed
on 4 mm-thick paraffin tissue sections. Tissue sections
were first deparaffinized with overnight incubation in
xylene and rehydrated through graded concentrations
of ethanol. For antigen retrieval, slides were warmed
in antigen retrieval buffer in the microwave for 3 min
at 95°C, followed by cooling at room temperature for
20 min and washing 3 times with PBS. Endogenous
peroxidase activity was blocked for 5 min using Dako
Dual Endogenous Enzyme Block. After blocking, tissue
sections were washed 3 times with PBS then incubated
for 90 min at room temperature with primary Mono-
clonal Mouse Anti-CMYV antibody (1:100, clones CCH2
+ DDGY9, Dako, code M0854) and Anti IL-6 antibody
(1:100, sc-130326, Santa Cruz Biotechnology, USA).
Following this, the tissues were washed 3 times with
PBS and incubated with labeled polymer HRP Rabbit/
Mouse (Dako EnVision+ Dual Link System-HRP DAB+)
for 30 min. Staining was achieved by adding 100 ml
of DAB+ chromogen diluted 1:100 in substrate buffer
(Dako EnVision+ Dual Link System-HRP DAB+) for 10
min. Nuclei were counterstained with hematoxylin.
The same procedure was performed at the same time
on the slides with a lung fragment from a patient who
had died due to CMV pneumonia which served as a pos-
itive control. Negative control was performed on the
salivary gland tumor tissue by applying PBS instead of
primary antibody. The level of expression was scored
according to both the intensity of staining and the pro-
portion of positive staining of carcinoma cells with-
in the entire slide. Cases were considered positive if
more than 10% of tumor cells immunoreacted. Positive
reactivity was graded as weak, moderate, and strong
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Fégure 1. Immunohistochemistry of CMV proteins in
SGC tissue. (A) Negative CMV expression, (B) Weak
CMV positivity, (C) Intermediate CMV positivity, (D)
Strong CMV positivity (original magnification x100).

according to the relative strength of the immunoreac-
tivity (Figure 1).

Statistics

Positivity to CMV was determined for each sam-
ple based on the immunohistochemistry. Frequencies
and percentages were calculated to summarize CMV
expression for each histological type. Differences in
positivity of expression of CMV and IL-6 between SGC
and normal tissue were determined using the Pearson

chi-square test. The statistical significance of the as-
sociation of the presence of CMV and IL-6 expression
in SGC was determined by Pearson chi-square test and
Linear-by-Linear Association. A two-sided p value < 0.05
was considered as statistacally significant.

Results

Pathological examinations were performed
on 92 patients with SGC (49 male/53.3% and 43
female/46.7%). The most common histological
type was adenoid cystic carcinoma diagnosed in
35 cases (38%), followed by myoepithelial carci-
noma diagnosed in 15 cases (16.3%). The preva-
lence of all diagnosed histological types of SGC is
presented in Table 1. SGC was found in both big
and small salivary glands, localized in epipharyn-
gx, oral cavity, parotid and submandibular glands
(prevalence shown in Table 1).

To determine the presence of CMV in SGC,
as well as in normal salivary gland tissue, we
performed immunohistochemical investigation
using the CCH2 antibody, which reacts with an
early nuclear protein identical with non-struc-
tural DNA-binding protein p52, highly conserved
among CMV strains, and the DDG9 antibody,
which reacts with an immediate early nuclear
protein of about 76 kDa.

Our results showed that CMV was detected

Table 1. Clinical and pathological characterization of all diagnosed salivary gland carcinomas

Parameters Prevalence %
Gender Male 49 53.3
Female 43 46.7
Salivary gland size Small 47 51.1
Big 45 489
SGC localization Epipharynx 30 32.6
Oral cavity 17 185
Parotid 38 41.3
Submandibular 7 7.6
SGC histological type = Polymorphous low-grade adenocarcinoma 10 10.9
Adenoid cyctic carcinoma 35 38.0
Salivary duct carcinoma 3 3.3
Mucinous adenocarcinoma 1 1.1
Acinic cell carcinoma 7.6
Mucoepidermoid carcinoma 8 8.7
Myoepithelial carcinoma 15 16.3
Adenocarcinoma, N.O.S 9 9.8
Basal cell adenocarcinoma 2 22
Oncocytic carcinoma 1 1.1
Cribriform cystadenocarcinoma 1 1.1

SGC: salivary gland carcinoma, NOS: not otherwise specified
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Table 2. Comparison of detected CMV expression in salivary gland carcinomas with clinical and pathological

characteristics
Clinicopathological characteristics CMV expression
Negative Weak Moderate Strong

Gender Male 12 11 10 16
Female 14 10 10

Salivary gland size Small 12 8 12 15
Big 14 12 8 11

SGC localization Epipharynx 8 2 8 12
Oral cavity 4 6 3 4
Parotid 10 10 8 10
Submandibular 4 2 1 0

SGC histological type Polymorphous low-grade adenocarcinoma 5 2 0 3
Adenoid cystic carcinoma 8 4 10 13
Salivary duct carcinoma 0 3 0 0
Mucinous adenocarcinoma 1 0 0 0
Acinic cell carcinoma 2 2 1 2
Mucoepidermoid carcinoma 0 2 4 2
Myoepithelial carcinoma 5 5 3 2
Adenocarcinoma, N.O.S 4 1 0 4
Basal cell adenocarcinoma 2 0 0 0
Oncocytic carcinoma 0 0 1 0
Cribriform cystadenocarcinoma 0 1 0 0

For abbreviations see footnote of Table 1

Table 3. Expression of IL-6 in salivary gland carcino-
mas and controls

IL-6 expression

Negative Positive Total

N (%) N (%) N (%)
SGC 27 (29.3) 65 (70.7) 92 (100)
Control 16 (80) 4 (20) 20 (100)

Pearson x*= 17.820, p=0.000. SGC: salivary gland carcinoma

in 65 out of 92 SGC cases (70.6%). Detailed im-
munohistochemical results are presented in Table
2. There was no statistically significant difference
in the presence of CMV with respect to gender,
tumor localization or the size of affected salivary
gland. There was a statistically significant dif-
ference in the presence of CMV with respect to
histological types (p<0.05). In all 20 cases of the
control group, strong CMV positivity was found
only in salivary gland ductal epithelium. On the
contrary, in the gland acinar tissue, CMV positivi-
ty was not detected in any sample.

IL-6 expression was present in 65 out of 92
SGC cases (70.7%), and only in 4 cases of normal
salivary gland (20%). Detailed immunohistochem-
ical results are presented in Table 3. The analysis
revealed that IL-6 was present much more fre-
quently in the cancer tissues than in normal tissue,
and the difference was highly significant (p<0.01).

The presence of CMV in SGC compared with
the expression of IL-6 is presented in Table 4. The
results showed a high association of CMV antigen
presence with the presence of IL-6 and intensity,
which both showed a highly statistical significant
(p<0.01).

Discussion

Many reports show a very high prevalence of
CMV nucleic acids and proteins in different types
of malignancies of various organs, such as breast,
brain, colon, prostate, and lung [11-17]. Since sali-
vary glands are exposed to many infectious agents
through the oral cavity, and especially since CMV
is frequently present in the salivary gland ductal
epithelium [21], along with the fact that inflam-
mation is always present in cancer [6], and that
other herpesviruses, such as EBV and HHVS, have
been proven to cause malignancies, we hypoth-
esized that CMV could have an important role
in SGC carcinogenesis and the increase of IL-6
mediated inflammatory process. In this study, it
was shown that the CMV antigens are present in
different histological types of SGC and are highly
associated with increase of IL-6 expression.

Protein products of several CMV genes have
the ability to disrupt mechanisms involved in mu-
tagenesis, apoptosis, cell cycle, angiogenesis, cell
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Table 4. Comparison of the intensity of IL-6 and CMV antigen expression in salivary gland carcinomas

IL-6 expression

Negative Weak Moderate Strong Total
N (%) N (%) N (%) N (%) N (%)
CMV Negative 16 (61.5) 8 (30.8) 0(0) 2(7.7) 26 (100)
expression
Positive 11 (16.7) 22 (33.3) 21 (31.8) 12 (18) 66 (100)
Total 27 (29.3) 30 (32.6) 21 (22.8) 14 (15.2) 92 (100)

Linear-by-linear association value=16.398, p=0.000

invasion and host antitumor response [22]. It has
been shown that the products of MIE CMV genes
have many similarities with proteins of other
DNA oncogenic viruses, and target members of
the Rb and p53 families, and therefore promote
cell cycle, induce DNA mutations and block apop-
totic pathways.

Some studies show that CMV has the abil-
ity to express its genome only in cells that are
in a specific stage of the cell cycle. In these cells
CMV products inhibit cell death by promoting an-
ti-apoptotic pathways and could lead to the initia-
tion and/or propagation of cancer. CMV was found
in high percentage in preneoplastic prostatic epi-
thelium, and favors the transformation into pros-
tatic cancer [22]. Also, in in vitro studies of human
colonic adenocarcinoma cells (Caco-2 cells) CMV
presence was found only in cells that were in a
specific state of differentiation [23]. Another in
vivo study of colorectal cancer and its precancer-
ous lesions showed that CMV IE1-72 protein was
always found in cancer tissue. In benign lesions,
such as adenomas, IE1-72 immunoreactivity was
detected in areas of dysplastic epithelium, and was
not present in areas of normal-appearing colonic
crypts in which the cells did not show any sign
of cellular atypia [24]. In our study we also found
that CMV was absent in normal gland tissue, both
in healthy controls and in unchanged surround-
ing peritumoral tissue; however in tumor tissue
CMV antigens expression was detected.

A detailed investigation of the role of CMV in
salivary gland tumors was performed by Melnick
et al. [25]. However, the authors focused their re-
search only on one histological type of SGC, mu-
coepidermoid carcinoma (MEC). They found that
CMV antigens were present in 38 out of 39 cases
of MEC (97%) in the tumor cells, while the ad-
jacent nonmalignant tissue was unaffected. In an
animal model they also showed that the presence
of CMV in MEC cells led to upregulation and ac-
tivation of the oncogenic COX-2/AREG/EGFR/ERK
signaling pathway [26]. We have also found pos-
itive CMV protein expression in all of our MEC
cases (8/8), but we also investigated other types
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of SGC. We found a high CMYV positivity percent-
age of 77.1% in adenoid cyctic carcinoma (27/35
cases), 71% in acinic cell carcinoma (5/7 cases),
66.6% in myoepithelial carcinoma (10/15 cases),
55.6% in adenocarcinoma NOS (5/9 cases), in all
3 cases of salivary duct carcinoma. Unfortunate-
ly, in this 10-year period, some histological types
were very rare, and therefore accurate statistical
evaluation could not be performed. In the major-
ity of our positive cases the CMV expression was
weak or moderate, which is in accordance with a
study of CMYV presence in glioma tissues, where
the CMV infection was always present in low lev-
el [22].

Due to its activation of the STAT3 signaling
pathway, IL-6 can lead to various consequences
that favor cell proliferation and the progression
to neoplasia, such as activating the anti-apoptotic
Bcl-2 proteins, cell survival factors and c-myc [27].
Some reports show a higher expression of IL-6 in
cases of breast, prostatic, colon and oral cavity
cancers [28-31]. We have also found a significant-
ly higher expression of IL-6 in SGC in compari-
son to the normal control group. In vitro and in
vivo studies have shown that CMV immediate ear-
ly (IE) gene products significantly enhanced the
expression of IL-6 various cells [32,33]. We have
also found an important connection between CMV
presence and IL-6 expression. In SGC cases where
CMV virus was present, the intensity of IL-6 ex-
pression was moderate to strong in comparison
to SGC cases where CMV was not detected, and
where IL-6 expression was either negative or
weak. This difference showed highly statistical
significance (Table 4).

Even though CMV is extremely frequently
present in SG ducts, SGC remains a rather rare
malignancy. On the other hand, positive expres-
sion of CMV antigens in a high percentage of ma-
lignant cells of SGC suggests that it might play
an important role in carcinogenesis, especially in
some histological types such as myoepithelial car-
cinoma, adenoid cyctic carcinoma and acinic cell
carcinoma. We suspect that some environmental
or intrinsic pathological factors can alter the sali-
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vary gland cells and make them more susceptible
to CMV infection, allowing CMV products to fur-
ther disrupt cell mechanisms and lead to an in-
crease of IL-6 production, inducing inhibition of
apoptosis and resulting in tumor development.

Acknowledgement

References

10.

11.

12.

Barnes L, Eveson JW, Reichart P et al. Pathology and
genetics of head and neck tumours. World Health
Organization Classification of Tumours. Lyon: IARC
Press; 2005.

Speight PM, Barrett AW. Salivary gland tumours. Oral
Dis 2002;8:229-240.

Luukkaa H, Klemi P, Leivo I et al. Salivary gland can-
cer in Finland 1991-96: An evaluation of 237 cases.
Acta Otolaryngol 2005;125:207-214.

Johnson NW, Amarasinghe HK. Epidemiology and ae-
tiology of head and neck cancers. In: Bernier J (Ed):
Head and Neck Cancer 2011. Springer, New York, pp
1-40.

Demaria S, Pikarsky E, Karin M et al. Cancer and in-
flammation: promise for biologic therapy. J] Immuno-
ther 2010;33:335-351.

Colotta F, Allavena P, Sica A, Garlanda C, Mantovani
A. Cancer-related inflammation, the seventh hallmark
of cancer: links to genetic instability. Carcinogenesis
2009;30:1073-1080.

Grivennikov SI, Greten FR, Karin M. Immunity, in-
flammation, and cancer. Cell 2010;140:883-899.

Hideshima T, Nakamura N, Chauhan D, Ander-
son KC. Biologic sequelae of interleukin-6 induced
PI3-K/AKkt signaling in multiple myeloma. Oncogene
2001;20:5991-6000.

Yang L, Wang L, Lin HK et al. Interleukin-6 differ-
entially regulates androgen receptor transactivation
via PI3K-Akt, STAT3, and MAPK, three distinct signal
pathways in prostate cancer cells. Biochem Biophys
Res Commun 2003;305:462-469.

Boppana SB, Fowler KB. Persistence in the popula-
tion: epidemiology and transmission. In: Arvin A,
Campadelli-Fiume G, Mocarski ES et al. (Eds): Human
Herpesviruses: Biology, Therapy, and Immunopro-
phylaxis: Cambridge University Press, 2007, Cam-
bridge, UK. Available at http://www.ncbi.nlm.nih.gov/
books/NBK47450/

Bishop RK, Valle Oseguera CA, Spencer JV. Human
Cytomegalovirus: interleukin-10 promotes prolifera-
tion and migration of MCF-7 breast cancer cells. Can-
cer Cell Microenviron 2015;2:e678.

Richardson AK, Currie MJ, Robinson BA et al. Cyto-
megalovirus and Epstein-Barr virus in breast cancer.
PLoS One 2015;10:e0118989.

This work has been financed by the Grant No

41027 of the Ministry of Education, Science and
Technological Development of Serbia.

Conflict of interests

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24.

25.

The authors declare no confict of interests.

Soderberg-Nauclér C, Johnsen JI. Cytomegalovirus in
human brain tumors: Role in pathogenesis and poten-
tial treatment options. World J Exp Med 2015;5:1-10.

Cobbs CS, Matlaf L, Harkins LE. Methods for the de-
tection of cytomegalovirus in glioblastoma cells and
tissues. Methods Mol Biol 2014;1119:165-196.

Arastefar A, Ranjbar R, Behzad MA et al. The preva-
lence of CMV and EBV among patients with colorectal
cancer; a molecular approach. ] Immunother Cancer
2015;3 (Suppl 2):379.

Samanta M, Harkins L, Klemm K, Britt WJ, Cobbs CS.
High prevalence of human cytomegalovirus in pros-
tatic intraepithelial neoplasia and prostatic carcino-
ma. J Urol 2003;170:998-1002.

Giuliani, L, Jaxmar T, Casadio C. Detection of onco-
genic viruses (SV40, BKV, JCV, CMV, HPV) and p53
codon 72 polymorphism in lung carcinoma. Lung
Cancer 2007;57: 273-281.

Soroceanu L, Cobbs CS. Is CMV a tumor promoter?
Virus Res 2011;157:193-203.

Slinger E, Langemeijer E, Siderius M, Vischer HF,
Smit M]J. Herpesvirus-encoded GPCRs rewire cellular
signaling. Mol Cell Endocrinol 2011;331:179-184.

Yuan J, Liu X, Wu A et al. Breaking human cyto-
megalovirus major immediate-early gene silence
by vasoactive intestinal peptide stimulation of the
protein kinase A-CREB-TORC2 signaling cascade in
human pluripotent embryonal NTera2 cells. J Virol
2009;83:6391-6403.

Nichols WG, Boeckh M. Recent advances in the ther-
apy and prevention of CMV infections. J Clin Virol
2000;16:25-40.

Scheurer ME, Bondy ML, Aldape KD, Albrecht T,
El-Zein R. Detection of human cytomegalovirus in
different histological types of gliomas. Acta Neuro-
pathol 2008;116:79-86.

Jarvis MA, Wang CE, Meyers HL et al. Human cyto-
megalovirus infection of caco-2 cells occurs at the
basolateral membrane and is differentiation state de-
pendent. J Virol 1999;73:4552-4560.

Harkins L, Volk AL, Samanta M et al. Specific lo-
calisation of human cytomegalovirus nucleic ac-
ids and proteins in human colorectal cancer. Lancet
2002;360:1557-1563.

Melnick M, Sedghizadeh PP, Allen CM, Jaskoll T.

JBUON 2016; 21(6): 1535


http://www.ncbi.nlm.nih.gov/books/NBK47450/
http://www.ncbi.nlm.nih.gov/books/NBK47450/

1536

Cytomegalovirus, interleukin-6 and salivary gland cancer

206.

27.

28.

29.

Human cytomegalovirus and mucoepidermoid carci-
noma of salivary glands: cell-specific localization of
active viral and oncogenic signaling proteins is con-
firmatory of a causal relationship. Exper Mol Pathol
2012;92:118-125.

Melnick M, Deluca KA, Sedghizadeh PP, Jaskoll T.
Cytomegalovirus-induced salivary gland pathology:
AREG, FGF8, TNF-q, and IL-6 signal dysregulation
and neoplasia. Exper Mol Pathol 2013;94:386-397.
Liu KD, Gaffen SL, Goldsmith MA. JAK/STAT sig-
naling by cytokine receptors. Curr Opin Immunol
1998;10:271-278.

Kniipfer H, Preifd R. Significance of interleukin-6 (IL-
06) in breast cancer (review). Breast Cancer Res Treat
2007;102:129-135.

Chung TD, Yu JJ, Spiotto MT, Bartkowski M, Simons
JW. Characterization of the role of IL-6 in the progres-

JBUON 2016; 21(6): 1536

30.

31.

32.

33.

sion of prostate cancer. The Prostate 1999;38:199-207.

Neurath MF, Finotto S. IL-6 signaling in autoimmuni-
ty, chronic inflammation and inflammation-associated
cancer. Cytokine Growth Factor Rev 2011;22:83-89.

John MA, Li Y, Zhou X et al. Interleukin 6 and inter-
leukin 8 as potential biomarkers for oral cavity and
oropharyngeal squamous cell carcinoma. Arch Oto-
laryngol-Head Neck Surg 2004;130:929-935.

Iwamoto GK, Konicek SA. Cytomegalovirus immedi-
ate early genes upregulate interleukin-6 gene expres-
sion. J Investig Med 1997;45:175-182.

Rahbar A, Bostrom L, Lagerstedt U, Magnusson I, S6-
derberg-Naucler C, Sundqvist VA. Evidence of active
cytomegalovirus infection and increased production
of IL-6 in tissue specimens obtained from patients
with inflammatory bowel diseases. Inflamm Bowel
Dis 2003;9:154-161.



