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SUMMARY: Inflammatory myofibroblastic tumor (IMT) is composed of myofibroblasts, plasma cells, and lymphocytes.
Cytokines are possibly involved in its pathogenesis. Human herpesvirus-8 (HHV-8) encodes cell cycle regulatory and signaling
proteins. A combination of nested PCR with several negative controls and Southern blot methods showed the presence of HHV-8
DNA in seven cases of IMT. Additionally, strong expression was demonstrated by in situ hybridization in many tumoral nuclei.
Most of the myofibroblasts in all of the cases were immunoreactive for human IL-6 and cyclin D1. These cytokines probably have
a paracrine action and may sustain myofibroblastic growth. HHV-8 could play an essential role in triggering IMT development by
a local reactivation of viral lytic replication. The relationship between HHV-8 and immunosuppression status as the only
associated cause for tumorigenesis should be revised. (Lab Invest 2000, 80:1121-1126).

nflammatory myofibroblastic tumor (IMT), also

known as inflammatory pseudotumor, is a “tumor
composed of differentiated myofibroblastic spindle
cells usually accompanied by numerous plasma cells
and/or lymphocytes” (Weiss, 1994). It was originally
described in the lung, but it now seems that extrapul-
monary IMT can occur in virtually any anatomic loca-
tion and at any age. There are many unanswered
questions about the pathogenesis of IMT as an exag-
gerated reactive process or a true neoplasm. The
frequent clinical findings of fever, night sweats, fa-
tigue, weight loss, and lymphadenopathy as well as
the laboratory findings of polyclonal hypergamma-
globulinemia and elevation in erythrocyte sedimenta-
tion rate suggest an infectious or autoimmune cause
(Arber et al, 1998). However, bacterial, fungal, or viral
organisms have only occasionally been detected
within IMT (Matsubara et al, 1988).
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A recently described gammaherpesvirus, Kaposi’s
sarcoma (KS) -associated herpesvirus (KSHV) or hu-
man herpesvirus-8 (HHV-8) has been detected in 95%
of KS from patients with or without AIDS (Chang et al,
1994; Gémez-Roman et al, 1999; Marchioli et al,
1996). This herpesvirus is unique in encoding a num-
ber of proteins mimicking cell cycle regulatory and
signaling proteins such as bcl-2, cyclin-D, interferon
regulatory factors, and IL-6 (Cesarman and Knowles,
1997). Such molecules have been involved in the
pathogenesis of KS, and IL-6 has a function in the
proliferation of AIDS-KS cells, keratinocytes, renal
mesangial cells, smooth muscle cells, and myoblasts
(Kishimoto et al, 1992). There is growing consensus
that HHV-8 is the infectious cofactor required for all
forms of KS (Lin et al, 1996), although it is not known
whether HHV-8 is a true transforming virus or if it only
has an enhancing role in tumorigenesis (Gallo, 1998).

Some reports have suggested that IL-6 may be in-
volved in the pathogenesis of IMT (Coffin et al, 1998b),
because of the frequent finding of increased serum IL-6
levels in these patients (Kishimoto et al, 1992). As far as
we know, there are no reports about the possible rela-
tionship between HHV-8 and IMT. This report describes
the presence of HHV-8 DNA sequences and cytokine
overexpression in seven cases of IMT.

Results

The seven IMT cases were comprised of five men and
two women with ages ranging from 19 to 79 years
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(average age: 49.6 years). Five cases were located in
the lung, one in one limb, and one in the retroperito-
neal lymph nodes. Two of the seven patients showed
systemic symptoms like fever or leucocytosis. Viral
serology was performed preoperatively in only one
patient, where no antibodies against Epstein-Barr vi-
rus, cytomegalovirus, or varicela zoster virus were
detected. We reviewed the clinical charts of all of the
cases and none of them showed a record of continu-
ous infections or immunosuppression.

All but one of the tumors were surgically removed.
That case (#6) was a 19-year-old male with a large
conglomerate mass formed by lymph nodes involving
retroperitoneum, both kidneys, and aortic branches.
This patient underwent a laparoscopy with biopsy
and, after the diagnosis was established, had a good
clinical response after treatment with steroids.

The six tumors resected were grossly large whitish
masses, with a whorled appearance, and a firm sur-
face on cut section. The borders frequently mingled
with adjacent non-neoplastic tissue. By light micros-
copy, they were composed of myofibroblastic spindle
cells immunoreactive for vimentin and a-smooth mus-
cle actin and negative for epithelial markers (cytoker-
atins and epithelial membrane antigen). In several of
these cases, numerous plasma cells and lymphocytes
were evident in some tumoral areas. Pleomorphisms,
necrosis, or atypical mitotic figures were not found.
Clinical follow-up for at least six months revealed no
evidence of relapses or deaths.

HHV-8 sequences were detected in paraffin-
embedded material by three repeats of nested PCR.
Nested PCR was performed in a blinded fashion, with
several positive and negative controls. Positive signals
were also observed in two AIDS-KS specimens and in
two pleural KS lesions without AIDS (positive con-
trols). Amplification was detected neither in non-
neoplastic skin samples from healthy individuals nor in
the HL-60 cell line (negative controls) (Fig. 1, panel
A1). Additionally, peripheral blood mononuclear cells
from ten healthy individuals, which were used as
negative controls, were negative for HHV-8 (data not
shown). Southern blot hybridization confirmed these
results (Fig. 1, panel A2). HHV-8 amplification was
confirmed using primer sets amplifying non-
overlapping regions of the KSHV major capsid gene,
as previously suggested (Moore et al, 1996b) (Fig. 1,
panels B and C) .

In situ hybridization (ISH) showed a strong HHV-8
expression in many nuclei of spindle-shaped cells in
the seven cases examined (Fig. 2A), indicating that the
results obtained by PCR and Southern blot were not
caused by non-neoplastic cells.

Immunostaining for human IL-6 revealed intense
immunoreactivity in most of the spindle myofibroblas-
tic cells as well as in endothelial cells and in the
lymphocytic population mingled with spindle cells
(Fig. 2, B and C). This pattern was present in all of the
seven cases. Human cyclin D1 showed variable nu-
clear reactivity in most of the myofibroblastic cells in
the seven cases (Fig. 2D).
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Figure 1.

Electrophoresis of the PCR products showing the expected 233-bp band from
the HHV-8 (panel A1), and the corresponding Southern blot with the internal
probe (panel A2). Confirmation with either primer Set 1 (213 bp) (panel B) or
Set 2 (115 bp) (panel C), which amplify non-overlapping regions of the HHV-8
hypothetical major capsid gene (see “Materials and Methods”). Note that the
C5 lane is not present in panel B. The C5 lane contains DNA from a pleural KS
biopsy; we could not obtain sufficient DNA from this sample. Lane M: marker
(123-bp leader); lanes C1 and C2: dermal KS lesions (positive controls); lane
C3: HL-60 cell line (negative control); lanes 1 to 7: inflammatory myofibro-
blastic tumors; lanes C4 and C5: pleural KS lesions (positive controls); lanes
C6 to C8: skin biopsies from healthy individuals (negative controls).

Discussion

IMT is composed of differentiated myofibroblastic
spindle cells accompanied by numerous plasma cells
and/or lymphocytes (Weiss, 1994). IMT are most fre-
quently found in the lung, but can occur at any age in
any anatomic location (Coffin et al, 1998b). The clinical
onset may be insidious or rapid, and is accompanied
by a constitutional syndrome of fever, weight loss, and
laboratory abnormalities in 15% to 30% of cases
(Coffin et al, 1998b). Two of our patients (28.6%)
showed this constitutional syndrome, which disap-
peared after surgical resection of the mass and steroid
treatment, as is reported in the literature. These clini-
cal and laboratory features suggest that cytokines
such as IL-6 may be involved in the pathogenesis of
IMT (Coffin et al, 1998b).

The main cellular component in IMT is the spindle
myofibroblastic cell. These are ubiquitous cells; when-
ever tissue injury occurs, indigenous fibroblasts trans-
form to myofibroblasts. This scenario is under the
control of several cytokines and growth factors (Coffin
et al, 1998a), and IL-6 is one of the most important
(Kishimoto et al, 1992). IMT, by itself, seems to be an
important source of IL-6. This could explain the high
amounts of IL-6 and IL-18 in both tissue and periph-
eral blood in a child with a plasma cell granuloma of
the lung (Rohrlich et al, 1995).

Some reports have identified infectious agents in
IMT, including bacterial, rickettsial, fungal, or viral
agents, but only in isolated cases (Matsubara et al,
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Figure 2.

A: In situ hybridization with HHV-8 probe. Strong expression in nuclei of myofibroblasts in IMT (original magnification, x<100). B and C: Immunoreactivity for human
IL-6. Intense immunoreactivity in most myofibroblastic cells as well as in endothelial cells and in the lymphocytic population (original magnification, %<100). D:
Immunoreactivity for human cyclin D1. Intense nuclear immunoreactivity (original magnification, x100).

1988). Whether such a purported infection causes the
IMT is uncertain. The role of a triggering agent, if any,
could be restricted to the early stages of the disease.
It might initiate a cascade of paracrine reactions in
which stromal cells and plasma cells stimulate each
other in a reciprocal exchange, after which the tumor
would become self-perpetuating. The production of
soluble mediators resulting from this cascade could
then induce the systemic manifestations of the dis-
ease (Matsubara et al, 1988).

HHV-8 has been detected in 95% of KS tumor
specimens from patients with AIDS (Chang et al, 1994;
Marchioli et al, 1996) as well as in immunosuppressed
patients without AIDS (Gomez-Roman et al, 1999).
HHV-8 has been also associated with body cavity
B-cell ymphoma, benign lymphoproliferative disease,
angiosarcoma of the face, angiolymphoid hyperplasia
with eosinophilia, multicentric Castleman’s disease
(Marchioli et al, 1996; Foreman et al, 1997), and
sarcoidosis (DiAlberti et al, 1997). There have also
been isolated cases of HHV-8 DNA sequences in
patients without immunosuppression or KS (Memar et
al, 1997; Trovato et al, 1999), although there is a
general agreement that HHV-8 pathogenic effects
are enhanced by immunosuppression. Interestingly,
HHV-8 was found in the interfollicular regions of
hyperplastic lymph nodes and in endothelial cells and
pneumocytes of the lung in nonimmunosuppressed
patients (Trovato et al, 1999). Both locations are

implicated in our cases of pulmonary and ganglionar
IMT.

Recently, the sequence of the long unique coding
region of HHV-8 was reported (Russo et al, 1996). This
virus was found to encode homologues to a variety of
cellular genes, such as viral cyclin D (Cesarman et al,
1998) and IL-6 (Moore et al, 1996a). This viral IL-6 has
been shown to be functional in proliferation assays
and is expressed in HHV-8-infected hematopoietic
and endothelial cells (Moore et al, 1996a). Viral IL-6
can also mediate signal transduction through the
human IL-6 receptor (Wan et al, 1999), and can start a
cascade of paracrine reactions involving human IL-6
and other inflammatory cytokines implicated in the
inhibition of cellular apoptosis (IL-6) and the transcrip-
tion of DNA synthesis genes (cyclin D). Although a
specific search for viral cyclin D and IL-6 was not
directly addressed in this report, clear immunoreactiv-
ity for both human cyclin D and IL-6 was demon-
strated with murine monoclonal antibodies. Although
a polyclonal rabbit antibody raised against viral IL-6
peptides does not cross-react with human IL-6 (Par-
ravicini et al, 1997), it is unknown whether antibodies
to human IL-6 cross-react with the homologous viral
product.

The exact oncogenic mechanism of HHV-8 is un-
known. Most of the cell cycle regulatory genes that are
responsible for tumorigenesis in other herpesviruses
are latency-associated genes (Ganem, 1997). What-
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ever the operational mechanism is in the pathogenesis
of the HHV-8-associated diseases, it could be ex-
plained by viral reactivation in latently infected cells
rather than by a primary lytic infection (Cesarman and
Knowles, 1997; Gilison and Ambinder, 1997). As with
other human herpesviruses, many factors like immu-
nosuppression, viral dose, genetics, viral coinfection,
and inflammatory cytokines might interact in the
pathogenesis, morphology, and biologic aggressivity
of diseases associated with HHV-8 (Chang et al,
2000). The lytic cycle of HHV-8 might directly contrib-
ute to initial tumor pathogenesis because most of the
HHV-8-encoded homologues of cellular cytokines
and anti-apoptotic factors are expressed during the
lytic cycle (Sun et al, 1999). Our findings, in a tumor
such as IMT, which is characterized by an autolimited
growth, viral particles in many tumoral cells, and an
overexpression of human cytokines with an important
inflammatory background, probably favor a localized
reactivation of HHV-8 lytic replication that would un-
dergo a self-perpetuating myofibroblastic neoplasia.

In summary, we report the presence of HHV-8 DNA
sequences in myofibroblastic cells in seven cases of
pulmonary and ganglionar IMT. This correlates with an
overexpression of human IL-6 and human cyclin D1 in
the IMT tissues. Human IL-6 originating in IMT may be
the factor responsible for systemic symptoms in some
cases of IMT. The present report does not show whether
HHV-8 behaves as a transforming virus, but it can be
hypothesized that HHV-8 plays an essential role in initial
IMT development. This first report of HHV-8 associated
with a non-lymphoid neoplastic growth in an immuno-
competent host indicates that the relationship between
HHV-8 and immunosuppression as the only associated
cause for tumorigenesis must be revised.

Materials and Methods
Case Reports and Tissue Samples

Seven cases of IMT from three different locations
(lung, soft tissue, and lymph nodes) were retrieved
from our files. All of them were reviewed in a blinded
fashion by two of the authors (EHN and JJGR) to
confirm the diagnosis of IMT. In our study, we in-
cluded only cases that showed the classic morpho-
logic and immunohistochemical picture previously de-
scribed (Weiss, 1994). The clinical records of the

patients were reviewed, personal data of interest
checked, and the patients were followed for at least
six months postoperative. The clinicopathologic char-
acteristics are presented in Table 1. Tissue samples
were obtained from surgical specimens. In all cases,
the material obtained was fixed in 10% buffered
formalin for 24 hours. Routine procedures were fol-
lowed for dehydration and subsequent embedding in
paraffin. Control negative samples for HHV-8 were
obtained from skin and peripheral blood of healthy
individuals. Control positive samples for HHV-8 were
obtained from skin and pleural KS specimens previ-
ously described (Gomez-Roman et al, 1999).

DNA Extraction

DNA was extracted by using the NucleoSpin C+T
(Macherey-Nagel Gmbh, Duren, Germany). DNA from
each specimen was obtained in a laboratory that was
physically isolated from the room where the PCR
analyses were performed. The PCR amplification was
repeated up to three times to assure the reproducibil-
ity of the results. Samples were analyzed in a blinded
fashion. Stringent laboratory conditions and appropri-
ate controls (see “Results” section) were used to avoid
cross-contamination and false-positive results. All
samples were tested for amplification using specific
primers for exon eight of the C1 inhibitor gene and for
the HLA-DQ locus (GH26/GH27).

PCR and Southern Blot Analysis

A nested-PCR detection of HHV-8 was performed as
previously described (Moore et al, 1996b). We used a
primer set amplifying a 571-bp fragment (sense and
antisense, respectively): KS4 (5'-AGCACTCGCA-
GGGCAGTACG-3') and KS5 (5'-GACTCTTCGCT-
GATGAACTGG-3'). The amplification of the external
region was carried out for 2 minutes at 94° C for initial
denaturation, 35 cycles at 94° C for 30 seconds, 60° C
for 30 seconds, 72° C for 45 seconds, and 72° C for 5
minutes as final extension. PCR product (1 to 3 ul) was
added to an inner PCR reaction mixture and amplified
for 25 additional cycles with the use of the primers
amplifying the 233-bp KS330,;; region of the se-
quence associated with HHV-8: KS1 (5'-AGCCGAAA-
GGATTCCACCAT-3’) and KS2 (5'-TCCGTGTTG-
TCTACGTCCAG-3'). Amplifications were performed in

Table 1. Clinicopathological Data from the Inflammatory Myofibroblastic Tumor Patients

Case Age/Sex Location Symptoms Treatment Follow—up
1 60/3 Lung (RUL) Chest pain Tumorectomy A&W (72)
2 39/9 Lung (RUL) Casual finding Lobectomy A&W (60)
3 26/3 Left limb Growing tumor Tumorectomy AW (48)
4 75/3 Lung (RLL) Dyspnea Lobectomy A&W (36)
5 49/2 Lung (LLL) Fever, cough and chest pain Lobectomy AW (24)
6 19/8 Lymph node Fever, abdominal pain, Lymph node A&W (6)

leucocytosis biopsy/Steroids
7 79/38 Lung (LUL) Cough and chest pain Pneumonectomy A&W (6)

A&W: Alive and well. Survival expressed in months (in parenthesis); RUL, right upper lobe; RLL, right lower lobe; LLL, left lower lobe; LUL, left upper lobe.
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a Perkin-Elmer 9600 Thermalcycler (Perkin-Elmer Ce-
tus, Norwalk, Connecticut). Amplification products
were analyzed for the presence or absence of the
expected 233-bp band on a 2% agarose gel contain-
ing ethidium bromide. Confirmation of HHV-8 amplifi-
cation was performed by using primer sets amplifying
non-overlapping regions of the HHV-8 major capsid
gene, as suggested (Moore et al, 1996a, 1996b).
Primary determination of sample positivity was made
with primers amplifying the KS330,,5 region and was
confirmed with two sets of primers directed against
non-overlapping regions of the HHV-8 hypothetical
major capsid gene with the same PCR conditions as
above: Set 1 (outer sense 5'-AGGCAACGTC-
AGATGTGAC-3’, outer antisense 5-GAAATTACC-
CACGAGATCGC-3’, inner sense 5'- CATGGG-
AGTACATTGTCAGGACCTC-3’, inner antisense 5’-
GGAATTATCTCGCAGGTTGCC-3’), which generates
a 213-bp PCR product; and Set 2 (outer sense 5'-
GGCGACATTCATCAACCTCAGG-3', outer antisense
5'-ATATCATCCTGTGCGTTCACGAC-3’, inner sense
5’-  CGCATGGAGGACCTAGTCAATAAC-3', inner
antisense 5'-GGTTGTAGTCATTCTCGTCCAGGG-3'),
which generates a 115-bp PCR product.

The amplified products were transferred onto nitro-
cellulose paper and subjected to Southern blot hybrid-
ization with a 25-bp internal probe end-labeled with
[82P]-deoxycytidine triphosphate, which represents
the HHV-8 sequence of bp 1078 to 1102, as described
previously (Chang et al, 1994).

ISH for HHV-8

For ISH studies, a 115-bp DNA fragment of the KSHV
ORF72 was amplified by PCR of DNA obtained from
biopsy of proven KS of the pleura (Gémez-Roman et
al, 1999). ORF72 encodes a putative protein of 257
amino acids that shows homology to ORF72 of her-
pesvirus saimiri encoding a cyclin D homolog and to
multiple mammalian cyclin D proteins (Cesarman et al,
1996). Probes were generated using primers P51 (5’
primer: 5'-CACCCTGAAACTCCAGGC-3') and P32 (3’
primer: 5'-GATCCGATCCTCACATAGCG-3'). The
PCR product was purified (CONCERT Rapid PCR
Purification System; Life Technologies, Barcelona,
Spain) and analyzed by electrophoresis on a 1%
agarose gel (data not shown). The purified PCR prod-
uct was biotinylated (BioPrime DNA Labeling System;
Life Technologies) following the manufacturer’s in-
structions. The biotinylated probe was purified by gel
filtration using Sephadex G50 columns (Amersham-
Pharmacia, Madrid, Spain). To determine the suitabil-
ity of the tissue sections, we used a commercial
biotinylated probe to total genomic DNA of cultured
human cells as a positive control (DAKO Corporation,
Carpinteria, California). A negative-control probe
(plasmid DNA) was prepared from the plasmid vector
PCR 2.1 (Invitrogen, San Diego, California). We also
used additional probes raised against sequences of
human papillomavirus as negative controls.

ISH was performed in 5-um thick histopathologic
sections. After deparaffination and rehydration through a

HHV-8 in Inflammatory Myofibroblastic Tumor

graded ethanol series, slides were immersed in 3%
hydrogen peroxide in methanol for 10 minutes to block
the endogenous peroxidase activity and washed with
distilled water. Proteinase K solution (10 ug/ml) was
applied to each section and slides were incubated
(87° C, 30 minutes) in a water bath humidity chamber.
After a further washing step, the KSHV-specific biotinyl-
ated probe (ORF72) was diluted to a concentration of 0.1
pg/ml in a solution containing: 10% v/v 20x SSC, 10%
v/v Denhardt’s solution, 2.5% salmon testes DNA (10
mg/ml), 50% v/v deionized formamide, 22.5% v/v
double-distilled water with 10% w/v dextran sulfate, and
5% v/v yeast tRNA (10 ng/ml). Fifty microliters of this
probe cocktail was applied to each slide, covered with a
glass coverslip, heated (95° C, 5 minutes) on a hotplate
to denature both probe and target sequence, and incu-
bated (37° C, 16 hours) in a humidified chamber to allow
specific hybridization. After hybridization, coverslips
were gently removed by soaking slides in 0.05 mol/I of
Tris-buffered saline (TBS), pH 7.4, followed by 0.2%
SDS. The slides were washed in TBS and rinsed in
TBS-Tween (20 wl of Tween per liter of TBS) for 5
minutes.

To detect the ISH signal, we used a nonisotopic,
colorimetric tyramide signal amplification system
(DAKO GenPoint; DAKO Corporation) according to the
manufacturer’s recommendations. Positive controls
consisted of skin biopsies from several patients with
cutaneous KS. Negative controls consisted of cultured
cells of an acute myelogenous leukemia (HL-60) that
did not contain virus, and skin biopsies from otherwise
healthy individuals. Counterstaining was performed
with Harris hematoxylin and interpreted in a blinded
fashion by two independent pathologists.

Immunohistochemistry

The mouse monoclonal antibodies used for immuno-
histochemistry were: IgG, anti-recombinant human
IL-6 (monoclonal, diluted 1:100; Genzyme, Cam-
bridge, Massachusetts); 19G,, anti-vimentin (O15-D,
prediluted; Biomeda, Foster City, California);
a-smooth muscle actin (1A4, diluted 1:50; DAKO,
Glostrup, Denmark); 1gG,, anti-human low molecular
weight cytokeratins (CAMS5.2, prediluted; Becton-
Dickinson, San Jose, California); IgG, anti-human high
molecular weight cytokeratins (348E12, diluted 1:40;
DAKO); and IgG, anti-human cyclin D1 (DCS-6, di-
luted 1:100; DAKO). Immunohistochemistry was per-
formed using formalin-fixed, paraffin-embedded tis-
sue sections. The IL-6 antibody was incubated
overnight at 4° C. Antigen retrieval was performed by
boiling sections in citric acid buffer in a pressure
cooker for 90 seconds for all antibodies, except for the
cyclin D1 antibody, for which 0.1 mm EDTA, pH 8.0,
buffer was used. The Dako EnVision + kit was used as
a visualization system according to the manufacturer’s
instructions, in a Techmate 500-220 automated im-
munostainer (Biotek, Santa Barbara, California) (Vy-
berg and Nielsen, 1998). Diaminobenzidine was used
as the chromogen.
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