
Proliferation in HHV-8-Positive Primary Effusion
Lymphomas Is Associated with Expression of HHV-8
Cyclin but Independent of p27kip1

Antonino Carbone,* Annunziata Gloghini,*
Daniela Bontempo,* Paolo Monini,†

Umberto Tirelli,‡ Rachele Volpe,*
Philip J. Browning,§ and Gianluca Gaidano¶

From the Divisions of Pathology * and Medical Oncology A,‡

Centro di Riferimento Oncologico, Istituto di Ricovero e Cura a

Carattere Scientifico, Istituto Nazionale Tumori, Aviano, Italy;

the Laboratory of Virology,† Istituto Superiore di Sanità, Roma,
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Primary effusion lymphoma (PEL) develops in immu-
nodeficient patients, selectively localizes to the se-
rous body cavities, and harbors infection by human
herpesvirus type-8 (HHV-8), also known as Kaposi’s
sarcoma-associated herpesvirus. HHV-8 encodes a vi-
ral (v)-cyclin homologous to cellular D-type cyclins, a
class of positive cell-cycle regulators that are physio-
logically modulated by the p27Kip1 cell cycle inhibi-
tor. The aims of the present study were: 1) to establish
the expression pattern of p27Kip1 in PEL; and 2) to
address the relationship between p27Kip1 expression,
proliferation index, and expression of cellular cyclin
D1 and v-cyclin in PEL. Expression of p27Kip1 was
detected in all (n 5 18) PEL samples analyzed by both
immunocytochemistry and Western blot. All PELs dis-
played a high proliferation index as assessed by Ki-67
staining. Expression of cellular cyclin D1 was absent
in all PELs tested, which conversely expressed (14 out
of 14 samples) v-cyclin by immunocytochemistry
and/or Western blot. In contrast to PELs, HHV-8-neg-
ative lymphomatous effusions secondary to a tissue-
based lymphoma generally failed to express p27Kip1.
Overall , these data show that PELs consistently ex-
press p27Kip1 protein despite the high proliferative
rate of the lymphoma clone, suggesting that p27Kip1

may be unable to drive cell-cycle arrest in PEL cells.
The co-existence of p27Kip1 expression and high pro-
liferative index is a selective feature of PEL among
lymphomas involving the serous body cavities, be-
cause lymphomatous effusions secondary to a tissue-
based lymphoma generally display the inverse rela-
tionship between p27Kip1 positivity and growth

fraction observed in normal lymphoid tissues and in
most other lymphomas. Expression of p27Kip1 in PEL
associates with expression of HHV-8 v-cyclin, but not
of cellular cyclin D1. The fact that HHV-8 v-cyclin is
resistant to p27Kip1-modulated inhibition, whereas
cellular cyclin D1 is sensitive, may explain, at least in
part, the co-existence of p27Kip1 expression and high
proliferative index observed in PEL. (Am J Pathol
2000, 156:1209–1215)

Primary effusion lymphoma (PEL) represents a unique
non-Hodgkin’s lymphoma (NHL) entity characterized by
consistent infection by human herpesvirus type-8 (HHV-
8), also known as Kaposi’s sarcoma-associated herpes-
virus. PEL preferentially develops in immunodeficient pa-
tients and selectively localizes to the serous body
cavities.1,2 The basic pathological feature of PEL is a net
predilection for diffuse spreading along the serous mem-
branes without infiltrative or destructive growth patterns.2

Although immunogenotypic studies have confirmed that
PEL belongs in all cases to the B-cell lineage, the over-
whelming majority of cases exhibit a non-B, non-T (ie,
indeterminate) phenotype, lacking expression of sur-
face immunoglobulins and common B-cell associated
antigens.1,2

The molecular pathogenesis of PEL is understood only
in part. Most genetic lesions commonly seen in mature
B-cell malignancies, eg, rearrangements of MYC, BCL-2,
and BCL-6 as well as mutations of p531 (see Reference 2
for a review), are not involved in PEL pathogenesis. Con-
versely, it is conceivable that HHV-8 plays a pathogenetic
role, because the virus encodes several genes which are
homologous to cellular loci implicated in B-cell growth
and survival3 (see review in Reference 4). One such gene
is represented by the HHV-8 viral- (v-)cyclin that displays
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highest sequence similarity to the cellular D-type cyc-
lins,4 a group of positive cell-cycle regulators that favor
G1 progression. Although the precise function of v-cyclin
is not fully known, it is conceivable that it shares several
properties with cellular D-type cyclins. The expression of
HHV-8 v-cyclin in latently infected PEL cells5 suggests a
possible role of this molecule in growth control of the
lymphoma.

The cellular D-type cyclins contribute to cell cycle
control by forming complexes with catalytic subunits
termed cyclin-dependent kinases (CDK).6,7 The activa-
tion of the CDK/cyclin complex is controlled by CDK
inhibitors, which regulate cell cycle.7 A major inhibitor of
the CDK/cyclins complex is represented by p27Kip1, a
nuclear phosphoprotein belonging to the Kip family of
CDK inhibitors.8–12 In physiological conditions, expres-
sion of p27Kip1 is highest in quiescent cells and declines
as cells reenter the cell cycle. In lymphoid tissues,
p27Kip1 is expressed in nonproliferating lymphocytes,
whereas activated lymphocytes, eg, germinal center
cells, score consistently negative for p27Kip1 expres-
sion.13 The inverse relationship between p27Kip1 expres-
sion and proliferation physiologically observed in normal
lymphoid tissues is also encountered in most subtypes of
NHL.13–15

The aims of the present study were: 1) to establish the
expression pattern of p27Kip1 in PELs; and 2) to address
the relationship between p27Kip1 expression, proliferation
index, and expression of cellular cyclin D1 and v-cyclin of
the lymphoma. We report that PELs consistently express
p27Kip1 protein despite the high proliferative rate of the
lymphoma clone, suggesting that p27Kip1 may be unable
to drive cell-cycle arrest in PEL cells. Expression of
p27Kip1 in PEL associates with expression of HHV-8 v-
cyclin, but not of cellular cyclin D1, suggesting implica-
tions for PEL pathogenesis and growth. The co-existence
of p27Kip1 expression and high proliferative index is a
selective feature of PEL among lymphomas involving the
serous body cavities, because secondary lymphomatous
effusions generally display the inverse relationship be-
tween p27Kip1 positivity and growth fraction observed in
most other types of NHL.

Materials and Methods

Tumor Panel

The present study was based on 18 samples of PEL and,
for comparative purposes, 10 samples of HHV-8-nega-
tive lymphomatous effusions secondary to systemic B-
cell NHL.

Samples of PEL included nine clinical tumor samples
and nine cell lines. Clinical samples were collected under
sterile conditions during routine diagnostic procedures at
diagnosis; after centrifugation, the effusion sediments
were used to prepare cytospins and cell blocks. For
morphological study, cytospins were routinely fixed and
stained by the Papanicolaou method. For cell-block prep-
aration, cell pellets were Bouin- or formalin-fixed and
treated according to a standard regimen used at the

Division of Pathology at Centro di Riferimento Onco-
logico. The sectioned material from cell blocks was
stained with hematoxylin and eosin. In all cases the cy-
tospins and cell blocks prepared from fluid samples
showed a tumor cell population $95% as evaluated by
morphological and immunophenotypic analysis. Clinical
tumor samples were classified as PELs based on HHV-8
infection of the tumor clone, and on specific morpholog-
ical, immunophenotypic, and molecular features, accord-
ing to previously reported criteria.1,2 Tumor cells usually
exhibited an indeterminate (non-B, non-T) phenotype (8
out of 9), lacked expression of surface immunoglobulins
and common B-cell associated antigens, were devoid of
rearrangements of the c-MYC gene, and clinically dis-
played exclusive or predominant involvement of the se-
rous body cavities. Tumor cells from six PEL clinical
samples carried Epstein-Barr virus (EBV) infection,
whereas tumor cells from the remaining cases were EBV-
negative. All, but one, PEL clinical samples were ob-
tained from patients infected with the human immunode-
ficiency virus (HIV); the remaining sample was derived
from an HIV-negative individual.

The PEL cell lines included in this study were HBL-6,
BC-1, BC-2, CRO-AP/2, CRO-AP/3, CRO-AP/5, BCBL-1,
BC-3, and BCP-1.16–22 The detailed characterization of
these cell lines has been reported previously16–22 (see
review in Ref. 23). BCBL-1 was obtained through the
AIDS Research and Reference Reagent Program, Divi-
sion of AIDS, National Institute of Allergy and Infectious
Diseases, National Institutes of Health. Five PEL cell lines
(HBL-6, BC-1, BC-2, CRO-AP/2, and CRO-AP/5) carry
EBV infection, whereas four PEL cell lines (BC-3, CRO-
AP/3, BCBL-1, and BCP-1) are EBV-negative. All but two
(BC-3 and BCP-1) PEL cell lines were derived from HIV-
infected patients; BC-3 and BCP-1 were derived from
HIV-negative individuals. All cell lines were cultured in
RPMI 1640 (Life Technologies, Inc., Paisley, Scotland),
supplemented with 10% heat-inactivated fetal bovine se-
rum (Life Technologies, Inc.), 2 mmol/L L-glutamine (Life
Technologies, Inc.), 100 U/ml penicillin, and 100 mg/ml
streptomycin (Irvine Scientific, Santa Ana, CA) at 37°C in
the presence of 5% CO2.

Secondary lymphomatous effusions, which were in-
cluded in the study for comparative purposes, were col-
lected and subjected to diagnostic procedures as de-
scribed above. All secondary lymphomatous effusions
scored negative for HHV-8 sequences, expressed B-cell
markers and were assigned to the B-cell lineage. Clini-
cally, all these effusions were documented at diagnosis.
They were consistently associated with solid lymphomatous
masses and were considered to be secondary to a tissue-
based lymphoma (eight diffuse large B-cell lymphomas
–B-DLCL - and two Burkitt’s lymphomas -BL). Tumor cells
from two secondary lymphomatous effusions carried EBV
infection, whereas tumor cells from the remaining cases
were EBV-negative. All cases were included in a previous
study.24 Three samples of secondary lymphomatous effu-
sions were derived from HIV-infected individuals and seven
were derived from HIV-negative individuals.
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Immunocytochemistry

All cases had been immunophenotyped as previously
described.20,22–24 Immunostaining was performed by us-
ing the avidin biotin peroxidase complex (ABC) method25

or by the alkaline phosphatase–anti-alkaline phospha-
tase method.26

The expression of p27Kip1 was investigated with the
monoclonal antibody (mAb) Kip-1 (Transduction Labora-
tories, Lexington, KY). The proliferation index was as-
sessed using the MIB-1 mAb (Immunotech, Marseille,
France) directed against the Ki-67 nuclear proliferation
antigen. Cellular cyclin D1 was assessed by using mAb
AM29 (Zymed Laboratories, San Francisco, CA). All
these antigens were tested on paraffin-embedded sec-
tions from cell blocks with a previous step of antigen
retrieval. For p27Kip1 assessment, sections were treated
twice in a microwave oven for 5 minutes in citrate buffer
(pH 6); for Ki-67, sections were first treated with trypsin
(Sigma Chemical Co., St. Louis, MO) (0.33 mg/ml) for 1
minute and then twice for 5 minutes in citrate buffer (pH
6) in a microwave oven at 650 W; for cellular cyclin D1,
Bouin-fixed sections were treated with trypsin (Sigma
Chemical Co.) (0.2 mg/ml) for 5 minutes whereas forma-
lin-fixed sections were treated for 30 minutes in citrate
buffer (pH 7) in a microwave oven at 250 W.

Immunocytochemical staining for p27Kip1and Ki-67
was performed by using the ABC method25 (ABC-Elite
kit, Vector, Burlingame, California), whereas immunocy-
tochemical staining for cellular cyclin D1 was performed
on an automated immunostainer (Ventana Medical Sys-
tems, Inc, Tucson, AZ) according to a modified version of
the company’s protocols. Positive controls for p27Kip1,
Ki-67 and cellular cyclin D1 were used to confirm the
adequacy of the staining.

For comparative purposes cyclin D3 was tested on
cytospin preparations from all PEL cell lines. Cyclin D3
was detected with the mAb DCS-22 (NeoMarkers, Inc.,
Fremont, California) and the ABC method.25

HHV-8 v-cyclin was assessed in cytospin preparations
using sheep polyclonal v-cyclin-specific antibodies
(Bionostics Inc., Toronto, Canada). Cytospins were fixed
in acetone-chloroform (1:1) solution for 5 minutes and
stored at 280°C until use. Slides were then brought to
room temperature; fixed in acetone for 5 minutes at room
temperature; air dried; fixed in buffered 10% formalin for
10 minutes at room temperature; rinsed in PBS, pH 7.4;
fixed in cold methanol at 220°C for 10 minutes; and then
incubated overnight at 4°C with sheep anti-HHV-8 cyclin.
After washing, cytospins were incubated with rabbit anti-
sheep IgG (Jackson ImmunoResearch Laboratories, Inc.,
West Grove, PA) and then immunostained by using the
ABC method25 (ABC-Elite kit, Vector).

The percentage of cells showing positive nuclear stain-
ing for the different antigens was assessed in each case.

Western Blot Analysis

Cells were washed twice in ice-cold phosphate-buffered
saline (PBS, pH 7.4), and lysed on ice for 30 minutes in a

buffer containing 10 mmol/L Tris-HCl, pH 8.0; 1% Triton
X-100; 150 mmol/L NaCl; 1.0 mmol/L EDTA; 1.0 mmol/L
phenylmethylsulfonyl fluoride; and 10% glycerol. After
centrifugation for 10 minutes at 13,000 rpm, the super-
natant was collected and samples were diluted in Lae-
mmli sample buffer containing final concentrations of 125
mmol/L Tris-HCl (pH 6.8), 2% sodium dodecyl sulfate,
10% glycerol, 5% 2-mercaptoethanol, and 0.001% brom-
phenol blue. Furthermore, total cell lysates were also
prepared by direct lysis of cell pellets with Laemmli sam-
ple buffer. After boiling for 5 minutes, total cell lysates
and/or protein extracts were subjected to 12% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis un-
der reducing conditions and transferred to nitrocellulose
filters (Sartorius, Göttingen, Germany) which were then
blocked by incubation with 5% non-fat dried milk dis-
solved in Tris-buffered saline–Tween (50 mmol/L Tris-
HCl, 150 mmol/L NaCl, pH 7.5, 0.1% Tween-20) for 2
hours under shaking. Membranes were then incubated
overnight at room temperature with p27Kip1 or cellular
cyclin D1 antibodies or at 4°C with v-cyclin antibodies.
After washing in Tris-buffered saline–Tween, filters were
incubated with the appropriate secondary antibody, ie,
peroxidase-conjugated goat anti-mouse immunoglobulin
(Dako EnVision; Dako Corporation, Carpinteria, CA) or
peroxidase-conjugated rabbit anti-sheep IgG (Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA) for
1 hour at room temperature and then developed using
the enhanced chemiluminescence system (ECL; Amer-
sham Pharmacia Biotech), following the manufacturer’s
instructions.

Results

Immunocytochemical Evaluation of p27Kip1 and
Ki-67 Expression in PEL

A total of 18 cases of PEL were immunostained for
p27Kip1 and Ki-67. The results are summarized in Table 1.
Eighteen out of 18 cases (100%) showed expression of
p27Kip1 (Table 1, Figure 1). The cases consistently
showed nuclear p27Kip1 staining of moderate-to-strong
intensity in a large number of tumor cells (median, 55%;
range, 30% to 90%). p27Kip1 expression in PELs oc-
curred regardless of the generally high proliferative index
of the neoplastic population, as assessed with the prolif-
eration marker Ki-67 (median, 90%; range, 60% to 100%)
(Table 1, Figure 1).

Immunocytochemical Evaluation of Cellular
Cyclin D1 and HHV-8 v-Cyclin in PEL

All 18 cases of PEL were immunostained for cellular
cyclin D1, whereas immunostaining for HHV-8 v-cyclin
was performed in 14 PEL samples for which cytospin
preparations were available.

Cellular cyclin D1 scored consistently negative in all
PEL samples investigated. In contrast, cyclin D3 scored
positive in all PEL cell lines. Nuclear staining for cyclin D3
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was observed in a large number of tumor cells (median,
70%; range, 20% to 90%). The intensity of staining was
moderate to strong among the cells. HHV-8 v-cyclin was
found to be expressed in 10 out of 14 samples of PEL
(five clinical samples and five cell lines) (Figure 2). Nu-
clear staining for HHV-8 v-cyclin was detected in a large
number of tumor cells (median, 80%; range, 60% to
90%); the intensity of the staining was moderate to weak
among the cells.

Western Blot Analysis of p27Kip1, Cellular Cyclin
D1, and HHV-8 v-Cyclin in PEL Cell Lines

Western blot analysis of p27Kip1, cellular cyclin D1, and
HHV-8 v-cyclin was performed in the PEL cell lines (Table
1). All PEL cell lines investigated by this technique scored
positive for the presence of p27Kip1 (Table 1 and Figure
3). Conversely, cellular cyclin D1 was not detected in any
of the samples tested (Table 1). Nine out of nine PEL cell
lines expressed HHV-8 v-cyclin (Table 1 and see Figure
3 for representative results). The signal intensity of HHV-8
v-cyclin was variable among different PEL cell lines, and
was higher in BC-1, BC-2, BC-3, BCP-1, and BCBL-1,
whereas was weaker in the remaining four cell lines.

Immunocytochemical Evaluation of p27Kip1, Ki-
67, and Cellular Cyclin D1 Expression in HHV-8-
Negative Secondary Lymphomatous Effusions

A total of ten cases of HHV-8-negative secondary lym-
phomatous effusions were immunostained for p27Kip1,
Ki-67, and cellular cyclin D1. The results are summarized
in Table 1. Overall, secondary lymphomatous effusions
displayed an inverse correlation between the percentage
of tumor cells expressing p27Kip1 and that of tumor cells
expressing the proliferation marker Ki-67 (Table 1). In all
cases, reactive small lymphocytes admixed with the tu-
mor cells exhibited strong nuclear positivity for p27Kip1.
Cellular cyclin D1 expression was completely negative in
all 10 cases tested (Table 1).

Discussion

In this study we analyzed a relatively large panel of PEL
clinical samples and cell lines for the expression status of
p27Kip1 as well as for the relationship between p27Kip1

positivity, the lymphoma proliferation index and the ex-
pression of cellular cyclin D1 and HHV-8 v-cyclin. We
report that PELs consistently show expression of p27Kip1

Table 1. Expression of p27Kip1, Ki-67, HHV-8 v-Cyclin, and Cellular Cyclin D1 in HHV-8 Positive Primary Effusion Lymphomas
(PELs) and HHV-8 Negative Secondary Lymphomatous Effusions (SLE)

Cell line/case no. Diagnosis

p27Kip1 Ki-67 HHV-8 v-cyclin Cellular cyclin D1

ICC* WB† ICC* ICC* WB† ICC† WB†

CRO-AP/2 PEL 30 1 90 0 1 2 2
CRO-AP/3 PEL 60 1 95 60 1 2 2
CRO-AP/5 PEL 40 1 80 0 1 2 2
HBL-6 PEL 60 1 90 0 1 2 2
BC-1 PEL 30 1 100 60 1 2 2
BC-2 PEL 35 1 90 70 1 2 2
BC-3 PEL 35 1 90 80 1 2 2
BCBL-1 PEL 60 1 90 0 1 2 2
BCP-1 PEL 50 1 90 60 1 2 2
1 PEL 90 ND 90 ND ND 2 ND
2 PEL 80 ND 80 90 ND 2 ND
3 PEL 80 ND 60 80 ND 2 ND
4 PEL 60 ND 90 90 ND 2 ND
5 PEL 90 ND 90 90 ND 2 ND
6 PEL 40 ND 60 90 ND 2 ND
7 PEL 80 ND 90 ND ND 2 ND
8 PEL 30 ND 90 ND ND 2 ND
9 PEL 40 ND 60 ND ND 2 ND

10 SLE/Burkitt 1 ND 80 ND ND 2 ND
11 SLE/B-DLCL 1 ND 30 ND ND 2 ND
12 SLE/B-DLCL 1 ND 90 ND ND 2 ND
13 SLE/Burkitt 0 ND 90 ND ND 2 ND
14 SLE/B-DLCL 10 ND 90 ND ND 2 ND
15 SLE/B-DLCL 0 ND 10 ND ND 2 ND
16 SLE/B-DLCL 90 ND 1 ND ND 2 ND
17 SLE/B-DLCL 0 ND 90 ND ND 2 ND
18 SLE/B-DLCL 0 ND 0 ND ND 2 ND
19 SLE/B-DLCL 30 ND 50 ND ND 2 ND

ICC, immunocytochemistry; WB, Western blot; PEL, primary effusion lymphoma; B-DLCL, B-lineage diffuse large cell lymphoma; ND, not done. All
but two (BC-3 and BCP-1) PEL cell lines were derived from HIV-1 seropositive patients; cases 1 to 8 and cases 10 to 12 were from HIV-1 seropositive
patients.

* Percentage of positive tumor cells. †1, positive; 2, negative.

1212 Carbone et al
AJP April 2000, Vol. 156, No. 4



despite a high proliferation rate, thus suggesting a failure
of p27Kip1 to inhibit the cell cycle. The abrogation of the
inverse relationship between p27Kip1 expression and pro-
liferation in PELs is associated with tumor cell expression
of HHV-8 v-cyclin, whereas cellular cyclin D1 is absent in
this lymphoma. The co-existence of p27Kip1 expression
and high proliferative index is a selective feature of PEL
among lymphomas involving the serous body cavities.

Our results unequivocally define that PEL is character-
ized by the co-existence of p27Kip1 overexpression and
high proliferation index, as detected by the Ki-67 nuclear
antigen. The consistent association between p27Kip1

overexpression and high proliferation index may be con-
sidered a peculiarity of PEL and is otherwise exceptional
in other lymphoid tissues. In fact, consistent with the role
of p27Kip1 as a negative regulator of cell cycle progres-
sion, reactive lymphoid tissues and most tissue-based
B-cell NHL analyzed to date, with the exception of a small
subset of B-DLCL and BL cases,13,27 display an inverse
relation between p27Kip1 expression and growth fraction
measured by Ki-67 staining.13–15 Co-expression of
p27Kip1 and Ki-67 is a selective feature of PEL also when
considering lymphomas involving the serous body cavi-
ties, because HHV-8-negative secondary lymphomatous
effusions generally show very weak p27Kip1 expression
and high proliferative rate.

The precise mechanism for the co-existence of p27Kip1

expression and high proliferation index in PEL is not

formally clarified. However, a potential explanation may
lie in differences in the biochemical properties of HHV-8
v-cyclin as opposed to cellular D-type cyclins. In fact, the
interaction between HHV-8 v-cyclin and p27Kip1 in PEL
seems to differ in some respects from that observed
between cellular D-type cyclins and p27Kip1 in other B-
cell lymphomas.15,27 Experimental studies indicate that
the HHV-8 v-cyclin forms complexes with CDK28,29 which
are able to exert functional activity on downstream tar-
gets also shared by CDK/cyclin D complexes.28,30 Unlike
CDK/cyclin D complexes, however, CDK/v-cyclin activity
is resistant to inhibition by CDK inhibitors, including
p27Kip1.31 Overall, these observations suggest a model in
which PEL cells express high levels of p27Kip1which,
however, is unable to inactivate HHV-8 v-cyclin and,
therefore, is unable to exert its physiological function of
negative regulator of cell cycle progression.

The model of p27Kip1/cyclin interactions proposed for
PEL differs significantly from that of other B-cell NHL in
which cyclin D plays a major pathogenetic role.15,27 In
mantle cell lymphoma, the t(11;14) translocation leads to
overexpression of cyclin D1, which in turn sequesters
p27Kip1, thus causing its functional inactivation.15,32 Con-
versely, PEL escape from p27Kip1 mediated control
through substitution of the p27Kip1 physiological target
cyclin D with the HHV-8 encoded v-cyclin that is resistant
to p27Kip1 activity.31 The differences in p27Kip1/cyclin
interactions may also explain the different expression

Figure 1. p27Kip1 and Ki-67 expression in PEL cells. In a case of PEL (case 3) p27Kip1 is expressed by a
large number of tumor cells (A), despite their high proliferation rate, as revealed by Ki-67 expression (B).
In the BCP-1 PEL cell line, p27Kip1 (C) and Ki-67 (D) positively-stained tumor cells are numerous. Sections
from cell blocks, avidin-biotin-peroxidase complex immunostaining, hematoxylin counterstain, 3250.

Figure 2. HHV-8 v-cyclin expression in PEL cells.
HHV-8 v-cyclin is expressed by the majority of
tumor cells in a case of PEL (case 4) (A) and in the
BC-3 PEL cell line (B). Cytospin preparations, avi-
din-biotin-peroxidase complex immunostaining,
hematoxylin counterstain, 3250.
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pattern of p27Kip1 in PEL as opposed to mantle cell
lymphoma. In fact, the p27Kip1 protein is immunologically
undetectable when bound to cyclin D1,15,32 thus explain-
ing the abrogation of its expression in mantle cell lym-
phoma but not in PEL.

Several issues remain to be clarified with respect to the
interactions between p27Kip1 and HHV-8 v-cyclin. For
example, in PEL cell lines, the CDK/v-cyclin complexes
phosphorylate p27Kip1 on a C-terminal threonine that is
implicated in destabilization of this CDK inhibitor.33 Be-
cause our results show that p27Kip1 is expressed at high
levels in PEL cells in vivo, future studies need to address
the detailed balance between p27Kip1 production and
degradation in HHV-8-positive lymphomas, resulting in
p27Kip1 overexpression despite destabilization of the
molecule.
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luendas R, Sánchez-Verde L, Garcı́a JF, Piris MA: Anomalous high
p27/KIP1 expression in a subset of aggressive B-cell lymphomas is
associated with cyclin D3 overexpression. p27/KIP1-cyclin D3 colo-
calization in tumor cells. Blood 1999, 94:765–772

28. Godden-Kent D, Talbot SJ, Boshoff C, Chang Y, Moore P, Weiss RA,
Mittnacht S: The cyclin encoded by Kaposi’s sarcoma associated
herpesvirus (KSHV) stimulates cdk6 to phosphorilate the retinoblas-
toma protein and histone H1. J Virol 1997, 71:4193–4198

29. Li M, Lee H, Yoon DW, Albrecht JC, Fleckenstein B, Neipel F, Jung

JU: Kaposi’s sarcoma-associated herpesvirus encodes a functional
cyclin. J Virol 1997, 1991, 71:1984

30. Chang Y, Moore PS, Talbot SJ, Boshoff C, Zarkowska T, Godden-
Kent D, Paterson H, Weiss RA, Mittnacht S: Cyclin encoded by KS
herpesvirus. Nature 1996, 382:410

31. Swanton C, Mann DJ, Fleckenstein B, Neipel F, Peters G, Jones N:
Herpes viral cyclin/cdk6 complexes evade inhibition by CDK inhibitor
proteins. Nature 1997, 390:184–187

32. Quintanilla-Martinez L, Davies-Hill T, Sorbara L, Jaffe ES, Raffeld M:
Loss of detectable p27 protein expression in mantle cell lymphomas
(MCL) is a result of its sequestration by cyclin D1: implication for
pathogenesis. Blood 1999, 92(suppl 1):314a

33. Ellis M, Chew YP, Fallis L, Freddersdorf S, Boshoff C, Weiss RA, Lu X,
Mittnacht S: Degradation of p27Kip1 cdk inhibitor triggered by Kapo-
si’s sarcoma virus cyclin-cdk6 complex. EMBO J 1999, 18:644–653

p27Kip1 Expression in Primary Effusion Lymphoma 1215
AJP April 2000, Vol. 156, No. 4


