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p27%*! is a cyclin-dependent kinase inhibitor that
regulates the decision to enter S phase or withdraw
from the cell cycle. In resting cells, the level of
p27%"*' provides an inhibitory threshold above
which G1 cyclin D/E/cyclin-dependent kinases accu-
mulate before activation; however, in cycling cells,
p27%*! protein is sequestered by high levels of active
cyclin D/cyclin-dependent kinase 4 complexes. As a
group, the cyclin-dependent kinase inhibitors have
been proposed to act as tumor suppressor genes, and
several members have been implicated in the patho-
genesis of a variety of human cancers. We examined
p27%P! expression in 116 non-Hodgkin’s lymphomas
including 50 cases of MCL (40 typical and 10 blastic
variants), 21 follicular lymphomas, 20 diffuse large
B-cell lymphomas, 16 chronic lymphocytic leuke-
mias, 8 marginal zone B-cell lymphomas, and 1
splenic marginal zone lymphoma, and correlated its
expression with that of the proliferation marker Ki67
(MiB1) and with p53. p27“?’ gene structure was an-
alyzed by Southern blot in the group of MCLs. In all
cases of non-Hodgkin’s lymphoma other than MCL,
p27%P! expression was inversely related to the pro-
liferation index as measured by Ki67. In contrast, in
typical MCL, p27'?! expression was negative in 35 of
40 (88%) cases, irrespective of the proliferative rate
(median 15%; range 2 to 90%). Paradoxically, in the
blastic variant of MCL, 8 of 10 (80%) cases showed
expression of p27¥P'  despite a high proliferation
rate (median 60%; range 32 to 100%). However, the
staining in most of the cases was less intense than in
the reactive T lymphocytes. Deletions of p27<?’ gene
were not found in any of the 25 cases examined. p53
expression was found in 15 of 50 cases of MCL: 7 of 10
(70%) in the blastic variant and 8 of 40 (20%) in the
typical MCL (70% vs. 20%, P < 0.0045). These results
demonstrate that MCLs, in contrast to other non-
Hodgkin’s lymphomas and normal lymphoid tissue,
fail to correlate p27'P* expression with the prolifer-

ation rate. This peculiar uncoupling of p27**** pro-
tein expression from the proliferation rate may be
related to the high levels of cyclin D1 expressed in
MCL and is likely to have profound effects on cell
cycle regulation and contribute to the pathogenesis of
MCL. (Am J Pathol 1998, 153:175-182)

The cell cycle is regulated by a family of cyclin-depen-
dent kinases (CDKs) and their regulatory subunit cyclins.
These CDK/cyclin complexes are activated and inacti-
vated at specific time points during the cell cycle in
response to internal and external demands.” The kinase
activity of CDKs can be inhibited by a group of CDK
inhibitors that bind to cyclin-CDK complexes and block
progression through the cell cycle.? Two major classes of
CDK inhibitors have been identified. p15™K1°, p16'NK4a)
and p18™N<4c gpecifically inhibit CDK4 and CDK®,
whereas p21Waf! p27<P1 and p57K*2 can bind to and
inhibit a broad range of CDK-cyclin complexes.

p27KP1 is a protein of 198 amino acids, the function of
which is crucial both for progression from G1 into S
phase and for exit from the cell cycle.® p27XP! is present
in large amounts in quiescent cells, and the level declines
when cells proliferate in response to mitogenic signals.®
Recent studies suggest that p27¢<*" mediates G1 arrest
induced by transforming growth factor B, rapamycin,
cAMP, contact inhibition, and serum deprivation.®>” The
development of multiple organ hyperplasia and pituitary
tumors in p27XP* knockout mice suggests that the loss of
p27XPT disturbs the balance between cell cycle activa-
tors and inhibitors and leads to an alteration in the bal-
ance between proliferating and nonproliferating cells, un-
derscoring the important role of p27P" as a negative cell
cycle regulator.®>871° p27KP1 regulates progression from
G1 into S phase by binding and inhibiting the cyclin
E/CDK2 complex, the activity of which is required for
entry into S phase.""'? Regulation of p27XP' protein
occurs primarily through posttranscriptional mecha-
nisms. In addition to ubiquitination, which leads to the
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degradation of p27"P" protein, p27<P" is regulated at the
translational level and by noncovalent sequestration me-
diated by cyclin D1, which prevents inhibition of the
cyclin E-CDK2 complex.37:12-15

As a CDK inhibitor, p27°" has been considered a
potential candidate tumor suppressor gene. However, in
contrast to p53 and p16'™*@ no homozygous deletions
and only rare mutations of the p27<%" gene have been
found in cell lines or in human tumors.'®~"® Although
genetic abnormalities of p27°%" have not been detected,
recent reports have shown that reduced expression of
p27P1 protein correlates with poor survival in breast and
colorectal carcinoma patients.?°=2° For this reason we
wished to study its range of expression in lymphoid tis-
sues and lymphomas. We paid particular regard to man-
tle cell lymphoma (MCL) because of its deregulation of
cyclin D1, a critical G1 cyclin that interacts normally with
p27P1 In addition, the correlation of p27<P expression
with the proliferation marker Ki67 and the expression of
p53 was analyzed.

Materials and Methods

Tissue Samples

Formalin- or B5-fixed and paraffin-embedded biopsies
from 106 non-Hodgkin’s lymphomas (NHLs) were se-
lected from the files of the Hematopathology Section,
Laboratory of Pathology, National Cancer Institute, Na-
tional Institutes of Health, and 10 cases from the files of
the Pathology Department of the Hospital Clinic of Bar-
celona. Some of these cases have been the subject of
previous studies.®* 2% All cases were classified accord-
ing to the revised European-American lymphoma classi-
fication.?” The cases in this study included 50 cases of
MCL, of which 40 cases were classified as typical MCL,
and 10 cases were classified as aggressive or blastic
variants of MCL,2873° 21 cases of follicle center cell lym-
phoma, 20 cases of diffuse large B-cell lymphoma
(DLBCL), 16 cases of chronic lymphocytic leukemia
(CLL), 8 cases of marginal zone B-cell ymphoma, and 1
case of splenic marginal zone lymphoma. In addition,
different samples of reactive lymphoid tissue including
tonsils (5 cases) and lymph nodes (3 cases) were ana-
lyzed.

Immunohistochemistry

All cases had been previously immunophenotyped in
paraffin sections with the following monoclonal antibod-
ies: CD5 (clone 4C7; Novocastra, Newcastle, UK; dilution
1:50), CD20 (DAKO, Carpinteria, CA; dilution 1:200),
CD43 (Leu 22; Becton Dickinson, Mountain View, CA;
dilution 1:50), CD23 (Novocastra; dilution 1:40), and cy-
clin D1 (clone P2D11F11; Novocastra; dilution 1:10) and
with the following polyclonal antibodies: CD3 (DAKO;
dilution 1:100) IgM (DAKO; dilution 1:800), IgD (DAKO;
dilution 1:800), Kappa (DAKO; 1:28,000), and Lambda
(DAKO: 1:30,000). The expression of p27<P! was inves-
tigated on paraffin-embedded tissue sections with the

monoclonal antibody Kip-1 (Transduction Laboratories,
Lexington, KY; dilution 1:1,000), as well as p53 with the
monoclonal antibody DO7 against the wild-type/mutant
p53 (DAKO; dilution 1:50) and the MIB-1 antibody
against the Ki67 nuclear proliferation antigen (Immuno-
tech, Westbrook, ME; dilution 1:10). All immunohisto-
chemical analyses were reviewed by LQ-M and MR.

Immunohistochemical staining was performed on an
automated immunostainer (Ventana Medical Systems,
Inc., Tucson, AZ) according to the company’s protocols,
with slight modifications. Briefly, 5 wm thick paraffin sec-
tions were mounted on Fisherbrand/plus Superfrost Pre-
cleaned slides (Fisher Scientific, Pittsburgh, PA) and
attached by overnight heating at 58°C. After deparaf-
finization and rehydration the slides were placed in a
microwave pressure cooker in 0.01 mol/L citrate buffer
(pH 6.0) containing 0.1% Tween 20 and heated in a
microwave oven at maximum power (800 W) for 40 min-
utes. Sections for p27KP" staining were left in the hot
buffer for 30 minutes. All other sections were immediately
cooled in Tris-buffered saline. Thereafter, all sections
were washed in Tris-buffered saline (pH 7.6) containing
5% fetal calf serum (Life Technologies, Inc., Grand Is-
land, NY) for 30 minutes. p27X*' cyclin D1, and CD5
were incubated overnight at room temperature. The rest
of the procedure (secondary antibody, avidin-biotin com-
plex (ABC), color development, and counterstain) was
performed on the Ventana immunostainer.

Positive controls for p53, p27<P1, Ki67, and cyclin D1
were used to confirm the adequacy of the staining. The
staining quality of cyclin D1 was considered evaluable
when epithelial cells and histiocytes exhibited character-
istic weak nuclear positivity. Tissues were scored as p53
positive if equal or greater than 20% of the tumor cells
had nuclear staining and as p53 negative if less than 20%
stained. To compare p27XP' staining between tissue
samples, T cells were used as internal controls. The
percentage of cells showing positive nuclear staining
was assessed for p53, Ki67, and p27¥"P" in each case. A
grid ocular objective was used to count 400 cells over
three high-power fields (x40), and the percentage of
positive cells was reported as 0 to 100%.

Double staining for p27KP" and L26 or CD3 was per-
formed using two different detection systems. The pri-
mary antibody, p27"*' was incubated overnight, and
the secondary antibody for 30 minutes. The reaction was
developed using an ABC-alkaline phosphatase complex
for 30 minutes (Vector Laboratories, Burlingame, CA),
and Vector red substrate for 20 minutes (Vector Labora-
tories). The second primary antibody, L26 or CD3 was
incubated for 1 hour, and the secondary antibody for 30
minutes. The reaction was then detected with the ABC
complex and 3,3’-diaminobenzidine with nickel enhance-
ment (Vector).

Southern Blot Analyses

Genomic DNA was extracted from frozen tissue in 25
cases using proteinase K/RNase treatment and phenol-
chloroform extraction. Ten ug of DNA was digested with



Figure 1. p27"P! protein expression in normal lymphoid tissue (tonsiD).
Germinal centers that contain a high percentage of proliferating cells show
only scattered cells expressing p27°'P!, whereas most cells in the mantle
zone and in the interfollicular T-cell area express high levels of p27%iP!,
Immunoperoxidase; X100.

EcoRlI or Hindlll and BamHI, separated on 0.8% agarose
gels, and transferred to GeneScreen Plus nylon mem-
branes (NEN Research Products, Boston, MA). The mem-
branes were hybridized with a 32P-labeled 1.5-kb EcoRl
fragment containing the full-length p27<P1 cDNA. After
washing at appropriate stringencies, bound probe was
detected by autoradiography at —70°C using intensifying
screens.

Statistical Analysis

The significance of the association of p53 overexpression
between the two groups of MCLs and the significance of
the association between p27<P' and p53 expression was
assessed using Fisher’s exact test.

Results

p275P" and Ki67 Protein Expression in Normal
Lymphoid Tissue

In reactive tonsils and lymph nodes, p27XP" was strongly
expressed in the nuclei of the mantle cells and in the
interfollicular small lymphocytes, whereas germinal cen-

Table 1. Expression of p27%P! MIBI, and p53 in 66 NHLs
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ter cells were negative. Within the germinal centers there
were scattered positive cells mainly in the light zone
(Figure 1). Double staining demonstrated that these cells
corresponded mainly to reactive T cells; however, rare
plasma cells with strong nuclear positivity were also iden-
tified. The pattern of expression was opposite to that seen
with the proliferation-related antigen, Ki67.

p279PT Ki67, and p53 Protein Expression
in NHLs

A total of 66 cases of B-cell NHLs other than MCL were
immunostained for p27XP' p53, and Ki67. The results
are summarized in Table 1. All cases of CLL (16 cases)
and marginal zone lymphomas (9 cases) revealed strong
p27XPT nuclear staining similar to the intensity seen in T
lymphocytes (Figure 2A). The occasional large cells in
marginal zone lymphomas and the proliferation centers in
CLLs were p27XiPT negative. In contrast, Ki67 was posi-
tive in these cells. In the group of follicle center cell
lymphomas (21 cases), examples of histological grades
I, II, and Il were included. In each case there was an
inverse correlation between the percentage of cells in the
neoplastic follicles that showed p27<P" staining and the
cells that expressed the proliferation marker Ki67. In the
DLBCL group (20 cases), p27*! expression was com-
pletely negative in the large neoplastic cells in 10 cases
(group 1) (Figure 2B), and in 6 cases a small percentage
of the neoplastic cells were positive (group 2). In all
cases, intermingled reactive small lymphocytes with
strong nuclear positivity for p275*" were identified. In 4
cases (group 3), the neoplastic large cells, regardless of
the high proliferative index, showed nuclear staining of
p27XPT The morphology and the proliferation index of
these tumors did not differ from those cases that showed
lack of p27PT expression.

Expression of p53 was detected in 11 cases: 6 follicle
center cell ymphomas and 5 DLBCLs. In the latter group
there was no correlation between the expression of
p27XPT and expression of p53. One of the 4 cases of the
DLBCL that expressed p27<P" expressed p53.

p271P1* cells MIB1* cells p53™* no. of
NHL Cases (range) (range) cases

Follicular lymphoma 21 65% (0-98) 41% (10-98) 6*

Diffuse large B-cell lymphoma 20t 23% (0-98) 74% (42-99) 5
Group 1 10 0 74% (42-99) 3
Group 2 6 28% (17-43) 64% (42-80) 1
Group 3 4 80% (60-98) 85% (66-98) 1

B-cell chronic lymphocytic 16 85% (71-100) 17% (6-30) 0
leukemia

Marginal zone B-cell 8 90% (74-100) 12% (1-38) ND
lymphoma

Splenic marginal zone 1 66% 40% ND
lymphoma

*p53-positive cases were all grade Il with diffuse areas.
tTotal group.
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Figure 2. A: p27%P! protein expression in a case of CLL. The neoplastic cells
show a diffuse strong nuclear positivity. Immunoperoxidase; X400. B:
p278P! protein expression in a case of DLBCL. The large neoplastic cells are
completely negative for p27'P! whereas the small reactive T lymphocytes
are positive. Immunoperoxidase; X400.

p27P1 K67, and p53 Protein Expression
in MCLs

A total of 50 cases of MCLs were immunostained for
p27P1 p53, Ki67, and cyclin D1. The results are sum-
marized in Table 2. The cases included 40 typical MCLs
(11 cases of multiple lymphomatous polyposis and 29
cases of typical MCL from lymph nodes and tonsils) and
10 cases of the blastic variant of MCLs. Cyclin D1 was
expressed in all evaluable cases (Figure 3A), as ex-
pected for these lymphomas. Nuclear staining was
present in more than 80% of the tumor cells with variation
in intensity among the cells. Five typical MCL cases were
considered not evaluable for cyclin D1 due to the lack of
staining of histiocytes and/or endothelial cells.

p275PT and Ki67 Expression in Typical MCL

p27P1 was undetectable by immunohistochemistry in
the tumor cells in 35 of 40 cases (88%), regardless of the
generally low proliferative index assessed with the prolif-
eration marker Ki67 (median 15%; 2 to 90%) (Figure 3, B
and C). In all cases scattered small lymphocytes strongly
positive for p27%P1 were identified (Figure 3C). Double
staining for CD3 revealed that these p27"P'-positive
small lymphocytes were reactive T cells (Figure 3D). In
only five cases (12%) was p27KP! expressed by the
tumor cells; however, in three of these cases the expres-
sion was uniformly weak and less intense than the scat-
tered T lymphocytes. The morphology and the prolifera-
tion index of these tumors did not differ from those cases
that lacked p27XP" expression.

p27XP" and Ki67 Expression in the Blastic
Variant of MCL

In contrast to the group of typical MCL, 8 of 10 cases
(80%) showed expression of p27"" (Table 3) (Figure 3,
E and F); 7 cases showed weak staining, less intense
than the T lymphocytes, and 1 case was strongly positive
in most of the neoplastic cells regardless of the high
proliferation index (Ki67 > 50%) (Figure 3 G). Only 2
cases were completely negative for p27<*' . In all cases
intermingled p27<P' positive T-reactive lymphocytes
were identified.

Correlation between p27P" and p53
Expression in MCLs

Expression of p53 was detected in 15 of the 50 cases; 7
cases corresponded to the blastic variant group (70%)
(Figure 3H), and 8 cases to the typical MCL group (20%).
The high association of p53 overexpression in the blastic
variant as compared with the typical variant was statisti-
cally significant (P < 0.0045). When the expression of
p53 was correlated with the staining for p27<*" cases
expressing p53 were more likely to have detectable lev-
els of p27'1 in the tumor cells (6 of 15 cases, 40%) than
were the p53-negative cases (7 of 35 cases, 20%). How-
ever, this association was not statistically significant (P <
0.1704).

Table 2. Expression of p27%P! MIB1, and p53 in 50 Cases of MCL

p27KPT (%) Ki-67 (%) p53* # of
Diagnosis No. of cases (range) (range) cases

Typical MCL

p27KP1 negative 35* 0 (0-1) 24 (2-90) 7

p27XPT positive 5 81 (50-95) 16 (2-31) 1
Blastic MCL

p27XPT negative 2 0 (0-0) 82 (80-83) 2

p27"P1 positive 8 72 (30-95)1 65 (32-100) 5

*Includes all 11 cases of multiple lymphomatous polyposis.

TMost cases showed weak but definite staining for p27'P*, at an intensity lower than the intermingled T cells.
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Figure 3. p27%** and cyclin D1 expression in a case of typical MCL. A: MCL cells staining positively for cyclin D1. The residual germinal center shows a negative
reaction. Immunoperoxidase; X200. B: In contrast to cyclin D1, the negative p27*"P! staining of the MCL cells accentuates the mantle zone (perifollicular) growth
pattern. Note the negative staining in the reactive germinal center and the positive staining in the residual T-cell area. Immunoperoxidase; X100). C: p27%P! in
a typical case of MCL with a diffuse growth pattern. The tumor cells are negative, whereas the intermingled T lymphocytes are strongly positive. Immunoper-
oxidase; X400. D: Double staining for p275*! (red) and CD3 (black) in a case of MCL reveals that all of the p27®!-positive cells within the tumor co-express
CD3. The lymphoma cells are negative for both p27P! and CD3. Immunoperoxidase; ABC-alkaline phosphatase method (red) and ABC-3,3'-diaminobenzidine
method (black); X400; inset, X1000. E Strong p27"'¥ expression in the majority of tumor cells in a case of a large-cell variant of MCL. Immunoperoxidase; X400.
F, G, and H: p27P, Ki67, and p53 expression in a case of blastic variant of MCL. F: p27%iP! is weakly expressed by the majority of tumor cells despite the high
proliferation rate. Note the stronger positivity of the intermingled T lymphocytes. Inmunoperoxidase; X400. G: Ki67 is expressed by the vast majority of the tumor
cells. Immunoperoxidase; X400. H: p53-positive staining in tumor cells. Immunoperoxidase; X400.
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Table 3. Expression of p27%P' MIB1, and p53 in 10 Cases
of Blastic Variant of MCL

Case Diagnosis p27* MiB1 p53
1 MCL-blastic - 83% 20%
2 MCL-blastic - 80% 20%
3 MCL-blastic + 70% >80%
4 MCL-blastic ++ 100% 20%
5 MCL-blastic + 50% >80%
6 MCL-blastic + 95% <5%
7 MCL-blastic + 76% 0%"
8 MCL-blastic + 32% 50%
9 MCL-blastic + 50% >80%

10 MCL-blastic + 48% 0%*

*+, most tumor cells faintly positive and less intense than T
lymphocytes; ++, most tumor cells positive with equal intensity as T
lymphocytes.

TIn this case a homozygous deletion of p16 was detected by
Southern blot.

*In this case a hemizygous deletion of p16 was detected by
cytogenetic analysis:del (9) (p12).

Southern Blot Analysis

Southern blot analysis was performed on 25 cases of
MCL to determine whether the lack of p27 expression in
the typical MCL could be due to gross rearrangement or
deletion of the gene. In all cases, hybridization with the
p27/%P1 probe revealed a germline configuration with
identical signal intensity in comparison to the control
hybridization (not shown), therefore showing no evidence
of p27°%7 rearrangements or deletions (Figure 4).

Discussion

In this study we analyzed a large group of B-cell NHLs for
p27KPT expression and correlated the results with the
expression of Ki67 and p53. We found that p27¢<*" ex-
pression in normal lymphoid tissue and in lymphoid neo-
plasias is inversely proportional to the proliferation index
as measured by Ki67. The normal mantle zone and the
interfollicular lymphocytes, as well as B-cell CLL, mar-
ginal zone B-cell lymphomas, and follicular lymphomas
grade | are mainly p27X'P" positive, whereas the germinal
centers in reactive tonsils and lymph nodes, as well as
tumors characterized by a higher growth fraction, tend to
lack p27XP1 expression. In contrast, we found that most
cases of typical MCLs do not express p27P1, regardless
of their generally low proliferative rate. Paradoxically,
MCLs with blastic morphology, which are characterized
by a more aggressive clinical behavior and high prolifer-
ation rate, show expression of p27<P,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
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Figure 4. Southern blot analysis of 16 cases of typical MCL (Lanes 1 to 16).
BamHI-digested DNA separated by agarose gel electrophoresis and blotted
into a nylon membrane was hybridized with a **P-labeled p27<% probe. All
cases show a germline configuration without evidence of rearrangement or
deletion of p27<%! gene. The varying signal intensities are due to unequal
loading of DNA as confirmed by hybridization with a control probe (data not
shown). Lane 17 corresponds to placental DNA.

Our data are generally in agreement with a recent
study by Sanchez-Beato et al,®" who also found p27<iP’
expression to be inversely related to the proliferation rate
as measured by Ki67 staining in normal lymphoid tissue
and in B-cell NHL. However, there are some differences
between the two studies. First, although we also identified
scattered positive cells in the germinal centers, mainly in
the light zone, our double staining studies revealed that
these cells corresponded to reactive T cells and interfol-
licular plasma cells and not to centrocytes, as suggested
by Sanchez-Beato et al.®' Secondly, and of most interest,
we found that the vast majority of typical MCLs (88%) do
not express p27KP". However, that study included only
two cases of MCL, limiting their assessment of this dis-
ease.

p27KP1 is a CDK inhibitor that plays a critical role in the
physiological process of cell cycle commitment.®? It was
initially discovered by Polyak et al,” who showed that
p27XPT was responsible for the inhibition of cell growth
due to transforming growth factor g, and by Toyoshima
and Hunter,'® who identified the protein through its bind-
ing with cyclin D1/CDK4 in a yeast interaction hybrid
screen. The regulation of p27XP" protein levels in the cell
appears to occur primarily at the translational and post-
translational level, as the amount of mMRNA does not
fluctuate during the cell cycle, despite the fact that
p27P1 protein level changes during the cell cycle in
response to external signals.”™'*

Through its interaction with G1 cyclin/CDK complexes,
p27P1 appears to control entry into the cell cycle and
progression through G1. p27<P' binds efficiently with
CDK4 and D-type cyclins and less efficiently with CDK2
and cyclin E."®33 In contact-inhibited MyLu1 cells and in
transforming growth factor B-arrested cells, p27KP" as-
sociates with and inhibits the activity of the cyclin E/CDK2
complex, thereby preventing cells from entering S
phase.” By contrast, in lysates of growing Swiss 3T3
cells, only cyclin D1 and CDK4 coprecipitate with
p27KP1 15 Furthermore, in transfected NIH-3T3 cells,
overexpression of cyclin D1/CDK4 has been shown to
override a p27XP"-imposed G1 block and to promote S
phase entry by sequestering p27<"P" in active cyclin D1/
CDK4 complexes.'? This sequestration of p27<P" results
in the release of its inhibitory effect on cyclin E/CDK2
complexes, allowing phosphorylation of the RB protein to
be completed and progression into S phase to occur.®”
Like other CDK inhibitors, p27%P" has been proposed to
act as a tumor suppressor gene. In addition to its inhib-
itory effect on cell cycle progression, the loss of its ex-
pression in p27°P7 knockout mice results in hyperplasias
and pituitary tumors, again underscoring the central role
of this gene in regulating cell growth and maintaining
tissue homeostasis.®~'°

Of the various types of B-cell ymphomas analyzed in
this study, only the MCLs did not show an inverse corre-
lation of p27XP" expression and the proliferation rate.
This is interesting because MCLs are characterized by
the t(11;14) translocation, which leads to abnormally high
levels of cyclin D1. Because cyclin D1 has little trans-
forming activity, it has been of interest to identify factors
that could potentiate its oncogenic activity.>* The myc



gene was first shown to cooperate with cyclin D1 in
transfection studies®**® and to lead to acceleration of
tumor formation in double transgenic mice.®” Other can-
didates that may cooperate with cyclin D1 include the
CDK inhibitors.™2" Although alterations in p76™<4& and
p21W4f1 are rare in typical MCLs, the loss of expression of
these genes, as well as deletions of p16™%“a have been
reported in aggressive variants of MCL.?® The present
report suggests that p27"'*" may be yet another CDK
inhibitor the loss of which can potentiate the oncogenic
activity of cyclin D1.

The inability to detect p27<P' protein expression in
typical MCLs cannot be explained by p27°%" gene dele-
tion, because none of the 25 MCL cases examined
showed gross rearrangement or deletion of the gene.
This finding is not surprising and is consistent with pre-
vious studies that have shown no homozygous deletions
and only rare mutations of the p27<°" gene in human
tumors.'6-1°

Although the relationship between the high cyclin D1
levels and the lack of p27""*" immunostaining in MCLs is
uncertain, there are several possible explanations as to
why these may be linked. One explanation is that in MCL
the high level of cyclin D1 leads to the degradation of
p27KPT We believe that this is unlikely because in ex-
perimental systems, high levels of cyclin D1 are reported
to inhibit the degradation of p27<iP*. "2 A second possi-
bility is that p27**", when bound to cyclin D1/CDK com-
plexes, is not immunologically detectable by the antibody
used. The fact that this antibody reacts with the C termi-
nus of p27KP* in the region of the cyclin D1 binding
domain, is consistent with this explanation. Finally, it is
possible that p27P" expression is lost through a mech-
anism independent of the cyclin D1 abnormality in MCL.

Paradoxically, staining for p27X*" was observed in the
majority of the cases of blastic variant of MCL (8 of 10
cases; 80%). In most of the cases, the intensity of staining
was less than in the T lymphocytes, suggesting that even
though there is some p27"P" protein in the tumor cells, its
expression is still relatively low. The reason why blastic
variants of MCL express some p27K®! despite their high
proliferative rate is not clear. It is possible that these
tumors have additional abnormalities that allow them to
tolerate the high levels of p27KP" expression. Previous
studies in MCLs have shown that the blastic variant of
MCL, in contrast to the typical cases, have frequent oc-
currence of mutations and deletions in other negative cell
cycle-regulatory genes (p53, p16™<4a and p21"Waf),
which may contribute to the development of more ag-
gressive disease with higher proliferative activity.?6-38
The loss of these and possibly other cell cycle-regulatory
proteins may lead to a compensatory increase in the
levels of p27XPT. Accordingly, five of the eight cases with
blastic morphology and p27%P" expression had immuno-
histochemical detection of p53; four of these cases
showed p53 protein in a high number of cells (>50%).
Although we did not study p53 gene alterations, previous
studies have shown a good correlation between high
expression of p53 protein expression and gene mutations
in MCLs.®® In addition, two of the three blastic cases with
p27"P1 positivity and no expression of p53 have been
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shown in a previous study to have deletions of the
p16INK4a gene_ze

Interestingly, in human breast cancer, overexpression
of cyclin D1 is accompanied by high expression of
p27P1 protein.233° Furthermore, overexpression of cy-
clin D1 in vitro has been shown to induce p27<P' expres-
sion in mouse mammary epithelial cells.*® These data
contrast with our findings in typical MCL, in which high
levels of cyclin D1 are associated with low levels of
p27P1. The reason for this difference is not clear; how-
ever, it may reflect tissue-specific differences in the cell
cycle machinery. In contrast to epithelial cells, lymphoid
cells do not normally express cyclin D1, and the molec-
ular consequences of aberrant expression of cyclin D1 in
these cells may be different.

In conclusion, we report the loss of detectable p27iP’
protein expression in typical MCL and hypothesize that
this loss of expression may be related to the high level of
cyclin D1 expression in these tumors rather than to the
presence of structural abnormalities that occur in other
genes with tumor suppressor activity. We suggest that
the loss of the immunologically detectable levels of
p27P1 has functional consequences that are likely to
play an important role in MCL tumorigenesis. Further
studies are needed to elucidate the mechanism respon-
sible for the lack of detection of p27<P" in MCL and its
expression in the more highly proliferative blastic vari-
ants.
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