From www.bloodjournal.org by guest on September 16, 2016. For personal use only.

Deletions of the Cyclin-Dependent Kinase Inhibitor Genes p16'™¥4* and
p15™X“® in Non-Hodgkin’s Lymphomas

By Adrian F. Gombart, Roberta Morosetti, Carl W. Miiler, Jonathan W. Said, and H. Phitlip Koeffler

The tumor suppressor genes p16™*** and p15™**® map to
the 9p21 chromosomal locus and are either homozygously
deleted or mutated in a wide range of human cancer cell
lines and tumors. Although chromosome 9 abnormalities
have been described in non-Hodgkin’s lymphomas (NHLs),
to date, the mutational status of these genes has not been
determined for these malignancies. A total of five cell lines
and 75 NHLs were examined for homozygous deletions or
point mutations in the coding regions of both the p15 and
p16 genes using Southern blot and/or polymerase chain re-
action-single-strand conformation polymorphism analyses.

ONNECTIONS BETWEEN cell cycle regulation and
cancer have multiplied rapidly. The cell cycle regula-
tors implicated in cancer are primarily involved in the transi-
tion from the G1 to S phases.! These include the D-type
cyclins (1, 2, and 3) and their respective cyclin-dependent
kinases (CDKs) 4 and 6. The cyclins bind to and activate
the CDKs, which leads to phosphorylation of the tumor sup-
pressor protein, Rb. Rb is underphosphorylated through-
out the G1 phase and is phosphorylated just before the S
phase.”* Release of E2F transcription factors from phosphor-
ylated Rb presumably allows transcription of genes critical
for driving the cell cycle through START.’ Therefore, the
activation and subsequent inactivation of a series of cyclins
and CDKs is required for normal progression of the cell
cycle.™ A newly identified family of functionally related
proteins termed cyclin-dependent kinase inhibitors (CDKIs)
plays a critical role in the inactivation of CDK activity,
particularly in the G1 phase."® These include p21°'P/WAFY
CAP20. p27KlPl’ p28]CK’ p16lNK4A’ plSmK4B, and p18.'" CDKls
bind to their respective CDKs or CDK-cyclin complexes and
inhibit the activity of the kinase.”®'*!”

Perturbations in the functions and/or expression of the
above cell cycle regulatory proteins, as well as loss of Rb,
would predictably lead to deregulation of the cell cycle and
contribute to tumorigenesis. To overcome regulation of the
cell cycle by Rb, either Rb function can be lost or CDK 4
or 6 activity increased. Increased CDK activity could result
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Homozygous deletions of either the p16 gene or both the
p15 and p16 genes were observed in one diffuse large B-cell
lymphoma cell line and two uncuitured lymphomas con-
sisting of one large B-cell and one mixed T-cell lymphoma.
In contrast, point mutations were not detected in either the
cell lines or lymphomas. These results indicate that the rate
of alterations in the p15 and p16 genes is low for lympho-
mas, but loss of p16 and/or p15 may be involved in the
development of some lymphomas.

© 1995 by The American Society of Hematology.

from either overexpression of the D-type cyclins or CDKs,
or loss of CDKISs like p15 or pl6. Such alterations may lead
to uncontrolled cellular proliferation. Examples of each have
been observed in different types of cancers. The cyclin D1
protein, which is encoded by the CCND1/PRADI1/BCL],
protooncogene, is involved in various chromosome abnor-
malities or gene amplifications that lead to overexpression
in certain cancers.'®? In addition, overexpression of the
cyclin D1 protein leads to transformation of primary rodent
cells, as well as the development of mammary hyperplasia
in transgenic mice.”'”> Moreover, amplification of CDK4
expression has been observed in cancers such as sarcomas
and gliomas.”? These studies indicate that cyclins and
CDKs are possible oncogenes, and their activation contri-
butes to tumorigenesis.

On the other hand, biochemical, cell culture, and molecu-
lar studies indicate that the CDKIs may function as tumor
suppressors. Overexpression of the CDKIs in cultured cells
inhibits cell cycle progression and, in some cases, tumorigen-
esis.”* 11121720 I addition, the p16™¥** and p15™**® (inhibi-
tor of CDK4) genes, also known as CDK4I/MTS-1 (CDK4
inhibitor/multiple tumor suppressor-1) and MTS2, respec-
tively, were mapped to chromosome 9p21 during a detailed
analysis of the most frequently deleted region at this locus
in a wide variety of cell lines derived from human malignan-
cies, including non—small-cell lung cancers, gliomas, mela-
nomas, and leukemias.”’* Recent studies also showed that
pl6 is deleted or mutated in uncultured cells from the
same malignancies, but at a lower rate than in the cell
lines.>¥-** Point mutations have not been observed in the
pl5 gene from either cultured or uncultured cancer cells.”’*
However, p15 is homozygously deleted along with the p16
gene in primary brain tumors and fresh leukemia samples.”"*
This suggests that loss of both genes may be involved in the
development of both solid tumors and hematopoetic malig-
nancies.

Results from our own laboratory, as well as others, re-
vealed a striking rate of plS and pl6 deletions in acute
lymphoblastic leukemias (ALLs).*****“** However, the rate
of deletions in chronic and acute myeloid leukemias (CML
and AML, respectively), myelodysplastic syndrome (MDS),
chronic lymphocytic leukemia (CLL), and multiple myeloma
is very low***%* The muiational status of the pl5 and
pl6 genes has not been well characterized for cultured or
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Table 1. Characteristics of NHLs

Southern Blot Analysis*

N {p16/p15/total}
B-cell phenotype 52 1/1/37
Immunoblastic (7 HIV+) 191 0/0/13
Lymphoblastic 2 0/0/2
Mixed 15 0/0/11
Large cell 10% 1/1/6
Monocytoid 1 0/0/1
Mantle cell lymphoma 3 0/0/2
Burkitt-like, small non-cleaved (HIV+) 2 0/0/2
T-cell phenotype 23 1/0/16
Large cell (1 HIV+, 1 HTLV+) 78 0/0/4
Mixed 4 1/0/4
Small cell peripheral 2 0/0/1
Lymphoblastic 3 0/0/3
Angioimmunoblastic 5 0/0/4
Mycosis fungoides 2 0/0/0
Total 75

Abbreviations: HIV, human immunodeficiency virus; HTLV, human
T-cell leukemia virus.

* Number of homozygous deletions in p16/p15/total number ana-
lyzed by Southern blot.

1 Hemizygous deletion of p15 exon 2 in one sample.

# One sample contains hemizygous deletions in p16 exon 2 and
p15 exon 2.

§ One sample contains a hemizygous deletion in p15 exon 2; a
second contains hemizygous deletions in exon 2 of p15 and p16.

|| Possible rearrangement of p15 exon 2 in sample with homozygous
deletion of p16.

uncultured non-Hodgkin’s lymphomas (NHLs). By cytoge-
netic and molecular analyses, various chromosome 9p and
9q aberrations have been described in NHLs, including dele-
tions of the 9p21 locus.”®*! This, together with the role of
pl6 alterations in some leukemias, suggests that pl5 and
pl6 alterations may be involved in lymphomagenesis. To
determine if loss of p16 and/or p15 function plays a role in
lymphomagenesis, we evaluated B-cell and T-cell lympho-
mas and B-cell lymphoma cell lines for p16 and pl5 gene
alterations using both Southern blot and polymerase chain
reaction (PCR)-single-strand conformational polymorphism
(SSCP) analyses.

MATERIALS AND METHODS

Human lymphoma samples and cell lines. Fresh tissue from pa-
tients with malignant lymphoid proliferations were obtained at the
time of biopsy from the Hematopathology Division of Cedars-Sinai
Medical Center (Los Angeles, CA). The characteristics of the 75
NHL cases are described in Table 1. All cases were characterized by
routine immunophenotyping as previously described.? As a normal
control, bone marrow was obtained from a healthy individual after
proper consent.

The human Burkitt’s B-cell lymphoma cell lines Namalwa, Daudi,
Raji, and Ramos were obtained from American Type Culture Collec-
tion (ATCC; Rockville, MD). The cell line OZ was established from
a diffuse large B-cell lymphoma containing a t(14,18) chromosomal
translocation and was provided by Masami Nagai (Kagawa Medical
School, Kagawa, Japan). All cell lines were maintained in RPMI
1640 medium plus 10% to 20% fetal calf serum without antibiotics.
Genomic DNA was isolated from frozen tumors and cell lines using
standard methods.*
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Southern blot analysis. Genomic DNA for Southern blot analy-
sis was digested with EcoRI (GIBCO/BRL, Gaithersburg, MD) and
resolved on either 0.8% or 1% agarose gels. The DNA was trans-
ferred to positively charged nylon membranes under alkaline condi-
tions according to the supplier’s protocol (Amersham, Arlington
Heights, IL). The probe DNA for exon 1 of the pl6™*** gene
(p16X1) was a PCR product (amplification described below) con-
taining the entire coding portion of exon 1. The probe DNA specific
for exon 2 of pl6 (p16X2) was a Kpn I restriction enzyme fragment
isolated from a p16 cDNA clone, provided by David Beach (Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY), representing
the 3’-coding portion of exon 2. A second probe for p16 exon 2
was a PCR product (amplification described below) containing the
entire coding portion of exon 2. It shares homology with exon 2 of
both p15 and pl16. As a control, blots were hybridized with a portion
of the myeloperoxidase (MPO) gene.** Probe DNAs were labeled
with [a->?P]-deoxycytidine triphosphate (dCTP) (3,000 mCi/mmol;
NEN/Dupont, Boston, MA) using a random primer system as de-
scribed by the supplier (Gibco/BRL). Hybridization was performed
using standard conditions with a final wash of either 0.1X or 0.5
saline sodium citrate (SSC) and 0.1% sodium dodecyl sulfate (SDS)
at 68°C for 30 minutes.

Visual inspection of the autoradiographs was used to determine
the presence of homozygous or hemizygous deletions. Suspected
deletions were more objectively determined by measuring the inten-
sity of the signals by densitometry using the Imagestore 5000 Gel
Documentation System (Ultra Violet Products Ltd, Cambridge, UK).
Of the 53 lymphomas examined by Southern blot hybridization, 36
were analyzed by densitometry.

PCR-SSCP analysis. For PCR-SSCP analysis, p15 and pl16 ex-
ons 1 and 2 were amplified from approximately 100 ng of tumor or
cell line DNA by PCR in the presence of radiolabeled nucleotides.*
The PCR products were denatured and electrophoresed through a
nondenaturing 5% polyacrylamide Mutation Detection Enhancement
(MDE; J.T. Baker Inc, Phillipsburg, NJ) gel at 6 W for 24 hours,
dried, and exposed to Kodak X-OMAT AR film (Eastman Kodak,
Rochester, NY) at —80°C with an intensifying screen.

The PCR primers used for amplification of exons 1 and 2 of p15
and p16 are described in Table 2. The PCR conditions for each exon
were as follows: pl6 exon 1: 35 cycles of 95°C for 45 seconds,
52.5°C for 30 seconds, and 72°C for 60 seconds; pl6 exon 2: 35
cycles of 94°C for 30 seconds, 55°C for 30 seconds, and 72°C for
120 seconds; p15 exon 1: 35 cycles of 95°C for 30 seconds, 55°C
for 30 seconds, and 72°C for 40 seconds; p15 exon 2: 30 cycles of

Table 2. Primers Used to Amplify Exons 1 and 2 of the p16
and p15 Genes

Expected
PCR
Product
Primers Oligonucieotide Sequence Size (bp}
p16 exon 1
p16X1S4 5'-GGAGAGGGGGAGAACAGACAACGG-3’ ~270
p16X1A1 5'-GCGCTACCTGATTCCAATTC-3"
p16 exon 2
p16X2S2  5'-ACCCTGGCTCTGACCATTCTGTTCT-3’ 371
p16X2A2 5'-GTACAAATTCAGATCATCAGTCC-3’
p15 exon 1
p1564BS1  5-CTGCGCGTCTGGGGGCTGC-3’ 164
p154BA1 5'-CCTCCCGAAACGGTTGACTCC-3'
p15 exon 2
p154BS2 5-CCCGGCCGGCATCTCCCATA-3’ 351
p154BA2 5'-CGTTGTGGGCGGCTGGGGAACCT-3’
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Fig 1. Southern blot analysis of lymphoma cell line DNAs for p16
deletions. Cell line genomic DNAs (5 ug per lane) digested with EcoRI
were electrophoresed on 1% agarose gels, transferred to nylon mem-
branes, and hybridized simultaneously with a probe for the MPO
gene and probes for p16 exon 1 (p16X1; A) and exon 2 (p16X2; B).
Lane numbers are indicated across the top of each panel: lane 1, Oz;
lane 2, Ramos; lane 3, Namalwa; lane 4, Raji; lane 5, Daudi; and lane
6, normal human bone marrow.

94°C for 60 seconds, 57°C for 60 seconds, and 72°C for 60 seconds,
followed by 72°C for 10 minutes. The PCR products were labeled
by the inclusion of 1 to 2 uCi of [@-**P]JdCTP per 20 uL reaction.

RESULTS

Examination of lymphoma cell lines and lymphomas for
homozygous deletion of the pl5 and pl6 genes. Using
Southern blot analysis, we examined five lymphoma cell
lines and 53 uncultured NHLs for homozygous deletion of
the p15 and p16 genes (Table 1). Hybridization with probes
specific for pl6 exons 1 and 2 and a control gene, MPO,
showed that the diffuse large B-cell lymphoma cell line OZ
contained homozygous deletions of both exons (Fig 1A and
B, lane 1). Signals for exons 1 and 2 were detected in the
control DNA from normal human bone marrow and all of
the remaining cell lines (Fig 1A and B, lanes 2 through 6).

GOMBART ET AL

The signal appearing at the top of the blot was due to nonspe-
cific hybridization of the probe to the wells. Subsequent
hybridization of the same blot with a probe homologous
for exon 2 of both pl5 and pl6 showed that pl5 was also
homozygously deleted in cell line Oz (Fig 2, lane f), but not
in the other cell lines (Fig 2, lanes a through e).

Blots containing DNA from uncultured NHLs were hy-
bridized in a manner similar to that described for the cell
lines. Representative results are presented in Fig 3. Densi-
tometry analysis was performed to assist in determining the
presence of homzygous and possible hemizygous deletions.
Of the 53 NHLs, visual inspection and densitometry analysis
of the autoradiograph indicated that in one large B-cell
lymphoma, exon | of p16 and exon 2 of p15 were homozy-
gously deleted; however, pl6 exon 2 was hemizygously de-
leted (Fig 3, lane d). In addition, in a mixed T-cell
lymphoma, exons 1 and 2 of p16 were homozygously deleted
(Fig 3, lane p). Exon 2 of p15 was not deleted, but appeared
to be rearranged due to the homozygous deletion of both
exons 1 and 2 of pl6 (data not shown). The faint signals
observed for the deleted samples were most likely due to
contamination by normal cells. Hemizygous deletions of p15
exon 2 occurred in four samples, with two of the four con-
taining hemizygous deletions of p16 exon 2 (Table 1). Hemi-
zygous deletions in pl6 exon | were not detected. These
results indicate that the rate of homozygous deletions in the
pl5 and pl16 genes for lymphomas is low.

Examination of lymphoma cell lines and lymphomas for
small deletions and point mutations in the pl6 gene. To
detect the presence of small deletions or point mutations, we
performed PCR-SSCP analysis for exons 1 and 2 of both
pl5 and pl6 on the lymphoma cell lines and uncultured
NHL samples. The OZ cell line, which contains a homozy-
gous deletion of the pl6 gene, did not amplify for either
exon 1 or 2 of pl6 or exon 2 of pl5 as expected (data not
shown). For the remaining cell lines, the mobility patterns
observed for both exons of pl6 were identical to that of the
control DNA from normal human bone marrow (data not
shown). Of the NHLs examined for p16 (exon 1, 35 of 75;
exon 2, 67 of 75), no point mutations or polymorphisms were
detected. For p15 exon 2, 64 of 75 NHLs were examined, and
a pattern, previously observed in 6 of 36 matched, tumor-
normal non—small-cell lung cancer samples,’® was observed,
indicating the presence of a polymorphism. This polymor-
phism, identified in 12 lymphomas (data not shown), was
due to a silent base substitution in codon 38.”” The rate of
heterozygousity for this polymorphism in the lymphomas
was 13%. For p15 exon 1, 69 of 75 NHLs were examined,
and no point mutations or polymorphisms were found. It
should be noted that the samples with hemizygous deletions
did not display altered mobility patterns after SSCP analysis.
This indicates that point mutations in the remaining allele,
which might lead to loss of protein function, were not pres-
ent. The above PCR-SSCP results indicate that point muta-
tions are extremely rare or nonexistent in both lymphoma
cell lines and lymphomas.

DISCUSSION

Two interesting observations were made in this study.
First, the overall rate of p15 and p16 alterations is low for
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Fig 2. Southern blot analysis of lymphoma cell
line DNAs for p15 deletions. The blot described in
Fig 1 was hybridized with a probe containing the
entire coding region of p16 exon 2. This probe shares
homology with exon 2 of both p15 and p16. A second
probe for the control gene MPO was included. Lane
M, DNA markers; lane a, normal human bone mar-
row; lane b, Daudi; lane ¢, Raji; lane d, Namalwa;
lane e, Ramos; and lane f, Oz.

lymphomas (2 of 75, 2.5%). This rate is much lower than
that found for ALLs, but higher than the rate of deletion in
other hematopoetic malignancies such as CML, AML, MDS,
and CLL.**** However, when the samples are analyzed
according to their clinicopathogenic classifications, it is
tempting to speculate that p15 and p16 deletions may occur
more frequently in particular lymphoma classes. The collec-
tion that we analyzed contained 10 uncultured and one cul-
tured large B-cell lymphoma (the Oz cell line), and four
mixed T-cell lymphomas. One of six (16%) uncultured large
B-cell lymphomas, the Oz cell line, and one of four (25%)
mixed T-cell lymphomas that were analyzed by Southern
hybridization contained homozygous deletions in the pl6
gene. In addition, homozygous deletions of the pl5 gene
were noted in the large B-cell lymphoma and the cell line.
The p15 gene of the mixed T-cell lymphoma was not deleted
but appeared to be rearranged. The effect of this on the
expression of pl5 is unclear. However, the rearrangement
appears to be due to the loss of both pl6 exons, and the
breakpoints would be downstream of the pl5 gene and its

-
abcdetfghij

1537

promoter, suggesting that expression may not be affected.
Our results differ from those of Chaganti et al.”' They exam-
ined 13 cases of diffuse large-cell lymphomas in which
greater than 25% of the samples with loss of heterozygosity
(LOH) in 9p contained heterozygous or homozygous dele-
tions in various 9p loci. However, none of the lymphomas
exhibited loss or alterations when HindIIl-digested DNAs
were hybridized with a p16 probe.”’ This may be due to
differences in the collections. We did not find deletions of
pl5 or p16 in Burkitt’s lymphoma cell lines, which is similar
to previously reported results.”" It would be of interest to
examine a larger collection of large B-cell and mixed T-cell
lymphomas to determine if the rates observed in this study
are maintained.

The second observation was that homozygous deletions
of p15 occurred only when p16 was homozygously deleted,
but did not occur in all cases where pl6 was deleted. A
similar finding was observed for 22 ALL samples that con-
tained homozygous deletions of p16, but only 17 had lost
the pl5 gene.*” The predominance of codeletion suggests

MPO

Fig 3. Southern blot analysis of representative lymphoma DNAs. Genomic DNAs (10 ug per lane) digested with EcoRI were electrophoresed
on a 0.8% agarose gel, transferred to nylon membranes, and hybridized subsequently with probes for the control gene MPO (top panel), p16
exon 1 (middle panel), and a probe homologous to p15 and p16 exon 2 (lower panel). Lane a, B-cell immunoblastic (BIBS); lane b, T-cell
lymphoblastic lymphoma (TLBL); lane ¢, BIBS; lane d, large B-cell lymphoma (BLL); lane e, mixed B-cell lymphoma (BM); lane f, hyperplastic
lymph node; lane g, BIBS; lane h, BLL; lane i, BIBS; lane j, large T-cell lymphoma (TLL); lane k, BLL; lane |, BLL; lane m, BLL; lane n, monocytoid;
lane o, TLL; lane p, mixed T-cell lymphoma; lane q, angioimmunoblastic; lane r, BM.
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that loss of both genes is often required for tumorigenesis.*>*’
However, the absence of pl5 alterations in some cancers
suggests that pl6 is the main target of the deletion. As the
pl5 and pl6 genes are localized to 9p21, share extensive
predicted amino acid sequence similarity, and bind to CDKs
4 and 6, it is possible that pl5 can compensate for p16
loss.'*'7?7* Loss of pl6 may be required for tumorigensis,
but the additional loss of plS may make the process more
efficient. This could explain the predominance of homozy-
gous deletions, which would be the most efficient way to
inactivate both genes. The homozygous deletions of both
pl5 and p16 in the cell line Oz will allow us to test whether
or not both genes need to be lost during lymphomagenesis.
It is possible to express these genes in Oz and determine if
one or the other, or both are required to inhibit proliferation
or tumorigenicity of this cell line.

In summary, this study further elucidates the connections
between cell cycle and lymphomagenesis. NHLs display a
wide clinicopathologic heterogeneity, which is reflected at
the molecular level by various lesions in both tumor suppres-
sor genes and oncogenes.” Therefore, it is quite possible
that alterations in different genes involved in regulating cell
cycle may occur in particular classes of lymphomas. The
cyclin D1 protein is frequently overexpressed in mantle cell
lymphomas and presumably disrupts the cell cycle in G1 by
increasing CDK activity, thereby increasing Rb phosphoryla-
tion and cellular proliferation.'®*?"*% Qur results suggest
that a similar disruption of G1-S phase regulation occurs in
some NHLs via deletion of the tumor suppressor genes pl5
and pl6, which negatively regulate CDK activity.
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