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PTEN s a novel tumour suppressor gene that encodes a dual-specificity phosphatase with homology to adhesion
molecules tensin and auxillin. It recently has been suggested that PTEN dephosphorylates phosphatidylinositol
3,4,5-trisphosphate [Ptdins(3,4,5)P 3], which mediates growth factor-induced activation of intracellular signalling,

in particular through the serine—threonine kinase Akt, a known cell survival-promoting factor. PTEN has been
mapped to 10g23.3, a region disrupted in several human tumours including haematological malignancies. We

have analysed PTEN in a series of primary acute leukaemias and non-Hodgkin's lymphomas (NHLs) as well as

in cell lines. We have also examined whether a correlation could be found between PTEN and Akt levels in these
samples. We show here that the majority of cell lines studied carries PTEN abnormalities. At the structural level,
we found mutations and hemizygous deletions in 40% of these cell lines, while a smaller number of primary haemato-

logical malignancies, in particular NHLs, carries PTEN mutations. Moreover, one-third of the cell lines had low
PTEN transcript levels, and 60% of these samples had low or absent PTEN protein, which could not be attributed

to gene silencing by hypermethylation. In addition, we found that PTEN and phosphorylated Akt levels are inversely
correlated in the large majority of the examined samples. These findings suggest that PTEN plays a role in the
pathogenesis of haematological malignancies and that it might be inactivated through a wider range of mechanisms

than initially considered. The finding that PTEN levels inversely correlate with phosphorylated Akt supports the
hypothesis that PTEN regulates PtdIns(3,4,5)P 3 and suggests a role for PTEN in apoptosis.

INTRODUCTION by juxtaposition of a T cell receptor or immunoglobulin gee (
are usually present at initial diagnosis of leukaemias and
The disruption of oncogenes or inactivation of tumour suppresslygmphomas. Conversely, inactivation of tumour suppressor genes
genes plays a central role in the pathogenesis of malignagems to play a more relevant role, albeit not exclusively, in
diseases. In most cancer types, in particular leukaemias adidease progression, usually with ominous prognostic implications
lymphomas, the detailed characterization of such abnormalities h@s3). Moreover, the chromosomal disruptions leading to such
provided a basis for disease classification and has helped to defamormalities are not evenly distributed throughout the genome,
prognosis in individual patients. Furthermore, the identification abut rather cluster in certain regions. In leukaemias and lymphomas,
the targets for these disruptions has advanced our understandimg such region is 10q22—-245).
of the mechanisms of tumorigenesis and has been valuable in th& novel gene encoding a dual-specificity phosphaaFEN
design of molecular approaches to diagnosis and to monitorirdso known asMMAC1 or TEPL1 has been identified at
response to treatment. Chromosomal translocations resultingdghromosome sub-band 1092363-9). Abnormalities inPTEN
novel fusion proteins or transcriptional activation of an oncogeneave thus far been studied almost exclusively in epithelial
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malignancies. Positive findings have been reported prominentixpression, especially in haematological malignancies. In this
in glioblastomas and endometrial cancéd,{1). In addition, study, we have investigated comprehensively whe#ieEN
germline mutations ¥ TENhave been identified in two inherited abnormalities are involved in the development and/or progression
hamartoma syndrome$4,13), one of which, Cowden syndrome, of these disorders. We have performed mutation analysis and
is associated with an increased risk for breast and thyroid cancezgsamined®TENexpression at the RNA level in a large series of
In contrast to germline mutation, an ‘early’ event in these twacute leukaemias and non-Hodgkin’s lymphomas (NHLs), both
syndromes, it has been suggested that inactivatPhENmight ~ at diagnosis and on progression, as well as in related cell lines. We
participate as a late event in certain sporadic malignancies, sualRo generated a rabbit polyclonal PTEN antibody and assessed
as glioblastomas, in whidATEN abnormalities at the DNA level PTEN protein levels in the available samples. In addition, we
have been identified frequently in more advanced tumaQrs4).  have examined whether a correlation would be found between the
The role of phosphatases in tumour pathogenesis has not bérels of PTEN and Akt in these neoplasias.
fully explored. While several protein kinases have been implicated
as oncogenes, and phosphatases have long been known frequ%t:I%ULTS
to antagonize their function, there has been no direct demonstration
of the role of phosphatases in tumour developmiEnt PTEN  \utation analysis
characterization as a bona fide tumour suppressor gene has been
confirmed by studies showing growth suppressiétTiBNmutated  cDNA or genomic DNA from all primary malignancies and cell
glioblastoma cell lines after transfection of wild-typEEN(16).  lines was analysed successfully for the presence of mutations in the
Although a full characterization of PTEN substrates stilwhole coding region dTEN The denaturing gradient gel electro-
requires further investigation, there is regenitro evidence that  phoresis (DGGE) analysis revealed abnormalities in 11 samples
PTEN dephosphorylates phosphatidylinositol 3,4,5-triphosphat&able 1), including one acute myeloid leukaemia (AML)
[PtdIns(3,4,5)8 and inositol phosphate via a mechanismsecondary to a myelodysplastic syndrome, four NHLs and six cell
consistent with that described for other dual-specificity phosphatad#ses. Sequence analysis of the samples confirmed mutations in
(17). Ptdins(3,4,5)Pmediates growth factor-induced activationall but one case. An intronic sequence variant, IVS4+4ZC
of intracellular signalling, in particular through the serine—threoningias found in the AML; a nonsense mutation in codon 17
kinase Akt (also known as Aktl, PKB or RAC1), a known cel(GIn17Stp) that would lead to a premature termination of the
survival-promoting factor18,19). Activation of Akt by growth  protein was found in a diffuse large B cell lymphoma (DLBCL)
factors is mediated by phosphatidylinositol (PI) 3-kinase, th&cansformed from a low-grade NHL. A 20 bp insertion in exon 7,
enzyme that catalyses the phosphorylation of PtdIns(3z4,5)B.703insCTCCCTAAGGAGGAATTTAT was detected ina T cell
from phosphatidylinositol 4,5-bisphosphate [PtdIns(4b)P lymphoma. This mutation is predicted to result in a truncated
(20,21). Until now, there has been no huniamivoevidence for PTEN protein with 260 amino acids. A neutral polymorphism,
an association between PTEN and Akt pathways. A recent repdly40Gly, was detected in one DLBCL. A DGGE variant was
however, identified high levels of phosphorylated Akt infound in exon 1 in a low-grade B cell lymphoma. However, no
PTEN-deficient immortalized mouse embryonic fibrobla®3®.( sequence variations were detected when this sample was
While most studies have focused®FENmutational analysis, sequenced. Finally, amongst the cell lines, a total of eight
little is yet known about its transcription levels and proteirsequence variants were found in six cell lines (Taple

Table 1.Results ofPTENSstructural analysis in primary leukaemias, lymphomas and cell lines

Diagnosis PTENsequence PTENdeletion AbnormalPTENsplicing
Primary samples
Myeloid leukaemias 25L IVS4+42CT 0/ ND
Lymphoid leukaemias 076 ND
NHLs GIn17Stp ND
Gly40Gly

¢.703 ins 20 bp (stop at codon 260)
1 DGGE variant (exon )

Cell lines
Myeloid leukaemias KU812
U937
K562
Lymphoid leukaemias B15; REH: R173C; N334N B15 B15
REH REH
207
NHL HT:IVS3-52 delT DHLS8, RAJI
DHL8: IVS3-52delT; Leu295Leu DHL4, DHL10

DHL4; DHL10: IVS4+5G-T

aChronic phase-blast crisis chronic myelocytic leukaemia paired samples.
bNo abnormality found on sequencing analysis.
ND, not done.
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Figure 1.Northern blot analysis & TENon lymphoma and leukaemia cell ine?RENdeleted glioblastoma cell line (A172) has been included as a negative control.
A GAPDH probe was used to control for RNA loading.
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PTENdosage was assessed in paired samplesbyacombina £ < § £ 2 2 2 2 2 A E S 7 & 2 E2 2
of restriction analysis of a frequent single nucleotide polymorphisi| % - ® : | I

(SNP) present at intron 8 (IVS8+32G/T) and amplification o™
polymorphic markers located within or flanking €ENIlocus.
In addition, the cell lines were also analysed for gene dosage B D
means of a semi-quantitative duplex PCR usliigN primers w
alongside primers for a house-keeping gediglucuronidase
(GUSB. Fourteen paired primary samples were uSed (| == = == o =
assessment of intrager®@ ENdeletions: in 13 cases of chronic | e
myelocytic leukaemia (CML), both chronic phase and blast cris _ : e —
DNA were available for comparison; in one case déaovo P )
AML, DNA from the remission phase was also analyse:
(Tablel). Only one CML pair, derived from a patient with a
myeloid transformation, showed a borderline loss ratio between

chronic and acute phase of 1.48, withti®©S249dinucleotide . . . . .

. . S . . Figure 2. Western blot analysis of lymphoma and leukaemia cell lines with a
marker, while our operatlonal limit was 1B’Q4)' _ThIS m'ght .rabbit polyclonal PTEN antibody recognizing the C-terminus of the protein.
have been due to the presence of normal cells in the blast crigigalysis of the same samples with a phospho-specific Akt antibody (P-Akt)
sample. This sample was not informative for the SNP in intron 8nd a phosphorylation state-independent Akt antibody is shown. Sample

None of the celllines had homozygous deletiRHEN Five o tames Tl 2L BCile e e eed 26 & positve control and the
cell lines, including two acute lymphoid leukaemia (ALL) cell y . . .
lines (BlS and REH) and three myeloid cell lines (KU812, K562PTENdeIeted A172 glioblastoma cell line as a negative control.
and U937), had evidence®T ENhemizygous deletion based on
the results of four polymorphic markers withibl0S2491and
IVS8+32G/T) and flanking®TEN (D10S1687andD10S176%  wiith intron 7, and exon 7 was joined to the remaining downstream
Of these, only B15 and REH had mutations detected in thgses of exon 8, resulting in a frameshift and a truncated product
remaining allele (see above; Talje of 275 amino acids. All other cell lines with sequence variation
produced fragments of the expected size only.

All 23 primary lymphomas for which cDNA was available
showedPTEN expression by RT-PCR, with no variation in the
intensity of thePTEN band (data not shown). Because an
RT—PCR All cell lines for which cDNA was available were unknown number of admixed normal cells in each sample would
tested for the presence of abnormally sized products indicative igferfere with quantitative analysis, we did not attempt to quantify
alternative splicing (data not shown). In addition to a fragment & TENexpression in these samples.
the expected size carrying a mutation in exon 6, B15 cDNA
amplicon C2, spanning exons 5—7, yielded a fragment which wairthern blot All samples analysed, except the AIRZEN
141 bp shorter than the predicted size. Sequencing revealed ittdeted cell line, showed expression of a mRjEENtranscript
lack exon 6. Skipping of exon 6 results in a truncated PTENf 5.5 kb, as well as two smaller mRNA species#b and
protein with 171 amino acids. Furthermore, two other lymphoma.5 kb. However, the level G#TEN expression varied widely
cell lines carrying an intronic sequence variant, DHL4 ané&mongst the samples: B15, BLIN1, DHL4, DHL10, NALMS,
DHL10, were found, in addition to the normal fragment, to havéiT, RS4;11 and RAJI showed high transcript levels, whereas
an alternatively spliced transcript form in which exon 4 wa$V173, HL60 and U937 had very low transcript levels and the
absent. The latter is predicted to result in a truncated 74 aminemaining samples (207, DHL7, DHL8 and K562) showed an
acid protein lacking the phosphatase core motif. Three other caltermediate level dPTENtranscription (Figl). The GAPDH
lines, 207, DHL8 and RAJI, were shown to carry a more complesignal confirms that unequal loading of the samples did not
splice variant. The first 44 bp within exon 8 were spliced out alongccount for the differences observed.

F-Akt

Tubulin

PTEN transcription analysis



188 Human Molecular Genetics, 1999, Vol. 8 No. 2

Table 2.Correlation between PTEN RNA and protein levels and between PTEN and Akt protein levels in the cell lines

examined
Cell lines PTEN PTEN Concordance between Inverse correspondence
RNA2 proteir? PTEN RNA and protein between PTEN and Akt
protein levels

A172 - - Yes Yes

BLIN1 +++ +++ Yes Yes

DHL4 ++ + Yes Yes

DHL10 +++ ++ Yes Yes

HL60 —I+ —/+ Yes Yes

K562 —I+ + Yes Yes

NALM6 +++ +++ Yes Yes

RS4;11 +++ +++ Yes Yes

U937 —I+ I+ Yes Yes

207 + + Yes No

B15 +++ —I+ No No

BVv173 I+ ++ No No

DHL7 ++ —/+ No Yes

DHL8 ++ —/+ No Yes

RAJI +++ +++ No No

REH +++ —I+ No No

HT ++ —I+ No Yes

3ntensity of the signal.

Protein analysis A rabbit polyclonal PTEN antibody directed Methylation analysis To determine whether the IoRTEN
against the final 15 amino acids of the PTEN protein sequent@nscription level in some cell lines was due to methylation, we
was generated and used for immunoblots. All cell lines analysécbated HL60 and U937 cells with the demethylator agent 5-aza
showed variable levels of PTEN protein expression: BLIN12'-deoxycytidine at four doses (1, 2, 5 anduM) for different
BV173, DHL4, DHL10, NALM6 and RS4;11 showed high or exposure times, from 24 to 144 h. Two cell lines with higher levels
intermediate protein levels, while 207, B15, DHL7, DHL8,of PTENtranscription, 207 and DHL10, were used as controls.
HL60, HT, K562, RAJI, REH and U937 had low or undetectablé&o increase inrPTEN expression was noted in the cell lines
PTEN expression (Fi@). In most cases, RNA and protein levelsexamined at any of the time points analysed (24, 48, 96 and
were concordant. However, in one-third of the samples, there wa44 h), regardless of the dose of 5-azdedxycytidine used
some discrepancy between the RNA and protein expressidaata not shown)CDKN2p16 mRNA and protein expression
while B15, REH and RAJI had high and DHL7, DHL8, HT hadwere determined in the treated samples as a control for the activity
moderate to high levels fTENtranscript, virtually no protein of 5-aza 2deoxycytidine. The increase in p16 expression was
was detected in these four samples on western analysis ZYableproportional to the dose and time of exposure to 5-aza
On the other hand, BV173 had detectable protein despite lai-deoxycytidine (data not shown).
PTENtranscript levels.

To determine whether PTEN levels correlated with an activategiscyssion
form of Akt, a phosphorylation-specific Akt antibody was used
in immunoblots of the same samples described above. ANe have analyseédTENSstatus in a panel of primary leukaemia
antibody recognizing Ser473-phosphorylated Akt was found tand lymphoma samples and cell lines. We found that while only
correlate inversely with PTEN levels in 12 of 17 cell linesa minority of haematological malignancies had pathogenic
including the PTEN-deleted cell line, A172 (F&). Analysis of  mutations or deletions &fTEN low mRNA levels were present
the same samples with a phosphorylation state-independent Adkta subset of samples and virtually no protein was detected in
antibody did not reveal marked variations in Akt expressiod0% of the cell lines tested, most of which had high transcript
(Fig. 2). In five samples, 207, B15, BV173, REH and RAJl,levels ofPTEN This suggests that PTEN might be inactivated via
PTEN and Akt did not show an inverted pattern of expression. keveral mechanisms, including not only the extensively reported
only two of these samples, 207 and RAJI, total Akt levels wemnutations and deletions, but also transcription silencing and
reduced in comparison with the other cell lines. disruption at the protein level.

a-Tubulin analysis revealed that the loading of the samples didOverall, the majority of cell lines hadTEN abnormalities
not account for the differences observed in either PTEN or Aldither at the structural, transcriptional or protein levels. The
expression. multiple mechanisms oPTEN inactivation were distributed
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indistinctly amongst myeloid and lymphoid lineages. Moreovetthe promoter region of the gene, giving rise to an unstable, or even
within the same lineage, abnormalities were present regardlessatilsent, transcript. Alternatively, low transcription rates could be
the differentiation level, as seen by involvement in bottdue to methylation dPTEN To investigate further the mechanisms
multipotent cell lines (e.g. K562) and cells committed to myeloidhvolved in the variable PTEN mRNA and protein levels, we
(HL60) or monocytic differentiation (U937), as well as inanalysed the effect of a demethylator agent, 5-adedXycytidine,
pro-pre-B ALLs (REH) and B cell neoplasias (RAJI and DHLs)in cell lines with lowPTEN transcription levels. It would be
In addition, the majority of the samples wRTEN disruption  expected that mMRNA and, consequently, protein levels would
previously have been shown to carry a molecular abnormaliticrease ifPTEN were inactivated by methylation. Neither
thought to be causative of the phenotype, suchEds-AML1  sample with low nor high baselifRTENshowed changes in the
rearrangement in REHMLL-AF4 in RS4;11, anycfusion in  protein levels after exposure to the demethylator agent, whereas
RAJI andBCR—-ABLfusion in all CML-BC cell lines35-28).  p16 expression, used as a control, was induced in at least one of
Furthermore, in several of these cell lines, disruptions of othéine 5-aza 2deoxycytidine-treated cell lines. There have been
tumour suppressor genes are present and thought to be majantroversial results regarding the occurrendeI&Nmethylation
secondary events responsible for progressiprThis suggests in epithelial tumours. While it recently has been suggested that
that PTEN might be involved in late stages of neoplasticPTEN might be methylated in prostate cancé&?)( an earlier
development, which is in agreement with what has been reportstlidy failed to findPTENhypermethylation in the same type of
in glioblastomas(0), and possibly might represent an additionatumour 33). It is debatable whether the IGM EN expression
‘second event’ in certain tumours. observed in the former study may in fact reflect methylation of a
CML is thought to represent an ideal model to studyutativePTENup-regulator rather than methylation of FFEEN
progression in cancer. This myeloproliferative disorder is usuallgene itself. It is possible, however, that methylatioRBEN if
identified in a ‘pre-malignant’ stage, where some degree giresent, may be restricted to certain tissues only, and that factors
maturation, albeit discordant, is maintained (chronic ph&se) ( other than methylation may account for the low mRNA levels
Eventually, an overt block in differentiation arrest occursseen in certain samples.
resembling an acute leukaemia (blast crisis). We have thereforaVhile, in some cases, low protein levels most likely reflect the
examined CML samples in chronic phase and blast crisis foeduced transcription levelsBTEN in six samples, comprising
PTENabnormalities. While other tumour suppressor genes, suchfasir lymphoma cell lines (DHL7, DHL8, RAJI and HT) and two
p53andCDKN2Ap16 have been implicated in the progression ofALL cell lines (B15 and REH), the low protein levels were
a subset of CML in myeloid and lymphoid transformati®iq),  associated with higfTEN mRNA levels. This suggests that a
respectively, it is unlikely, from our findings, tfABTENplays a  distinct mechanism dPTEN inactivation might occur in these
role in CML progression, as there was no clear evidence faases. Interestingly, in the two ALL cell lines, hemizygous
deletion or mutation in the paired cases studied. However, duedeletion of PTEN with a missense mutation of the remaining
our small sample size, a larger number of cases would need todtlele was detected. This could indicate that an abnormally
analysed to confirm these findings. FurthermBfEENRNA or  unstable protein resulted which could account for the low
protein levels were not analysed in these samples and might be de¢ection of PTEN protein in these cases. In two other samples,
actual targets oPTEN disruption in such cases. In fact, this DHL8 and RAJI, a splicing variant resulting in a trunc&&&N
finding of PTEN abnormality in two CML-BC cell lines supports product was identified in addition to the wild-type fragment on
this notion. RT—PCR. Itis possible that the low protein levels in these samples
Amongst the remaining primary samples, it appears from oumight be related to the lower levels of wild-typ€EN In the
analysis that a predominance of mutations was seen in the NHiesnaining samples, DHL7 and HT, derived from a DLBCL and
(10% of the cases versus 1.35% in leukaenias, 0.05 by a T cell lymphoblastic lymphoma, respectively, no pathogenic
Fisher’s exact test). RNA and protein analysis of primary sampl@sutations, deletions or aberrant splices were identified. The
will be relevant to determine whether PTEN involvement is morenechanism responsible for low PTEN levels in this case remains
extensive than a structural analysis might have suggested.té\be characterized.
recent report on mutation analysisRTEN in haematological The identification of endogenous PTEN substrates is essential
malignancies has revealed only a small incidence of abnormalities a better understanding of its intracellular role. It has been
in lymphoid samples30Q). However, no RNA or protein analyses suggested recently that Ptdins(3,435)&8n important second
were performed in this study. messenger involved in cell growth signalling, is a substrate for
The mechanisms involved in the IBVENtranscription levels PTEN @34). PtdIns(3,4,5)Ris produced from Ptdins(4,%)By
shown by some samples are not known. In two cell lines, U9F1-3 kinase on stimulation by various ligands such as insulin,
and K562, hemizygous deletion BTEN has been detected, platelet-derived growth factor (PDGF) and fibroblast growth
which might account for low RNA levels seen in this sample. Ifiactor (FGF). One target of PtdIns(3,4 5)$the proto-oncogene
fact, a recent report onFarENknockout mouse model suggestsAkt, which is the cellular homologue of the viral oncogeatv-
thatPTENhaploinsufficiency may be pathologically relevant, ag18,35). Akt codes for a serine—threonine kinase with homology
malignant tumours spontaneously develope®TEN’- mice  to protein kinase C (PKC}E). In addition, it contains a unique
(31). However, it is unlikely that monoallellic expression of theN-terminal pleckstrin homology (PH) domain, which interacts
gene accounts for the low expression leveRTdENin all cases, with both Ptdins(3,4,5and Ptdins(4,5in vitro (35,37).
as other hemizygously deleted cell lines (B15 and REH) ha@hosphorylation of Akt, in particular at Thr308 and Ser473
higher levels of PTEN mRNA and/or protein. In addition, aresidues, has been proposed to be essential for its activation
non-deleted cell line, HL60, also expressed very low levels qP0,38). Akt has been shown to promote cell survit&l§9), and
both mMRNA and protein. This suggests that other mechanismsitéf anti-apoptotic role has been characterized in differentiating
transcription down-regulation might occur, such as a mutation imeuronal cells40). The anti-apoptotic role of Akt is mediated
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through the phosphorylation of BAD, which inhibits BAD PTEN levels inversely correlate with phosphorylated Akt supports
binding to Bcl-x, resulting in suppression of apoptogis$)(We  the hypothesis that PTEN regulates Ptdins(3,4]8)@lsin vivo.
hypothesized that if PTEN was indeed involved in the

Ptdins(3,4,5)Rregulatory pathway, we would detect an inverseMATERIALS AND METHODS

correlation between PTEN and phosphorylated Akt levels. In
fact, we did note an inverse correlation between these twePMPIes

proteins in all but five Samples. Itis possible that in this minoritw\/e studied a total of 136 leukaemias or |ymphomas Comprising
of samples, Akt is activated through a pathway independent @i4 primary samples and 22 cell liné8)( Amongst the primary

PI-3 kinase, such as that initiated by heat shock or hyperosmolaialignancies, 74 werge novoor secondary acute leukaemias
stress42) or an as yet unidentified mechanism. In two samplesind 40 were NHLs, derived almost exclusively from an adult
reduced PTEN levels were accompanied by low levels of botfopulation. In 14 cases, paired samples were available from the
phosphorylated Akt and total Akt. The reasons for the discrepanggme patient, including 13 cases of CML both in chronic phase
seen in these samples are not clear and require further investigatignd blast crisis, and one acute myeloid leukaemia AML at
On the other hand, PTEN activity may be regulated by othefiagnosis and upon remission. TaBlelescribes in detail the
mechanisms, such as phosphorylation, subcellular localization lekaemias and lymphomas examined.

interactions with other proteins, and Akt levels might be

associated with only certain specific conditions of PTENrable 3.Leukaemias, lymphomas and tumour cell lines studied

activation. Unlike another member of the PKB subfamily, AKT2,

which has been found to be overexpressed in ovarian and Primary samples Celllines  Total
pancreatic cancertg 44), abnormalities of Akt have not been De novo Secondary

observed consistently in human malignancies. This is the firshML 22 21 6° 49
humanin vivoindication that PTEN levels are related to activatedALL 21 10 9 40
Akt levels, which reinforces thia vitro data by Maehama and NHL B cell T cell

Dixon (34) suggesting that PtdIns(3,4,3)R a substrate for 30 10 7 47

PTEN. The possibility that PTEN might counteract the activity of
a survival factor suggests an indirect role for PTEN in apoptosigf
This has been confirmed recently by a report describing increased
cell survival accompanied by high levels of phosphorylated Akt ]
in PTEN-deficient immortalized mouse embryo fibroblag®y.( DNA and RNA extraction

These cells were shown to resume sensitivity to apoptosis apfia was obtained using standard methods RNA was
reduce Akt levels on expression of exogenous PTEN. available from 32 primary tumours and most of the cell lines and
The potential involvement dPTEN in the pathogenesis of a5 extracted with Trizol (Gibco BRL, Gaithersburg, MD)
haematological malignancies is not unexpected. Phosphatages ,ding to the manufacturer’s guidelines. cDNA was generated
have been implicated in several critical pathways responsible fggjng random hexamers (Promega, Madison, WI) and Super-

cell growth, differentiation, cytoskeletal organization and B celkcript || RNase H reverse transcriptase (Gibco BRL) following
activation following antigen stimulatiod$). Moreover, partial e manufacturer’s instructions.

or complete absence of SHP1, a tyrosine phosphatase, is known

to cause a Iymphoproliferativg disorder in motheaten mige ( IRGGE analysis ofPTEN

In addition to phosphatases, it has been suggested recently that

another class of proteins, the cell adhesion molecules, might aNeitation analysis was performed by DGGE. IndividBaEN

play a role in leukaemia and lymphoma pathogenesis. Thereésons were amplified and run on denaturing gels according to the
recent evidence indicating tHaf ENtumour suppressor function conditions described previousk9).

is mediated by its ability to down-regulate cell interactions with

the extracellular matrix 4(¢7), which is in keeping with its Sequencing analysis

structural homology to two cell adhesion molecules, tensin a?gb . .
il (7). 0 e sy, PTEN has been shown o i celf (oo™ S4Aes o DGGE were eanpified i, snother st
migration and integrin-mediated cell spreading and formation hree pair’s of overlapping primers (CPTEN1F, CATCTCTCTC-
focal adhesions. Furthermore, two recent reports ®TEBN  ~TCCTTTTTCTTCA: cPTENIR. ATATCATTACACCAGTT-
knockout mouse has revealed that chimaeric mice derived fro&bTCCCT' cPTENZI': ATGGCTAAGTG AAGATGACAATCA:
PTEN"- cells may develop myeloproliferative featurgg, 1), cPTENZR ' ACTTTG A'\TATC ACCACACACAGGT: cPTEN3I5
supporting a_role foPTENin haematological ma]ignancies. ACGACG&;GAAGACAAGTTCAT; CPTEN3R, TT'TTCATGT-’

In concluglon, we have founq that ‘h‘? majority of huma'?BTTTTATCCCTCTT) spanning the entire coding region of
haematological malignancy cell lines studied Hav&Nabnor- PTENwere used to analyse the integrity of BEEN sequence
malities either at the structural, transcriptional or protein levels, \;ine DLBCLS. for which only RNA was available
while a smaller number of primary haematological malignancies ' '
carry PTENmutations. These findings suggest faENmight
be inactivated through a wider range of mechanisms than initial
considered and also tHATENplays a role in the pathogenesis of PTEN dosage was assessed in paired samples by restriction
haematological malignancies. Further studies with primargnalysis of a frequent SNP present at intron 8 (IVS8+32G/T) with
samples will help to delineate the extent and precise subsetsHificll, as previously describedd). The uninformative samples
tumours which havBTENinactivation. Finally, the finding that were reassessed by using a dinucleotide marker located within

ost-myelodysplastic syndrome or CML-blast crisis.
ludes the multipotent cell K562.

K/TEN dosage analysis
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PTEN D10S2491(33). Cell lines were also analysed for geneand 0.25 mg/injection in Freund’s incomplete adjuvant (subsequent
dosage by means of a semi-quantitative duplex PCRNexon injections). Immunoglobulin was isolated using protein
8 was co-amplified with a non-related ge@)SB PCR was A-Sepharose column chromatography, with elution by 100 mM
performed as described befofel) with minor modifications: glycine, pH 3.0, and used for western blots.
0.8uM of PTENprimers and 0.iM of GUSBprimerswereused  Immunoblot analysis was performed as follows: cell lysates
in a 25 cycle PCR. A standard curve of fixed amounts of tom 16 cell lines, 207, B15, BLIN1, BV173, DHL4, DHL7,
PTENdeleted cell line, A172, and?T ENwild-type sample was DHL8, DHL10, HL60, HT, K562, NALM6, RAJI, REH, RS4;11
prepared to simulattTEN dosage of 100, 75, 50, 25 and 0%, asand U937, and BTENdeleted cell line, A172, were prepared by
described1), and included on every PCR. A ratio of densitometricharvesting 1x 10’ cells. After rinsing the cell pellet with
values of each band was obtained for the standard curve and evaingsphate-buffered saline (PBS), it was resuspended pd 400
individual sample using the ImageQuant software (Moleculagxtract buffer (20 mM HEPES pH 8.0, 1% NP-40, 10% glycerol)
Dynamics, Sunnyvale, CA). RTENGUSB ratio of <1:2, supplemented with 2.5 mM EGTA, Oig/ml pepstatin and
corresponding to a loss >50%, was assigned hemizygous deletbbnComplete Protease Inhibitor Cocktail (Boehringer Mannheim,
status. Due to variable levels of admixed normal cells in the DNMdianapolis, IN). Cell lysates were incubated on ice for 10 min.
samples, assignment of the hemizygous deletion status in tBamples were centrifuged at 13 0@§0for 10 min, and
primary tumours would be less precise; therefore, primargupernatants were quantified for protein content by the Bradford
samples were not included in this assay. assay (Sigma, St Louis, MO). Fifty micrograms of whole cell
Further, to confirm the validity of the data obtained with thdysates were mixed with sample buffer (0.125 M Tris pH 6.8, 20%
semi-quantitative assay, the samples were amplified with primegéycerol, 10%3-mercaptoethanol, 4% SDS), boiled for 10 min
recognizing three microsatellite markers within and centromeriand resolved by 10% Tris—glycine SDS—PAGE. The gel was
to PTEN D10S2491(see above)P10S1687and D10S1765 transferred to polyvinylidene difluoride membrane (Bio-Rad,
(http://mvww.gdb.org ), and haplotypes were determined using thdercules, CA) with Tris—glycine transfer buffer and the membrane
GeneScan software (Applied Biosystems) as previously describe@s blocked with Tris-buffered saline containing 0.05% Tween
(23). Due to the high heterozygosity rate of such markers, trend 5% skim milk for 1 h. The membrane was incubated with the
likelihood of a given sample being homozygous for all threTEN antibody diluted 1:1000, followed by a goat anti-rabbit IgG
markers and also for the IVS8+32G/T SNP mentioned abowsnjugated with horseradish peroxidase (Bio-Rad). Detewas
would be <0.08. Therefore, the finding of homozygosity of alperformed by enhanced chemiluminescence (ECL; Amersham).
four markers and BTENdosage of <50% on the semi-quantitative To examine the levels of Akt in each sample, the membranes
assay were considered to represent hemizygous delefIrEdf  were also probed separately with two Akt antibodies according to
the manufacturer’s guidelines (New England Biolabs, Beverly,
Expression analysis MA). One of these antibodies recognizes an activated form of
Akt, phosphorylated at Ser473, while the other is a phosphorylation

, ) , ) tate-independent Akt antibody. The blots were stripped further
RT-PCR PCR using the overlapping cDNA primers describeqih 294 SDS, 0.064 M Tris pH 6.8 afiemercaptoethanol, and

above was performed to determine whether splicing abnormalitigéprobed with a commercially available mouse monoclonal

would result from any intronic or splice site mutation detected ig_t,pulin antibody (T-9026; Sigma) to confirm equal protein
the sequencing analysis. In addition, a duplex RT-PCR WgSading. '

performed in 23 lymphomas and 16 cell lines, in whichPfhieN
transcript was co-amplified with the house-keeping 8088 \jothyiation analysisFour cell lines, HL60, U937, 207 and
PCR conditions were as previously descrikied). DHL10, were treated with the demethylator agent 5-aza

; - '-deoxycytidine at 1, 2, 5 and 1M, for 24-144 h. After
Northern blot Seventeen leukaemia and lymphoma cell Imes2 "
207, B15, BLINL, BV173, DHL4, DHL7, DHLS, DHL10, HL60, splitting, cells were harvested at 24, 48, 96 and 144 h or allowed

K562, NALM6, RAJI. REH, U937, HT and RS4:11. in additionto remain an additional 24 h in media without the drug, and

to a glioblastoma multiforme cell line, AL72, which has a deletiof2rvested a;[]tr?e enltlj IOf this period, as previously deschlkd (
of PTEN (6,7), were used in this assay. Twelve micrograms o NA and whole cell lysates were obtained as described above.

T-PCR using pl6 primers was performed as previously
total RNA were run on an 18% formaldehyde MOPS agarose . . .
gel, transferred to a nylon membrane (Hybond; Amershal ,Ubl'Shed. ﬁ3)' V\.llesk,)tlern blot \.’g'tr:j PTEN :;_mtlbody and. a
Buckinghamshire, UK) and probed wit$2P-labelled 809 bp ¢CMmmercia 3; available p16 antibody (Pharmingen, San Diego,
cDNA fragment spanninBTENexons 5-9. The membrane WasCA) was performed as described above.
then stripped and reprobed with a glyceraldehyde phosphate
dehydrogenase (GAPDH) cDNA probe to control for RNAACKNOWLEDGEMENTS
loading.
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