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PTPROt: An Alternatively Spliced and Developmentally Regulated B-Lymphoid
Phosphatase That Promotes GO/G1 Arrest

By Ricardo C.T. Aguiar, Yoshihiro Yakushijin, Samir Kharbanda, Sanjay Tiwari,
Gordon J. Freeman, and Margaret A. Shipp

Protein tyrosine phosphatases (PTP) regulate the prolifera-
tion, differentiation, and viability of lymphocytes by modulat-
ing their signaling pathways. By using the differential dis-
play assay, we have cloned a putative receptor-type PTP,
which is predominantly expressed in B-lymphoid tissues
(lymph nodes and spleen). This PTP, termed PTPROt (trun-
cated), is a tissue-specific alternatively-spliced form of a
human epithelial PTP, PTPRO (PTPU2/GLEPP1). Whereas the
epithelial PTPRO includes an ~800-amino acid extracellular
domain, the major (3 kb) PTPROt cDNA predicts a unique 5’
untranslated region and truncated (8 amino acids) extracellu-
lar domain with a conserved transmembrane region and
single catalytic domain. PTPROt ¢cDNAs encode functional

~47-kD and ~43-kD PTPs, which are most abundant in
normal naive quiescent B cells and decreased or absent in
germinal center B cells and germinal center-derived diffuse
large B-cell lymphomas. Because PTPROt was predomi-
nantly expressed in naive quiescent B cells, the enzyme’s
effects on cell-cycle progression were examined. When mul-
tiple stable PTPROt sense, antisense, and vector only B-cell
transfectants were grown in reduced serum and synchro-
nized with nocodazole, PTPROt sense clones exhibited mark-
edly increased GO0/G1 arrest. Taken together, these data
implicate PTPROt in the growth control of specific B-cell
subpopulations.

© 1999 by The American Society of Hematology.

HE DEVELOPMENT and function of the immune system unique 3 untranslated region. More importantly, we evaluate
are precisely regulated to guarantee the generation ofhe enzyme’s expression in well-defined normal B-cell subpopu-
protective immune responses while avoiding autoimmunity.lations and show that this PTP, termed PTPROt (truncated), is
This is accomplished by the engagement of cell-surface recepdevelopmentally regulated and implicated in GO/G1 arrest.
tors, which transduce signals to intracellular pathways control-
ling cell differentiation, proliferation, and survival. These MATERIALS AND METHODS
signaling pathways depend on the tyrosyl phosphorylation ofCell Lines, Normal B Cells, and Primary Tumor Specimens
specific cellular proteins Consequences of aberrant lymphoid el fines. Human diffuse large B-cell lymphoma (DLB-CL) cell
tyrosyl phosphorylation include immunodeficiency, autoimmu- jines, DHL-4, DHL-7, DHL-8, DHL-10, and HT, the small cell lung
nity, and/or neoplasia. cancer cell line NCIH345, and the Epstein-Barr virus (EBV)-
Protein tyrosine phosphatases (PTPs) regulate both the&ansformed lymphoblastoid B-cell line Laz 388 were cultured in
amp"tude and t|m|ng of tyrosine phosphory|ati0n_based Signa|RPM| 1640 supplemented with 10% heat-inactivated fetal calf serum
ing events and modulate protein tyrosine kinase-mediated™CS), 2 mmol/L glutamine, 1 mmol/L sodium pyruvate, 10 mmol/L
cellular responsesBecause tyrosyl phosphorylation pathways HEPES buffer, and penicillin/streptomycin.
regulate lymphocyte growth, viability, and effector function

PTPs play critical roles in lymphoid biology. lati ¢ soleni i | | sol
By using the technique of differential displaywe have Isolation of splenic and tonsillar B cells.Normal spleens were
obtained from patients who had no evidence of systemic or malignant

identified a tissue-specific lymphoid PTP that is expressed by

| . B cells but is d d bsent i Piseaseatthetime of surgical resection. Splenic mononuclear cells were
normal naive Cells but Is decreased or absent in NOrMajg,|aa by Ficoll-Hypaque density gradient centrifugation and depleted

germinal center B cells and lymphomas derived from theyt T celis by E-rosetting. Tonsils were obtained from children undergo-

germinal center. This lymphoid PTP is a putative receptor-typeng tonsillectomy and processed as previously descibddnsillar

PTP (RPTP) and an alternatively spliced form of a previouslymononuclear cells were isolated by Ficoll-Hypaque density gradient

characterized epithelial enzyme (PTP-U2/GLEPP, renamedentrifugation and depleted of non-B cells in a magnetic field after
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anti-CD11b (Coulter, Miami, FL) and magnetic beads coated with sheefhybridized with an internal PTPRO oligonucleotide probe. Clones
anti-mouse 1gG (Coultef? The purity of the isolated tonsillar B cells  containing the largest positive inserts were subsequently sequenced.
was greater than 95% as determined by subsequent immunostaining
with anti-CD19 (Coulter). cDNA and Cosmid Library Screening
Isolat!or_l of normal na_lve, germinal centgr, and memory. B C?I.IS' A size-selected (3 to 7 kb) pCDM8 cDNA library from normal
Three distinct subpopulations of normal tonsillar B cells were identified B - -
: ) - . splenic B cell$®> was screened using a PCR-based strategy. In brief,
by triple-color immunofluorescence as previously descriBea brief, . o -
. ; . o . nested PCR reactions were performed with library plasmid DNA as a
tonsillar B cells were stained with biotin-labeled anti-IlgD (Southern ) . .
; - o .~ template and pairs of vector and PTPRO primers. Vector primers
Biotechnology, Birmingham, AL), streptavidin tricolor (Caltag, Burlin- . . ; )
ame, CA), phycoerythrin-conjugated anti-CD38 (Becton Dickinson flanked the pCDMS8 cloning site and PTPRO primers were derived from
g ! » phycoery 119 ’§:ither the original differential display product or thed 5 end of the

San Jose, CA), and ﬂ_uoresceln |so£h|ocyanate—labgled ant-Cb1 conserved PTPRO catalytic domain or the éhd of the extended
(Coulter). Thereafter, naive (CD1SIgD*, CD38"), germinal center ; . A
PTPRO extracellular domain (all primer sequences available upon

(CD19" slgD", CD38"), and memory B cells (Cpl‘93|_gD*,CD3&) ..._request). Resulting PCR products were blotted and hybridized with an
were separately sorted by flow cytometry. After isolation of the specific.

subpopulations, cells were washed in ice-cold phosphate-buffere(qqtemal conserved PTPRO oligonucleotide probe. Thereafter, PCR

saline (PBS) and resuspended in lysis buffer. Thereafter, cell Iysategg?grl:icetss v:cerrgesnh:;glén C:;) geRd :: II)ifci:cF;fig-nd\?v?tlrrl] g;igtorrzia;ci:sesu;itlzr;g
were incubated at 4°C for 1 hour, centrifuged at 14¢0f@® 10 minutes, Y P P ’

. . . . éractionated by gel electrophoresis, blotted, and hybridized with a
and assayed for protein concentration (Protein Assay System, BioRa ‘onserved PTPRO oligonucleotide probe. Clones containing the largest
Richmond, CA). Western blot analysis was performed as describeoC 9 P ) 9 9

below positive inserts were subsequently sequenced. Agridded human chromo-
- . . . some 12 cosmid library (LL12NCO1, UK Human Genome Mapping
Primary tumor specimens.Cryopreserved primary tumor speci- : : ;
. : . Project Resource Center, Cambridge, UK) was screened according to
mens were obtained from patients with DLB-CLs. L : . )
manufacturer’s instructions with a 200-bp probe derived from the
Differential Display PTPROt-specific Suntranslated region.
Differential display was performed as previously describeubrief, DNA Sequencing

total RNAs from primary DLB-CLs, DLB-CL cell lines and normal . . ,
splenic B cells were reverse-transcribed with the T12MC antisense DNA sequencing was performed according to the manufacturer’s

primer. After standardization, resulting cDNAs were amplified with instruc_:tions_ (ABI l_’rism Dye Termin_ator Cycle Sequencing Regdy
T12MC and an arbitrary 10-bp sense primer (TGCTGACCT®)- Reaction Kit, Perkin-Elmer Corporation, Norwalk, CT). Sequencing
labeled polymerase chain reaction (PCR) products were subsequentRfoducts were electrophoresed on a 6% long-range gel (FMC Bioprod-

size fractionated on a 6% polyacrylamide sequencing gel. Thereafteg‘:ts’ Rockland, MD) and analyze_d on an Applied Eiosystems model
the differential display fragment of interest was excised, extracted, 73A automated sequencer (Perkin-Elmer Corporation, Norwalk, CT).

reamplified with the above-mentioned primers, and cloned into the

pCR2.1 vector (Invitrogen, Carlsbad, CA) for further analysis. Semi-Quantitative Duplex Reverse Transcriptase-PCR
(RT-PCR)
Northern Analysis cDNAs were synthesized from primary DLB-CLs, DLB-CL cell lines

Total RNAs from the Laz 388 EBV-transformed lymphoblastoid cell and normal splenic B-cell RNAs as previously descriffe@o control
line and the NCI 345 small cell lung cancer cell line were size for the quantity and quality of input cDNA and the amplification
fractionated in 1% agarose/formaldehyde gels and transferred to nylogfficiency in individual test tubes, PTPROT-specifit EDNA was
membranes as describ&dThese membranes and additional multiple coamplified with cDNA from the constitutively expressed ABL gene.
tissue Northern blots (Clontech, Palo Alto, CA) were hybridized with a PTPROt and ABL primers (PTPROt, sensé6AACCAGCTCCAC-
differential display fragment probe, a probe derived from either the CCAAAT-3" and antisense 'ECTACAATTGTAGGCAGTGGC-3;
PTPROt-specific SUTR or the conserved PTPRO/PTPRO! catalytic ABL, sense 5>CCCAACCTTTTCGTTGCACTGT-3 and antisense

domain orB-actin. 5-CGGCTCTCGGAGGAGACGATGA-3) were derived from differ-
ent exons to avoid amplification of contaminating genomic DNA.
Rapid Amplification of cDNA Ends (RACE) Optimal conditions for the coamplification of PTPROt and ABL cDNAs

. . ... included 1 pmol/L PTPROt and 0.07 umol/L ABL sense and antisense
The 8 RACE PCR was performed as previously described with primers, 200 umol/L dNTPs, and 1.5 mmol/L Mg@h 20-pL volume

minor modifications# In brief, RNA from normal splenic B cells was .
: ) . ) . . .. and 25 cycles. Duplex PCR products were electrophoresed in 2%
reverse-transcribed with antisense oligonucleotides derived from either - ;
. : ; : , agarose gels, blotted, and hybridized to internal PTPROt and ABL
the original differential display product or the€ ®r 5 end of the oligonucleotide probes
conserved PTPRO catalytic domain or the éhd of the extended 9 P . . .
: ) ; The abundance of PTPROLt in a given sample was determined by
PTPRO extracellular domain (all primer sequences available upon . . . -
. . ~.~_comparing the intensity of coamplified PTPROt and ABL PCR products
request). Resulting PTPRO cDNAs were homopolymer-tailed with . . . L
. . . with scanning densitometry. The sensitivity of the duplex PCR was
terminal deoxynucleotidyl transferase and amplified by nested PCR'nitiall determined by adding fixed amounts of (PTPRODLB-CL
The first round of amplification used the previously described standard y Y 9

: ’ - Il line cDNAto (PTPR normal B-cell cDNA to mimic PTPR
RACE 5 ROR1-TTTT and RO sense oligonucleotide priméesnd an cellline ¢ o ( Ot) norma cell ¢ to mimic ) ot
) . . : - - losses of 10% to 100%. When the ratio of PTPROt/ABL signals was
internal antisense oligonucleotide primer derived from the PTPRO

) e ; plotted against the percentage of PTPROLt “lost” in a given sample, the

sequence; a second round of amplification used the previously dex ) ; : o S
b . . ) data yielded a straight line amélvalue of .97, confirming the sensitivity

scribed RACE 5 sense R1 oligonucleotide printérand a second of the assa

internal antisense PTPRO oligonucleotide primer. Resulting/ACE Y-

products were blotted and hybridized with an additional internal . .

PTPRO oligonucleotide probe. Appropriate PCR products were shotgurECR and Southern Blot Analysis of YAC and Cosmid Clones

cloned into the pCR2.1 cloning vector and resulting colonies were YAC clones 952a2, 746al12, 762b12, 802c3, 868c7, 964c10, 916d8,

screened by PCR with m13 primers, size fractionated, blotted, an®29e11, 8472, 826f3, 954910, and 931h4 were obtained from the
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Foundation Jean Dausset-CEPH (Paris, France). Yeast containing theectrophoresis and transferred to PVDF membranes (Millipore, Bed-
individual YACs were grown in AHC medium and DNA was extracted ford, MA). After blocking, the membranes were incubated with the
by using the glass bead methHdPTPROt-containing cosmid clones PTPZ antiserum and horseradish peroxidase-conjugated sheep anti-
(0-114e8, 0-114g2, 0-117a2, 0-181a6, 0-182a6, 0-1101c1l, 0-1153b10,rabbit antiserum (Amersham, Piscataway, NJ) and developed by using
0-1154a12, 0-1220h11, and 0-1260b5) were identified by screening thehe Renaissance enhanced chemiluminescence system (NEN, Boston,
above-mentioned human chromosome 12 cosmid library. Single bacteMA). Thereafter, membranes were stripped and probed with an
rial colonies were grown overnight and cosmid DNA was prepared withantitubulin monoclonal antibody (Sigma) to assure equal loading.
QlAprep plasmid maxi kit (Quiagen, Santa Clarita, CA). YAC and
cosmid DNAs were analyzed by Southern blot and PCR with probesCell Cycle Analysis
and oligonucleotide primers dgn.'ived from the common PTPROU/ Multiple independent stable DHL4 pcDNA3-PTPROt sense, anti-
PTPRO 3end, the PTPROt-specific BTR, or the unique Send of the  gense, or vector-only transfectants were plated in duplicate at 1
PTPRO cDNA (all primer sequences available upon request). 10f/mL in RPMI supplemented with 2% or 10% of FCS. The
microtubule-stabilizing agent, nocodazole (Sigma) (100 ng/mL), was
added to one of the duplicate sets of transfectants at 30 hbAtst8

The PTPROt coding region was amplified from normal splenic B-cell hours (18 hours of nocodazole treatment), cell samples were harvested,
cDNA by RT-PCR and cloned into the pCR2.1 vector. Subsequentlywashed in PBS and fixed in 80% ethanol & 4or 1 hour. Thereafter,
pcR2.1-PTPROt clones were digested witoR| (flanking the insert  propidium iodide (Sigma) staining was used to assess cell cycle
cloning site) and subcloned into the pGEX-5X3 (Pharmacia, Piscatdistribution as describet.
away, NJ) and pcDNAS3 (Invitrogen) expression vectors. PTPROt
cDNAs were specifically synthesized for pGEX and pcDNA3 con- RESULTS
structs by_performing the initial RT-PCR reactions with the indicated |gentification of a Differentially Expressed Lymphoid PTP
forward primers (65 TGGTTACAGAGATGAATCCC 3 [pGEX] and 8
TGTCCCTACGTTCATAGCCGTCT 3 [pcDNA3]) and a common The technique of differential display (see Materials and
reverse primer (SACAATCTGGAAGCAAGGGAG 3). This strategy ~ Methods) was used to identify cDNAs of different abundance in
allowed for the removal of the first ATG from the PTPROt sequence andDLB-CLs and normal splenic B cells. In initial differential
in-frame fusion to GST in the pGEX-PTPROt construct and mainte-displays, the candidate gene was expressed in normal splenic B
nance of the initiation codon in the pcDNA3-PTPROLt construct. cells but was less abundant in a series of primary DLB-CLs and
PCDNAS-PTPRO constructs were cloned in both the sense anq;ngetectable in additional DLB-CL cell lines (data not shown).
antisense orientations. To further characterize the candidate gene, the differential

PTPROt Bacterial and Mammalian Expression Constructs

Generation of GST-PTPROt Fusion Proteins and Analysis of
Phosphatase Activity

A pGEX-PTPROt construct was used to transform Eseherichia
coli strain, DHm (GIBCO-BRL, Gaithersburg, MD). Thereafter, the
PTPROt-GST fusion protein was expressed and affinity-purified by
using glutathione-agarose beads according to manufacturer’s protocols
(Pharmacia). The purified recombinant GST-PTPROt fusion protein
was extensively washed in the PTPase assay buffer (25 mmol/L HEPES,
pH 6.0, 5 mmol/L EDTA, 10 mmol/L 2,3-dihydroxybutane-1,4dithiol).
PTP activity of the recombinant GST-PTPROt protein or GST alone
was measured against 2 phosphotyrosyl substrates, END(pY)INASL
and DADE(pY)LIPQQG, with the Tyrosine Phosphatase Assay System
(Promega, Madison, WI) according to manufacturer’s instructions (100
pmol/L substrate, 0 to 25 ng PTPROt-GST or GST alone, 15-minute
incubation). PTP assays were performed in triplicate in the presence or
absence of 1 mmol/L of the nonspecific PTP inhibitor, sodium
orthovanadate.

‘_‘v—i
e .8
g ©
g £
P =Y
2 m

&4 54kb
<4 30kb

Generation and Analysis of Stable PTPROt Clones

The pcDNA3-PTPROt sense and antisense constructs and vector-
only were transfected into the DLB-CL cell line DHL4, selected with
G418 (Sigma, St Louis, MO) and cloned by limiting dilution as
previously describe# pcDNA3-PTPROt sense and antisense clones
were initially identified by Northern analysis. pcDNA3-PTPROt sense
clones were also evaluated for expression of the PTPROLt protein by Probe: Differential
Western hybridization by using an antisera directed against the murine .
homologue, PTP@ (gift from E.R. Stanley, Albert Einstein College of dlsplay product
Medicine, Bronx, NY). The PTP@ antisera was originally generated . . . .
with a full-length PTP@-GST fusion protein as the immunogen. Fig 1. Northern analysis of transcripts identified by the lymphoid

. - ifferential display product. Total RNAs (20 pg) from an EBV-
In brief, cell lysates of pcDNA3-PTPROL sense, antisense, an(fransformed lymphoblastoid line (Laz388) and a small cell lung cancer

vector-only DHL4 transfeCt_antS were prepared as described abo_v%ell line (NCIH345) were size fractionated, blotted, and hybridized
Thereafter, 75 g of the indicated DHL4 lysates or 3 L of PTPROL in \yith the radiolabeled differential display fragment. The major tran-
vitro translation products (TNT in vitro Translation System, Promega) seripts in the epithelial and lymphoid cell lines were ~5.4 kb and ~3
were size fractionated by sodium dodecyl sulfate-polyacrylamide gekb, respectively.
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aagtaaaaaaatggaagggggaaaaggcaaagtattctgccttccaagttagatagctatctttatgaaaggacatattt
caaaggcaatataaagtctttatggtgctcttacctacctatatttgaattgggggatgett.
agaagaaagaatacacttagtaaattaaattttttttaaaactttgtetttgetcaghaccagetccacccaaateacte
cgcagtgaacaaaacccagacttcagtgac gctgtgggtggaagagggagtagctgatttctttgaagttttetg
tcaacaagttggctccagtcagaaaaccaaacttcaggaaccagttgctgtttcttcccatgtcgtgaccatctccagcc
ttcttcctgccactgcctacaattgtagtgtcaccagctttagccatgacagccccagtgtccctacgttcatagccgtc
M v T E M N P N \Y% \% A I S v L A I L
tcaaca ATG GTT ACA GAG ATG AAT CCC AAT GTG GTA GTG ATC TCC GTG CTG GCC ATC CTT
S T L L I G L L L \' T L I I L R K K H L
AGC ACA CTT TTA ATT GGA CTG TTG CTT GTT ACC CTC ATT ATT CTT AGG AAA AAG CAT CTG
Q M A R E Cc G a G T F v N F A S L E R D
CAG ATG GCT AGG GAG TGT GGA.GCT.GGT.ACA TTT. GTC AAT TTT GCA.TCC. TTA GAG AGG GAT
G K L P Y N W R R S I F A F L T L L P S
GGA AAG CTT CCA TAC BAC TG CGT AGG AGT ATA TTT GCT TTC TTA ACC CTG CTA CCC TCA
éC L W T D Y L L A P Y I N P w S X N G L
STGT CTT TGG ACT GAT TAT CTT TTG GCA TTT TAT ATT AAT CCT TQG AGT AAA AAT GGT TTA
K K R K L T N P v Q L D D F D A Y I K D
AAG AAG AGG AAA CTG ACA AAC CCG GTT CAA CTG GAT GAC TTT GAT GCC TAT ATT AAG GAT
M A K D S D Y K F S L Q F E E L K L I G
ATG GCC AAA GAC TCT GAC TAT AAA TTT TCT CTT CAG TTT GAG GAG TTG AAA TTG ATT GGA
L D I P H F A a D L P L N R c K N R Y T
CTG GAT ATC CCA CAC TTT GCT GCA GAT CTT CCA CTG AAT CGA TGT AAA AAC CGT TAC ACA
N I L P Y D F s R v R L \' S M N E E E G
AAC ATC CTA CCA TAT GAC TTC AGC CGT GTG AGA TTA GTC TCC ATG AAT GAA GAG GAA GGT
A D Y I N A N Y I P G Y N S P Q E Y I A
GCA GAC TAC ATC AAT GCC AAC TAT ATT CCT GGA TAC AAC TCA CCC CAG GAG TAT ATT GCC
T Q G P L P E T R N D F W K M v L Q Q K
ACC CAG GGG CCA CTG CCT GAA ACC AGA AAT GAC TTC TGG AAG ATG GTC CTG CAA CAA AAG
s Q I I ' M L T Q C N E K R R v K C D H
TCT CAG ATT ATT GTC ATG CTC ACT CAG TGT AAT GAG AAA AGG AGG GTG AAA TGT GAC CAT
Y W P F T E E P I A Y G D I T v E M I S
TAC TGG CCA TTC ACG GAA GAA CCT ATA GCC TAT GGA GAC ATC ACT GTG GAG ATG ATT TCA
E E E Q D D W A C R H F R I N Y A D E M
GAG GAA GAG CAG GAC GAC TGG GCC TGT AGA CAC TTC CGG ATC AAC TAT GCT GAC GAG ATG
Q D v M H F N Y T A w P D H G \ P T A N
CAG GAT GTG ATG CAT TTT AAC TAC ACT GCA TGG CCT GAT CAT GGT GTG CCC ACA GCA AAT
A A E S I L Q F v H M v R Q Q A T K S K
GCT GCA GAA AGT ATC CTG CAG TTT GTA CAC ATG GTC CGA CAG CAA GCT ACC AAG AGC AAA
¢ p M 1 [MTTH ¢ 8§ 2 € VvV 6 R T 6¢1r ¥ 1 a L
GGT CCC ATG ATCL@TT CAC TGC_éET GCT GGC GTG GGA_CGG ACA GGélACA TTC ATT GCC CTG
D R L L Q H I R D H E F \ D I L G L v s
GAC AGG CTC TTG CAG CAC ATT CGG GAT CAT GAG TTT GTT GAC ATC TTA GGG CTG GTG TCA
E M R S Y R M S M v Q T E E Q Y I F I H
GAA ATG AGG TCA TAC CGG ATG TCT ATG GTA CAG ACA GAG GAG CAG TAC ATT TTT ATC CAT
Q C \ Q L M W M K K K Q Q F C I S D v I
CAG TGT GTG CAA CTG ATG TGG ATG AAG AAG AAG CAG CAG TTC TGC ATC AGT GAT GTC ATA
Y E N v s K S *
TAC GAG AAT GTT AGC AAG TCC TAG ttcagaatccggagcagtaagtggagaagagctctccacgagtgttca
gtcttagaactattagagggggatgtgatggatgggacaaaagacagcagtagccatttgtattgactetgacttcacat
gagtatttcttcccagctectggectcacatgggtggtcacagggagaaacaagtactgtagcagatctttgagtttcaa
tgcaccttggttggtgttggcaacaaacaggagcttctgcacatcatgatgactttacctccattcectetacccagaac
cctaaattattctgttattggatctgtgectgtaatatcaggatactaccatccaaatctatctagatatcttgtgcaaa
tattttattgattacaagggctgtatacggggttacaaaaagacatgagctggattggacactcctaaaaccaaaaacaa
cagtgacaatagagtctcaggatagcagagtctgaaaataccttggtctcceccattatgtgageccttatttgagaget
tcatgaagacacttgtaacatattcaacgtcctgtactccagttttgactacgagatcagattttggaggtgtaagtaat
cttggctgaggtaacagtaatctgeccatttagttcagtaaacagactgtagagtgtctgactatactgggggaagagga
gccaatgacagggtagggagatgacagtggtgcatgatgggagaatcatgaaagtctgggaagcatatggaccagtggga
aggataggattagcactgcacctctacatccatcaagagagacagagcgcacaatggagcaggaaggataaaaaataaag
aaagacagagacaaacaaatttgctgggagagggaaagacattcagacccacagaaaggaggcagcacacagagaaagat
gcacagatcaacccacatctgcatgggttgtgagactgagcatagtgagagcagtggtggagcaatagaagattgetgtg
acaccaggctgcecttactgtectttctttgtctcattcacaggagaggacatgatgtgecgeccatecteccttgettecaga
ttgttttagtgggccecctgatggtecatttttctaaacagaggecctgetttgtaatatgtggccaaggagataatttatet
cacagaagcaccgggaagacttagccttaaagagectacagtgtcecttttggactectttcacttegggacatttaataat
ggaccaaattcaacagaacaccaggaaggtcaagacgctctccaaagggcaggaagtacagcacttccgaagagtttagt
tggccetttgetggttgggetgagttttttatttttaagtgtttgtttttcagtgcaataatttttgtgtgtgtgtgatt
cttatcagaaagttgaattgttttectgectacacegttcatcagecccataacccaggaaggaacaggcattgttageat
cagattatacctcattattaaaaggaggcatggccacacatgaagaaatggtcattctacttcaaagaaattgagccage
actatctgtactccaacattaccggatctggattgggggaggttggtcagggaagagaggggttctacccacagatcaac
tgtgtaatcttttactattcaagctataattcagcttcaaagtagagtagaaaaaaaattgtcttaactgttctagttct
tgatggttttcttecttattaacagttggtgtttcettecttggeccttttggactaatgttactgtccaagttetttcte
aagaaaccacatctggttcagaagagtgtcaagttggactctttgaactctgttgetgtctgagcaategtggtgectag
actttgcattcecttgttectgttgacctgecatacatgtgagagctatttctttaagaactatataggectgtgaaaacgcac
tttcttteccccaaagagetgggaatttatgaagttatggecaatgaactgecagecatgetgggacaattatttgactactt
ttttttgtaatattgtcaaatgtctctatggattctgacagagatttetttttgttttgttattettttggttgtecagtt
tcattttaacgagtgtaactagtaacattttattctttggattttgtataattacagtacatgattgtgtattgtgacat
gaatgctgtcaaaatgacattgatggcattgtgaagectgttactttgtgtcacttcctgataaataagaggtgatgaca
tggatatacaacagaaaacactttgagttgaaagtaaacacaagctggctgecttcectgtggecaactgtgg

AGUIAR ET AL

Fig 2. The nucleotide se-
quence and deduced amino acid
sequence of PTPROt. The PTPROt
5" and 3’ UTRs are represented
by lowercase letters. The PTPROt-
specific 5° UTR sequence (217
bp) is outlined with a heavy bor-
der. The PTPROt putative initia-
tion ATG is underlined and indi-
cated in boldface type. The
conserved PTPROt transmem-
brane region (aa 9 through 33) is
underlined. The previously char-
acterized, conserved alterna-
tively spliced juxtamembrane se-
quence (nucleotides 680 to 763,
aa 66 to 93) and the catalytic
domain signature motif (IHC-
SAGVGRTG, aa 323 to 333) are
outlined. The stop codon (nucle-
otides 1702 to 1704) is under-
lined and indicated in boldface
type. The ~1-kb 3’ UTR sequence
(nucleotides 1721 to 2751), which
is retained in ~4.1-kb PTPROt
transcripts and spliced out of
~3-kb PTPROt transcripts, is also
underlined. In multiple overlap-
ping clones, 2 nucleotide differ-
ences were observed in com-
parison to published PTPRO
sequences. Nucleotide 717 was
found to be a C rather than an A
and nucleotide 740 to be a T
rather than C; resulting triplets
encode the same amino acid
(proline aa 77) or leucine rather
than proline (aa 85). These se-
quence data are available from
GenBank under accession no.
AF152378
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Initiation of s
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codon
Stop
PTPROt 7772 N7~
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8aa ECd in =% Cytopl icd
Fig 3. Comparison of the cDNAs and proteins
encoded by PTPROt and PTPRO. The conserved
portions of the 8-aa PTPROt and 820-aa PTPRO PTPRO Intron
extracellular domains are represented with identical Start e f/m
shading; the unique portion of the PTPRO extended codon )
extracellular domain is separately noted. The se- o |
quence, which serves as the unique 5 UTR of PTPRO L B /ﬁ-’;“?”"] -
PTII’ROt and also functions as an _intron_wr.lich is i R
spliced out the larger PTPRO cDNA, is also indicated. ~ ™ T UTR
Conserved transmembrane and cytoplasmic do- L
mains and the 3’ UTR are also noted. 820 aa EC domain Cytoplasmatic domains

display product was isolated, sequenced, and found to béhe conserved (PTPRO) transmembrane and cytoplasmic do-
identical to the BUTR of a previously characterized epithelial mains (Figs 2 and 3). The human PTPROt uniqueU3R

PTP, PTPRO:>*When the differential display product was used sequence is homologous to the partially characterized murine
as a probe in Northern analysis, the previously describedTP@ B3 sequencé,suggesting that PTPROt is the human
~5.4-kb PTPRO transcript was detected in an epithelial cellhomologue of the murine enzyme.

line (Fig 1); in contrast, smaller=3-kb major and~4.1-kb Analysis of the PTPRO/PTPROt genomic clones indicated
minor transcripts were identified in a B-lymphoblastoid cell line that the unique 5UTR of PTPROLt also functions as an intron,
(Fig 1). These data raised the possibility that the B-lymphoidwhich is spliced out of the larger PTPRO cDNA (Fig 3). This
differential display product was derived from an alternatively sequence contains the requisite mammalidnsglice site

spliced version of epithelial PTPRO. consensus sequence with a polypyrimidine tract and the abso-
. ) ) lutely conserved AG dinucleotide (Fig 2; nucleotides 202 to

The Lymphoid PTP Is an Alternatively Spliced PTPRO 217)

V\,ﬁth a Trurllcat(;ad Ex_tracellular Domain and a Unique The 3 UTR sequence (nucleotides 1721 to 2751), which is

5 Untranslated Region spliced out of the majox=3-kb PTPROt cDNASs but retained in

To fully characterize the lymphoid PTPRO cDNA, BACE the less abundant=4.1-kb PTPROt cDNAs, also contains
was performed by using normal splenic B-cell RNA as arequisite 3 and 3 splice site consensus sequences (nucleotides
template. In addition, a normal splenic B-cell cDNA library was 1721 to 1722 and 2750 to 2751, respectively). The PTPROt 3
screened for PTPRO-related cDNAs. Multiple independentgenomic structure contains no intronic sequences flanking
cDNA clones were derived with these complementary ap-nucleotides 1721 to 2751, indicating thisl-kb 3 UTR
proaches; these clones contained a conserved PTPRO transmesequence is likely to represent an alternatively retained intron
brane region (nucleotides 511 to 585, amino acid [aa] 9 to 33Yather than a classical alternatively spliced eXon.
and cytoplasmic domain (nucleotides 586 to 1701, aa 34 to 405) The PTPRO gene locus was previously mapped to chromo-
with the characteristic signature motif (IHCSAGVGRTG, aa some band 12p13. To refine the mapping of the PTPRO/ROt
323 to 333) and 3untranslated region (Fig 2). Approximately |ocus within this area, we further analyzed a series of YAC
50% of these cDNA clones also contained a previously characclones assigned to this region (www.cephb.fr/ceph-genethon-
terized alternatively spliced sequence (aa 66 to 93, nucleotidegap.html). The PTPRO/ROt locus mapped to YAC 931h4
680 to 763) in the juxtamembrane cytoplasmic domain (Fig(D1251728), which is located approximately 37 centiMorgans

2)48 The ~3-kb PTPROt 3 UTR included only nucleotides (cM) from the top of the chromosome 12 linkage group and
1702 to 1720 and 2752 to 4062, whereas#he1-kb PTPROt  centromeric to the smallest region of overlapping 12p13

3’ UTR contained nucleotides 1702 to 4062 (Flg 2) deletions in hemat0|ogic ma”gnanci@s_

The human lymphoid PTPRO cDNA sequence diverged from
that of the human epithelial PTPRO 293 bp upstream of the . . .
conserved transmembrane domain (Figs 2 and 3) and containdd! - ROt Is Primarily Expressed in B Lymphocytes
a novel 217-bp 5sequence with multiple stop codons, which  To determine whether PTPROL is transcribed in a tissue-
truncate its predicted reading frame (Figs 2 and 3). For thesspecific manner, probes derived from the unique PTPROLt 5
reasons, the differentially expressed lymphoid PTP was termedntranslated region and the conserved catalytic domain were
PTPROt (truncated). The PTPROt start codon is likely to be thehybridized with Northern blots containing RNAs from lym-
first ATG that is located 24 bp upstream of the transmembranghoid and epithelial cell lines (Fig 4A) and multiple normal
region and contains a good Kozak consensus start site. Ther&tuman organs and cell types (Fig 4B). As indicated in Fig 4A,
fore, the PTPROt cDNAs predict a uniqué Bntranslated the PTPROt-specific ‘5probe identifies the major=3-kb
region and a truncated 8 aa extracellular domain in addition tdB-lymphoid PTPROt transcript but not the larger epithelial
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Fig 4. Northern analysis of
' PTPROt and PTPRO transcripts
in cell lines and multiple human
organs and cell types. (A) North-
ern analysis of epithelial and lym-
Probe: PTPROt Common phoid cell lines. Total RNA (20
H'H H rg) from the EBV-transformed
S[I)eCIfIC catalytlc lymphoblastoid line, Laz 388,
5 UTR domaln and the small cell lung cancer

cell line, NCIH345, was blotted
and hybridized with a unique
PTPROt 5’ UTR probe (left panel)
or a probe derived from the con-
served catalytic domain (right
panel). The unique PTPROt 5’
UTR probe recognizes only the
lymphoid transcript, whereas the
common catalytic domain probe
identifies both isoforms. (B)
Northern analysis of RNAs from
multiple human organs and cell
types. Blots were hybridized with
a unique PTPROt 5’ UTR probe
(top panel) or a probe derived
from the conserved catalytic
domain (middle panel). The ma-
jor =~3-kb and =~4.1-kb minor

! PTPROt transcripts hybridized
] with both the PTPROt-specific 5’
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Skel. muscle
Fetalliver
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Spleen
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#%  Lymphnode

Probe
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~ " Spleen

PTPROt 41-
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5'UTR

54—
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probe (top panel) and the com-
mon catalytic domain probe
(middle panel). The larger (~5.4
kb) epithelial PTPRO transcripts
in brain and kidney only hybrid-
ized with the common catalytic
domain probe (middle panel).

. The filters were also hybridized
ﬁ-actln with B-actin (bottom panel) to
confirm equal loading.

~5.4-kb PTPRO transcript. In contrast, the conserved catalyticeadily detectable in B-lymphoid organs such as the spleen and
domain probe identifies both the B-lymphoid PTPROt and thelymph node, little PTPROt was found in organs or specimens
larger epithelial PTPRO transcripts (Fig 4A). containing higher percentages of T lymphocytes, lymphoid
The major=3-kb and minor=4.1-kb PTPROt transcripts progenitors, and other hematopoietic cells (thymus, peripheral
were primarily detected in normal organs containing largeblood lymphocytes, bone marrow, and fetal liver; Fig 4B, top
numbers of B lymphocytes, such as spleen and lymph node (Figanel). Faint PTPROt transcripts were, however, detected in
4B). Although both of these PTPROLt transcripts hybridizedlung and placenta (Fig 4B, top panel).
with the PTPROt-specific’Jrobe (Fig 4B, top panel), only the As expected, PTPROt lymphoid transcripts were also de-
~4.1-kb PTPROt transcripts hybridized with a probe derivedtected with a probe derived from the common catalytic domain
from the alternatively retained TR sequences (nucleotides (Fig 4B, middle panel). This common catalytic domain probe
1721 to 2751 [Fig 2]; data not shown). The3-kb and=4.1-kb also identified the previously describeeb.4-kb PTPRO tran-
PTPROt mRNAs have the saméBTR and encode identical scripts in normal human brain and kidney (Fig 4B, middle
proteins; however, the-4.1-kb transcript contains additiondl 3 panel)*® Taken together, these data indicate that alternatively
UTR sequence (nucleotides 1721 to 2751) that is not present ispliced PTPRO transcripts are expressed in a tissue-specific
the=3-kb transcript. manner and that PTPROt is primarily expressed in B-lymphoid
Although =3-kb and =4.1-kb PTPROt transcripts were organs.

I
[ 3 WS |
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Normal

LB-
DLB-CL B-cells

Primary tumors Cell lines

Contal -......-.zq

PTPROt .

Fig 5. Semiquantitative duplex RT-PCR analysis of PTPROt in
primary DLB-CLs, DLB-CL cell lines and normal splenic B cells. Five
primary DLB-CLs, 4 DLB-CL cell lines (DHL-4, DHL-7, DHL-8, and
DHL-10), and normal unsorted splenic B cells from 2 donors were
analyzed for PTPROt expression by semiquantitative duplex RT-PCR.
The abundance of PTPROt in a given sample was determined by
comparing the intensity of coamplified PTPROt and ABL PCR prod-
ucts.

To more specifically quantify PTPROt transcripts in normal
B cells and additional DLB-CL primary tumors and cell lines, a
PTPROt semiquantitative duplex RT-PCR was developed (Sef)HL-4 PTPR
Materials and Methods). The abundance of PTPROLt in a giveq)f the expect
sample was determined by comparing the intensity of coampli
fied PTPROt and control (ABL) PCR products (Fig 5). In this
sensitive semiquantitative assay, PTPROt transcripts were readif
detected in normal unsorted splenic B cells; in marked contras
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Fig 6. Western analysis of PTPROt proteins, human homologues
of murine PTP@. PTPROt cDNAs, which included or lacked bp 680 to
763 from the juxtamembrane region (PTPROt,,,g; and PTPROt,o,4s),
Fig 2) were in vitro translated, immunoblotted and analyzed with an
antiserum directed against the putative murine homologue of
PTPROt, PTP@.8 Cell lysates from DHL-4 cells transfected with vector
only, pcDNA3-PTPROtg;sense, or pcDNA-PTPROtsantisense were
similarly immunoblotted and analyzed. As indicated, the predicted
~47-kD and 43-kD PTPROt,; and PTPROt;, proteins were readily
detectable in in vitro translations of PTPROt sense cDNAs and absent
in in vitro translations of PTPROt antisense cDNAs. In the in vitro
translated products, the less intense bands running ~4 kD lower than
the major proteins are likely to result from the use of a second start
codon (nucleotide 604) with a strong Kozak consensus sequence.
DHL-4 PTPROt;gsense transfectants also expressed high levels of
the expected ~43-kD protein, which was not detected in DHL-4
PTPROtgjantisense transfectants. (The PTPJ antisera also identified
~70-kD proteins of uncertain significance in all [vector-only, anti-
sense, sense] DHL-4 clones.) The filters were also probed with an
antitubulin antibody to assure equal loading.
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PTPROt transcripts were undetectable in the DLB-CL cell lines
and absent or decreased in the majority of examined primary
DLB-CLs (Fig 5).

PTPROt Encodes an Active PTP

To further characterize the proteins encoded by PTPROt,
PTPROt cDNAs, which included or lacked bp 680 to 763, from
the juxtamembrane region (PTPRQjy and PTPRQtors)

Fig 2) were in vitro translated, immunoblotted, and analyzed
with an antiserum directed against the putative murine homo-
logue of PTPROt, PTP@.Cell lysates from DHL-4 cells
transfected with vector only, pcDNA3-PTPR&gense, or
pcDNA-PTPROg antisense were similarly immunoblotted and
analyzed. As indicated in Fig 6, the predictedt7-kD and
43-kD PTPRQ{; and PTPRQg; proteins were readily detect-
able in the in vitro translations of PTPROt sense cDNAs and
absent in the in vitro translations of PTPROt antisense cDNAs.
Ofgjsense transfectants also expressed high levels
ea=43-kD protein that was not detected in DHL-4
PTPROjgantisense and vector-only transfectants (Fig 6). Taken
ogether, these data confirm that PTPRO&and PTPRQY
¢DNAs encode the predicted47-kD and 43-kD proteins and
Ehat these proteins are the human homologues of murine BTPJ.

To assess the functional activity of the encoded PTPROt
proteins, a recombinant PTPROt-GST fusion protein was
synthesized for use in a classic phosphatase assay. As shown in
Fig 7, PTPROt-GST dephosphorylated the synthetic phospho-
tyrosyl substrate, END(pY)INASL in a concentration-depen-
dent manner; this tyrosine phosphatase activity was markedly
decreased by the addition of the PTP inhibitor, sodium orthovana-
date. Similar results were obtained by using a second synthetic
phosphotyrosyl substrate, DADE(pY)LIIPQQG (data not
shown). As expected, the control GST protein had no detectable
phosphatase activity (Fig 7).

PTPROLt Expression Differs at Discrete Stages of B-Cell
Differentiation

After confirming that PTPROt encodes47-kD and 43-kD
proteins with tyrosine phosphatase activity, we further exam-
ined the enzymes’ expression in functionally discrete normal
B-cell subpopulations. To accomplish this, normal tonsillar B
cells were immunophenotyped with antibodies directed against
CD19, surface IgD, and CD38 and sorted into highly purified
naive (CD19 slgD" CD38"), germinal center (CD19slgD~
CD38"), and memory (CD19slgD~ CD38") B-cell subpopu-
lations. Thereafter, these functionally discrete B-cell subpopula-
tions were immunoblotted and analyzed with the previously
described PTP@ antiserum.

As indicated in Fig 8, PTPROt was most abundant in naive B
cells with markedly reduced levels in germinal center B cells
and slightly higher levels in memory B cells X4naive, 1X
germinal center, 14 memory B cells by scanning densitom-
etry). These marked differences in PTPROt expression indicate
that the enzyme is developmentally regulated during B-cell
differentiation. In addition, the data suggest that DLB-CLs may
express low levels of PTPROt (Fig 5) because these tumors are
derived from the germinal center.

20z aunr g0 uo 3sanb Aq Jpd €0vZ/7078591/€0¥Z/L/¥6/Pd-BloE/PO0|q AU SUOHEDIIgNdYSE//:d}Y WOy papeojumog



2410

0.5
0.45 -

absorbance 595 nm

0 25 5 10 15 20 25
protein (ng)

Fig 7. PTPROt encodes an active tyrosine phosphatase. The
enzymatic activities of the PTPROt-GST fusion protein alone (A),
PTPROt-GST in the presence of 1 mmol/L sodium orthovanadate (H),
and GST alone (®) were measured using the synthetic phosphotyro-
syl substrate, END(pY)INASL. PTPROt-GST dephosphorylated the
indicated substrate in a concentration-dependent manner; PTPROt
phosphatase activity was also markedly reduced in the presence of
the PTP inhibitor, sodium orthovanadate. The control GST protein
has no detectable phosphatase activity. The data are expressed as the
mean = SD from 3 independent assays.

PTPROLt Expression Promotes GO/G1 Growth Arrest

AGUIAR ET AL

tants were cultured in the presence or absence of the microtubule-
stabilizing agent, nocodazole, which synchronizes the cells in
G2-M.

Figure 9 depicts a representative analysis of 2 independent
stable PTPROLt sense, antisense, and vector-only transfectants
grown in 2% serum with or without nocodazole. When PTPROt
sense, antisense, and vector-only transfectants were grown in
10% serum (data not shown) or in 2% serum in the absence of
nocodazole (Fig 9, left panel), there were no significant
differences in cell cycle distribution. However, a large propor-
tion of PTPROLt sense, antisense, and vector-only transfectants
were already in GO/G1 under these conditions, making it
difficult to detect changes in GO/G1 arrest.

For these reasons, the sensitivity of the assay was increased
by synchronizing the cells in mitosis with nocodazole. Because
nocodazole-treated cells arrest in G2-M and do not exit mitosis,
changes in the GO/G1 phase of cell cycle are more obvious.
When PTPROt antisense or vector-only transfectants were
treated with nocodazole, the GO/G1 portion of the cycle was
greatly diminished and only 6% to 12% of the cells remained in
GO0/G1 (Fig 9, right panel). In marked contrast28% of
nocodazole-treated PTPROt sense transfectants remained in
GO0/G1 (Fig 9, right panel). These data indicate that the
overexpression of PTPROt imposes a block in cell cycle
progression at GO/G1 (Fig 9, right panel).

DISCUSSION

The fact that PTPROt was more abundant in quiescent naive By using the technique of differential display, we have
B cells than in germinal center B cells prompted us to assess thgjentified a tissue-specific PTP that is expressed by normal
enzyme’s effects on cell cycle progression. To accomplish thisquiescent naive B cells but is decreased or absent in normal
multiple independent PTPROt sense, antisense, and vector-onb/erminw center B cells and lymphomas derived from the
DHL-4 transfectants were plated in 2% or 10% serum; transfeCyerminal center. This PTP, termed PTPROL, is an alternatively

Unsorted Tonsil
Germinal Center

Memory

Naive

47 kDa
- W L e —
43 kDa

PTPROt

: | cmssamne ctlesse SREREET
otubulin = ee—

Fig 8. PTPROt expression in normal naive quiescent, germinal
center, and memory B cells. Whole-cell lysates (75 p.g) from unsorted
tonsillar B cells and highly purified naive (CD19+ sigD+ CD38-),
germinal center (CD19* slgD- CD38+), and memory (CD19+ slgD-
CD38") B cells were immunoblotted and analyzed with the antiserum
directed against the murine PTPROt homologue, PTP@. The abun-
dance of PTPROt in naive, germinal center, and memory B cells was
compared by scanning densitometry. Autoradiograms were scanned
with a CCD camera linked to a frame grabber (Alpha Imager 2000;
Alpha Innotec Corp, San Leandro, CA) and band intensities were
quantified by using Image Quant Software (Molecular Dynamics,
Sunnyvale, CA). The filters were also probed with an antitubulin
antibody to assure equal loading.

spliced form of the epithelial enzyme, PTPRO (previously
named PTPU2/GLEPP1§.The 2 proteins differ exclusively in

the length of their extracellular domains. Whereas PTPRO
encodes an enzyme with a long extracellular domain rich in
fibronectin type-lli-like motifs, PTPROt contains a truncated
8-aa extracellular region. The transmembrane region and single
intracellular catalytic domain are identical in PTPRO and
PTPROLt. Consistent with this observation, the truncated lym-
phoid isoform also encodes a fully functional protein tyrosine
phosphatase.

Detailed molecular analyses of human PTPROt cDNAs and
genomic clones indicate that the PTPROt-specificlaR
functions as an intron in the epithelial PTPRO. The PTPROt-
specific 3 UTR is spliced out of the longer PTPRO cDNA; in
contrast, the 3 end of this sequence is transcribed in a
tissue-specific manner in the truncated lymphoid transcript. In
addition, sequences upstream of the PTPRQIBR contain a
canonical TATA box and several putative transcription factor
binding sites, suggesting that this region may include tissue-
specific PTPROt regulatory elements (R. Aguiar and M. Shipp,
unpublished data, January 1999).

PTPROt and PTPRO are the human members of a newly
identified family of receptor-type PTPs with tissue-specific
extracellular domains and a common transmembrane region and
single catalytic domain. Homologues of human PTPRO with
extended extracellular domains have been identified id?rat,
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Fig 9. Cell-cycle analysis of
PTPROt sense, antisense, and
vector-only B-lymphoid transfec-
tants. Two representative stable
PTPROt sense, antisense, and
vector-only DHL-4 B-lymphoid
transfectants were cultured in
2% serum in the presence (right)
or absence (left) of the micro-
tubule-stablizing agent, noco-
dazole. When PTPROt sense,
antisense and vector-only trans-
fectants were grown in 2% se-
rum in the absence of noco-
dazole, there were no significant
differences in cell-cycle distribu-
tion (left panel). When PTPROt
antisense or vector-only transfec-
tants were treated with noco-
dazole, the GO/G1 portion of the
cycle was greatly diminished and
only 6% to 12% of the cells re-
mained in G0/G1 (right panel). In
marked contrast, ~28% of noco-
dazole-treated PTPROt sense
transfectants remained in GO/G1
(right panel).
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rabbit® and chicker?® More recently, PTPRO isoforms with macrophage; PTP-oc was also expressed at low levels in the
incompletely characterized truncated extracellular domains havepleen” Among human organs and cell types analyzed to date,
been identified in rabbitand mous&and termed PTP-oc and PTPROt transcripts are most abundant in the spleen and lymph
PTP@, respectively. Our data indicate that PTPROLt is thenode, detectable in placenta and lung, and far less abundant in
human homologue of murine PTPQ.
Of interest, murine PTPQ was originally identified as a rabbit homologues, itis possible that human pulmonary PTPROt
primary macrophage product, which was also expressed at lowanscripts are derived from contaminating alveolar macro-
levels in the spleefdThe presumed rabbit PTPROt homologue, phages rather than bronchial epithelium. Further studies will be
PTP-oc, was isolated from osteoclasts, a specialized type afeeded to characterize PTPROt expression in additional human

other tissues. Given the tissue distribution of the murine and

20z aunr g0 uo 3sanb Aq Jpd €0vZ/7078591/€0¥Z/L/¥6/Pd-BloE/PO0|q AU SUOHEDIIgNdYSE//:d}Y WOy papeojumog



2412 AGUIAR ET AL

hematopoietic cells and in the B-lymphoid organs and cell typesproteins®2 Recent data suggest that other phosphatases also
from other species. Nevertheless, the PTPRO/PTPROt isoformiglock S-phase entry or induce apoptosis in specific set-
identified thus far exhibit a high degree of evolutionary tings1%26:27.33-35For these reasons, it is not surprising that
conservation, suggesting that this phosphatase family haBTPROtand PTPRO may mediate growth arrest and/or apopto-
important unique functions. sis in distinct cell types under specific conditions.

The prominent expression of PTPROt in human B-lymphoid The regulated expression of PTPROt in specific B-cell
organs prompted us to assess PTPROLt levels in functionallgubpopulations and the enzyme’s effects on GO/G1 arrest
discrete B-cell subpopulations. PTPROt was most abundant isuggest that PTPROt may have an important role in B-cell
naive B cells with markedly reduced levels in germinal center Bsignaling. It is possible that PTPROt dysfunction may also lead
cells. The relevance of this result is 2-fold. First, becauseto the abnormal proliferation of specific B-cell subsets and
germinal center B cells include the normal counterpart of mostattendant consequences. For these reasons, the identification of
DLB-CLs, these lymphomas may express litte PTPROt as & TPROt in vivo substrates and coassociating molecules and the
consequence of their germinal center origin rather than maligdevelopment of informative PTPROt-deficient murine models
nant transformation. Second, the stage-specific differences iwill be of interest.

PTPROLt expression in naive and germinal center B cells

suggest that the enzyme may have a specific role in quiescent ACKNOWLEDGMENT
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