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Allelic loss on chromosome 4.yr2/TLSR5) is associated with myeloid,

B—lympho-myeloid, and lymphoid (B and T) mouse radiation-induced leukemias

Helen Cleary, Emma Boulton, and Mark Plumb

The CBA/H mouse model of radiation-
induced acute myeloid leukemia (AML)
was re-examined using molecular ap-
proaches. In addition to the typical promy-
elocytic AMLs, 34% were reclassified as
early pre-B lympho-myeloid leukemias (L-
ML) based on leukemic blood cell mor-
phology, immunoglobulin heavy-chain
gene re-arrangements ( IgHR), or expres-

sion of both lymphoid ( Vpre-B1 and Ragl)

and myeloid (myeloperoxidase and ly-
sozyme M) genes. Allelic loss on chromo-
some 4 was frequently detected in AMLs

(53%) and L-MLs (more than 95%), and
the preferential loss of the maternally
transmitted allele suggests the locus may
be imprinted. A minimally deleted region
(MDR) maps to a 3.4-cM interval, which is
frequently deleted in radiation-induced
thymic lymphomas (TLSR5) and contains
a recessive, maternally transmitted ge-
netic locus ( Lyr 2) that confers resistance
to spontaneous and radiation-induced
pre-B and T cell lymphomas, suggesting
they are one and the same. Thus, the
Lyr2/TLSR5 locus is frequently impli-

cated in myeloid, lymphoid (B and T), and
mixed-lineage mouse leukemias and lym-
phomas. Epigenetic inactivation of one
Lyr2/TLSR5 allele during normal mouse
development suggests that only a single
hit is required for its inactivation during
leukemogenesis, and this may be a signifi-
cant contributing factor to the efficiency
of the leukemogenic process in the
mouse. (Blood. 2001;98:1549-1554)
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Introduction

Genetic alterations that interfere with terminal differentiation arallelic loss on chromosomes 4, 11, 12, 14,16, and 19 has been
key events in the evolution of many leukemias. Most spontaneoteported in radiation-induced thymic lymphomas, though the
human acute leukemias exhibit specific chromosomal transloggenetic background of the irradiated mice may influence allelic loss
tions that result in either the enforced expression of an oncogeneoarspecific chromosomés?
the fusion of genes normally involved in the control of hemopoietic The diagnosis of radiation-induced leukemia/lymphoma in the
differentiation! Unlike the oncogenic gain-of-function geneticmouse does not follow the strict criteria used to diagnose human
alterations observed in spontaneous leukemias, radiation-indutéeakemia. For example, the appearance of metamyelocytes with a
leukemias in mouse and humans exhibit chromosomal?2¥ss, thick ring-shaped nucleus in the leukemic blood is characteristic of
suggesting that tumor-suppressor gene loss of function has a roleniouse AML}? though subclassifications have been propdséd.
maturation arrest in radiation-induced hemopoietic malignanciesHowever, immunophenotype and immunogenotype analyses of
Although radiation-induced leukemias in humans are predomeukemias that arose in X-irradiatdgu—BCL-2 transgenic mice
nantly myeloid, both radiation-induced acute myeloid leukemiagvealed early B lympho-myeloid leukemia (L-Mt)that might
(AMLs) and lymphomas have been described in the médse. have been diagnosed as AML if leukemic blood cell morphology
Loss of function of thelkaros gene, which is required for the was the sole criteria used. TEg—BCL-2 L-MLs were attributed to
development of all lymphoid lineages, has been observed in mouke inhibition of apoptosis by BCL-2 in the normally highly
radiation-induced thymic lymphomf&s-evidence to support a role radiosensitive pre-B cells, yet they arose in a predominantly
of loss-of-gene function in maturation arrest. However, inactiva&SBA/H genetic backgroun#,and inbred CBA/H mice are suscep-
tion of thep15NK4b cyclin-dependent kinase inhibitor multitumor-tible to radiation-induced AML1213
suppressor gene by allelic loss and promoter methylation has alsoTo determine whether the generation of radiation-induced
been detected in radiation-induced thymic lymphomas (but nbtML was dependent on the anti-apoptotic effects of BeL-2
myeloid leukemias), indicating that loss-of-gene function resultingansgene in B cell precursor cells and to test the possibility that
in genetic instability plays a role in lineage-specific multistagesome radiation-induced AMLs had been misdiagnosed, we re-
radiation lymphomagenesis?® Furthermore, despite the fact thatexamined a panel of mouse leukemias diagnosed as AML by blood
an identical or a similar initiating event is responsible for theell morphology. Two thirds were typical AMLs, and one third
induction of the different mouse radiation-induced hemopoietizere early pre-B lympho-myeloid leukemias similar to the radiation-
malignancies, allelic loss or tumor-suppressor gene inactivatiomduced Eu-BCL-2 L-MLs.!* The radioprotective effect of the
appears to be largely leukemia/lymphoma-specific: chromosom®gZL-2 transgene is therefore not essential to generate this type of
deletions are characteristic of radiation-induced mouse AMLs, antxed-lineage leukemia in vivo. Allelic loss on chromosome 4 was
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Table 1. Leukocyte distribution in the peripheral blood of normal and PU12 Vpre-BL (nucleotides 320-866Y, and Ragl (nucleotides 207-
leukemic mice 18965 cDNA probes. Normal bone marrow and thymus were used as
White blood cell count (%) positive controls forVpre-B1and Ragl, respectively (data not shown).

Leukemia subclass Equivalent RNA loading was confirmed by ethidium bromide staining or

Cellype Nb‘l’;‘;‘j' A 5 c 5 hybridizations with gl'utathione peroxida%‘i‘;‘Probes_ were labeled with

[«-32P]-dATP (3000 Ci/mmol; Amersham Pharmacia Biotech, Amersham,

Neutrophil ~25 — <2 <2 — United Kingdom) using the Random Prime Labeling Kit (Life Technolo-

Metamyelocyte — 0-3  ~60-70 1520 — gies, Paisley, United Kingdom). Blots were quantitated using a Bio-Rad

Myelocyte — <2 ~3040 ~10 <23 Molecular Imager FX (Bio-Rad Laboratories, Hemel Hempstead, Bucks,

Myeloblast — 20-40 ~5 ~2 <1 United Kingdom).

Blast — 60-70 <5 ~2 <1

Eosinophil ~05 — — — —

Monocyte/macrophage ~2 — <1 50-60 80-90

Lymphocytic 60-66 — ~5 ~5 ~5 ReSUItS

Leukemia subclass incidence (%) 19.9 43.7 27.8 8.6 Leukemia presentation

(no. leukemias diagnosed) (n=39) (n=85) (n=54) (n=17)

AML diagnosis in the mouse relies predominantly on an increased

white blood cell count and the appearance of immature myeloid
frequently detected in both L-MLs (more than 95%) and AMLge|is in the peripheral bloot:1327 Leukemic cells infiltrate the
(approximately 50%), as it was in theu-BCL-2 L-MLs.** A gpjeen, resulting in splenomegaly, and may be detected in the bone
3.4-cM minimally deleted region (MDR) on chromosome 4 mapgarrow, though bone marrow failure is common. Healthy mouse
to an interval frequently deleted in radiation-induced thymigeripheral blood predominantly contains neutrophils and lymphoid
lymphomas (thymic lymphoma-suppressor region 5, TLSRE}  ce|is (Table 1), and the relative proportion of these cells decreases
also contains the recessive maternally transmitted lymphorggynificantly in myeloid leukemias. As illustrated in Table 1, the
resistance 2L{yr2) locus.Lyr2 confers resistance to spontaneougistribution of the different immature myeloid cells in the mouse
and radiation-induced pre-B and T cell lymphomas/lymphocytigkemias allows them to be further subclassified (&®)n a
leukemiasi>” suggesting that the imprinted locus is involved iNnanner that in some respects is analogous to the French—American—
most mouse spontaneous and radiation-induced hemopoietic magigitish (FAB) classification of human leukemic bone marrow. In a
nancies, either as a tumor-suppressor gene or a susceptibili§ygdy involving 1310 X-irradiated mice, 195 myeloid leukemias
resistance locus. were diagnosed, and the relative incidence of each leukemia

subclass is shown in Table 1.

Materials and methods Leukemia immunogenotype

Leukemic spleen DNA samples were immunogenotypeddbér
andTCR gene rearrangements. Although all the leukemias had a
CBA/H and C57BL/6 mice were from the Harwell COIOny. Elght— to lz-Week-Ol@ermline TCR.B gene Conﬂguratlon'r(cR.BG, data not Shown),
CBA/H (n = 138), (CBA/HX CS7BL/)FL (n=89), F1x CBAMH (n =827), 3494 hadlgH gene rearrangementigtR; Figure 1and data not
F1x C57BL/6 (n= 114), and FI< F1 (n= 142) mice were exposed toas'ngleﬁhown)- The relative proportions ¢§H® and IgHR leukemias in
acute dose of 3.0 Gy x-radiation at 0.5 Gy/min (constant potential, 250 kV; HVe’a ch of the A-D leukemia subclasses (Table 2) indicate that

1.2 mn¥). Animal studies were carried out according to the guidelines, . .
Responsibility in the Use of Animals for Medical Research, issued by the MR’%.“hOUgh subclasses B and C are most typicagef® leukemias

in (July 1993) and Home Office Project license numbers PPL 30/689 aAfid A and D are most typical of thigH® leukemias, there is
30/1272. Mouse leukemias were initially diagnosed by microscopic examinatigignificant overlap.

of blood, bone marrow, spleen, and thymus. Leukemic spleen and thymus was
snap-frozen in dry ice.

Mouse irradiations

=
0 -o¢4——L-ML——Mp»

Molecular studies (&)

DNA was prepared from control tail and leukemic spléétl4Approxi-

mately 15 g restriction enzyme-digested DNA was resolved by 1%

(wt/vol) agarose gel electrophoresis and transferred to Genescreen (NEN

Life Science Products, Boston, MA) nylon membrankndIll DNA w .
digests were probed with the pTcrb-J2 probe to screen for T cell reggptor

(TCRB) gene rearrangemenits,and EcaRl and BanHl DNA double - :
digests were probed with pBH) to screen for immunoglobulin heavy - ‘ i
chain (gH) gene rearrangemeniiLoss of heterozygosity analyses using F : Lad P
specific microsatellite markers on chromosomes 2 and 4 with tail and G- L B ol - ™
leukemic DNA from the same mouse have already been desciBedetic

map positions are from the Mouse Genome DataBased, except for
MP-15-3 on chromosome 4, microsatellite primer sequences were from the
Whitehead Instituté!

Depending on the _degree of splenomegaly, t_otal cellular RNA was also 1 2 3 4 5 6 7 8 9 1011 12 13
prepared from approximately half of the leukemic spleen and from control ) )
adult spleen, bone marrow, thymus, and kidney, for Northern blot analg_gure 1. IgH gene .rearrangemem_s. Representayve Southern blot analysis of

22 . o coRI- and BamHI-digested genomic DNA (approximately 15 ng) prepared from
ses: R_NA (approximately ZI__O-ZOrJ,g) was resolved by 1.0% (wt/vol) control spleen (lane 1) or L-MLs (lanes 2-13). DNA was resolved by 1% (wt/vol)
denaturing gel electrophoresis, transferred to Genescreen membranes,agidse gel electrophoresis, blotted, and probed with p5'(JH).141° G, IgH gene
probed with myeloperoxidase (MP®)ysozyme M (LysM)22 CD1922  germline configuration; Con, control spleen.

e
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Table 2. Immunogenotype and leukemia subclasses c 3
- A £ -0 AML -
Leukemia subclass (%) o ¥
IgH® 233 83.3 66.7 30.8
(=9 (n =T71) (n = 36) (n=5) ' mm. LysM
IgHR 76.7 16.7 33.3 69.2
(n=30) (n=14) (n=18) (n=12) ’ ........... '...' PU1

'_ " i '_'Q_. cD19

As shown in Figure 1, though mono-allelic (lanes 4, 5, 7, 10)

and bi-allelic (lanes 3 and 8)gH gene rearrangements were M GPX
detected, 2 rearranged alleles in addition to the germline configura- ]

tion allele (lanes 2, 6, and 11) were also frequently observed. 123 45678 9101112131415161718 1920
Although this might be attributed to the presence of contaminating .

normal cells in .the spleen, the hybridization signal is variable. In B ] § - L-ML -

many cases (Figure 1, lanes 2-11 and 13), loss of heterozygosity =l

(LOH) on chromosome 4 was detectable by polymerase chain - . .l‘ - L ' MPO

reaction in the same DNA samples, indicating that less than 20%

contaminating normal cells were present in the leukemic spleen . W 5 LysM

(see below). Furthermore, 3 or more rearranged alleles were alsc

detected in 5 leukemias (Figure 1, lanes 12 and 13, and data not .

shown), suggesting either the presence of subclonal variants within - 1l B . LA L "OREA PuU1

a clonal leukemia, or the presence of more than one independently

arising leukemia in the same mouse. Given that the mean latency of S0 wen b plla . CD19

thelgH® andIgHR leukemias is approximately 18 months and that i _ 2

the lifetime incidence of thégHR leukemias in irradiated CBA/H | e . . . '.x VpreB1

(8.7%), (CBA/H x C57BL/6)F1 (10.1%), FIx CBA/H (7.9%),

F1x C57BL/6 (7.9%), and FX F1 (6.3%) is low, the probability e ®=9 Rag1

that 2 or more independengHR leukemias arose in the same

mouse at the same (or at a similar) time is negligible. Multigt® LU T I .......- GPX

alleles within individual leukemias (Figure 1, lanes 2, 6, 9, 11-13)

most likely represent subclonal variants of a clonal proB cell U2 3 A8 T0N0001.02 130415:16:17718.18.20.

leukemia with a leaky proB(IgF') — pre-B(IgI—F) cell differentia  Figure 2. AML and L-ML mRNA expression profiles. Representative Northern

tion block. Furthermore, because there was no statistically signfff's conaining total cellular RNA (approximately 20 .g) prepared from control
K R T X X ) spleen or kidney. (A) IgH® leukemias. (B) IgHR leukemias. Separate blots were

cant difference in the incidence &HR leukemias in the inbred proned with myeloperoxidase (MPO), lysozyme M (LysM), CD19, PU1, Vpre-BL1,

CBA/H and the hybrid mice analyzed, the C57BL/6 geneti®agl, or glutathione peroxidase cDNA probes. Quantitation of the Northern blots is

background in the backcross and intercross mice is not a confoufi¢gamarized in Table 3.

ing factor.

human M2 AML2829 |n contrast, thelgHR leukemias exhibit a
much more heterogeneous mRNA expression profile (Figure 2B).
To further characterize thgH® andlgHR leukemias, total cellular No leukemia exhibited greater than 2-fold enrichment of CD19
RNA was prepared from 7IgH® and 38IgHR leukemic spleens mRNA compared to control spleen (mean expression;:00443),

and analyzed for the expression of lineage-specific/restrictadd on average they expressed lower levels of PUL mRNA (mean
markers by Northern blot (Figure 2A-B). Because the source ekpression, 1.72+ 1.03) than the AMLs, though a similar
leukemic cells is the leukemic spleen and leukemic cell infiltratioproportion (47%, Table 3) did show some enrichment (mean
into the spleen is variable, only significant differences in thexpression, 2.6t 0.78) of the myeloid and B cell PU1 mRNA
mMRNA profile of a leukemic spleen compared to a normal spleenarker®® Because 36% to 47% of the leukemias expiépe-B1l

can be attributed to the leukemia cells. Hence, enrichmehof andRagl,this is consistent with the ProB/early pre-B differentia-
an mRNA species in an individual leukemia is defined as more théan block inferred from thelgH gene rearrangemenits?4:25.30
2-fold and depletion{) as less than 0.5-fold, compared to its level

in control spleen (MPO, CD19, LyS_M’ PU1), oras the_‘ presenge ( Table 3. Leukemia mRNA expression profile compared to control spleen

or absence-) when that mRNA is not detectable in the spleen

Leukemia phenotype

(Vpre-B1, Ragl Only large differences in mRNA levels are Leukemia
considered informative and are larger than those that might be gHC (AML) (%) JgHR (LML) (%)
attributed to gel loading. Leukemias that contained mRNA leve[8RNA + - + -
less than 2 and greater than 0.5 compared to control spleen am 92 (61 of 66) 5 (3 of 60) 21 (8 of 38) 68 (26 of 38)
therefore, not considered informative and are not scored in Table-gm 6 (4 of 65) 26 (17 of 65) 22 (7 of 32) 53 (17 of 32)
As shown in Figure 2A and Table 3 and compared to contrgb1 47 (15 of 32) 6 (4 of 65) 47 (15 of 32) 9 (30f32)
spleen, the typicalgH® leukemia is MPQO (mean expression, VPre8 0(00f71) 100 (710f71)  47(180f38) 53 (20 0of 38)
54.3+ 76.8), PUT (mean expression, 4.353.89), LysM- (mean ©P1° 0(0of51) 96 (49 of 51) 0(00f32) 75 (24 of 32)
Ragl 0 (0 of 54) 100 (0 of 54) 36 (120f33) 64 (210f33)

expression, 1.6 1.0), CD19 (mean expression, 0.16 0.196),
Vpre-BI', and Ragl. They are clearly AMLs and resemble a  +,> 2-fold control spleen; —, < 0.5-fold control spleen.
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Although the IgHR leukemias were generally depleted for theand 19 of 28 of these leukemias arose in female mice. However, the
myeloid MPO and LysM mRNAs, 8 of 38 exhibited enrichment 0D4Mit286 genotype of CBA/HX F1 backcross mice affected with
MPO mRNA (Figure 2B, lanes 4, 6, 8, and 20; mean expressidnML (homozygous—heterozygous ratio, 19:23) or AML (homozygous—
4 + 2.1), and 7 of 32 exhibited enrichment of LysM mRNA (Figureheterozygous ratio, 25:34) revealed no significant excess homozygosity
2B, lanes 3, 6, 8, and 13; mean expression,“3B.1), consistent or heterozygosityR > .5), indicating that there is no genetic linkage
with the detection of immature myeloid cells in the leukemibetween genotype and phenotype at this locus in the CBA/H and
peripheral blood (Table 1). ThekgHR, CD19-, MPO*/~, LysM*/~,  C57BL/6 inbred mouse strains.
PU1~, Vpre-BI'~, Ragl’~ leukemias are, therefore, mixed- Seventeen AMLs were informative for LOH and were heterozygous
lineage early B L-MLs and are similar to thgHR CD19-, Mac-1", on chromosomes 2 and 4. Eight of 17 exhibited CRr2and an
and B220 L-MLs that arise in irradiatedEu—BCL-2 transgenic apparently normal chromosome 4; 8 of 17 exhibited CPif.2and
mice in a predominantly CBA/H genetic backgrourdhus, the Chr.4°; and 1 of 17 exhibited Cht2" and an apparently normal
Eu—BCL-2transgene is not essential for the generation of this typromosome 2. At the level of detection defined by the microsatellite
of leukemia. markers used, Cht2" was detected in 94% of AMLs and can be
described as a primary genetic lesion, whereas ©Hndas a recurrent
(53%) secondary chromosomal abnormality.
Allelic loss on chromosome 2 is detected in more than 90% of AML Chr.4-0 patterns define a 5.8-cM (12.1-17.9 cM) MDR
radiation-induced AMLs in CBA/H micé273132and allelic loss on (Pattern A, Figure 3B), and this is reduced to a 3.4-cM interval
chromosome 4 is frequently detected in radiation-induced thynfig4-5 cM-17.9 cM), when the L-ML LOH patterns (A, B, and G)
lymphomas andEu—BCL-2L-MLs.57.911.1433 eukemias in this study are included. TLSR5 on chromosome 4 has been mapped to an
were screened for LOH on chromosomes 2 and 4. Because most offBroximately 20-cM interval centered on D4Mit21 (15.6 cM),
leukemias arose in F1 backcross or intercross mice, there is a 5896, because most of the leukemias in this study exhibit LOH in
probability of homozygosity at any given microsatellite marker. simthis region (Figure 3B), allelic loss at TLSR5 is associated with all
larly, only those leukemic DNA samples that contain less than 208dypes of radiation-induced hemopoietic malignancies.
contaminating normal cells reveal LOHAL-32

Thirty AMLs were informative for chromosome 2 LOH
(Chr.20%), and the LOH patterns for the 17 AMLs that wereDijscussion
informative (heterozygous) for both proximal and distal break-
points are shown in Figure 3A. A 5-cM MDR (47.5-52.5 cM) isThe diagnosis of mouse radiation-induced AMLs has traditionally
defined by LOH patterns E and H (Figure 3A) and is consisterglied on an increased white blood cell count and the appearance of
with the recently defined 0.6-cM MDR (47.5-48.1 cRf)There immature myeloid cells in the blood, bone marrow and sptéé#”
was no differential loss of the CBA/H or C57BL/6 allele (18:12and the subclassification of the AMLs using FAB criteria has been
respectively), consistent with findings of other studiés®2In  suggested!® Our molecular analyses of 195 leukemias that arose
contrast, only 2 L-MLs (less than 10%) had detectable €P#,2 in irradiated mice and that were originally diagnosed as AMLs
indicating that allelic loss on chromosome 2 is specific fousing leukemic blood cell morphology has revealed 2 distinct
radiation-induced AML. malignancies. Sixty-six percent were typical AMLs, and 34% were

A similar analysis for chromosome 4 LOH (Chf4) revealed 15 mixed-lineage early B L-MLs. A screen for LOH on chromosomes
AML and 25 L-ML informative leukemias. Cht8H patterns for the 34 2 and 4 revealed that chromosome 2 allelic loss is specific to the
leukemias heterozygous at both proximal and distal breakpoints aflLs (more than 90%), but chromosome 4 allelic loss is
illustrated in Figure 3B. The maternally transmitted CBA/H allele waequently observed in both AMLs (approximately 50%) and
preferentially lost in both AMLs (9 of 10) and L-MLs (16 of 18) thatL-MLs (more than 90%).
arose in irradiated CBA/EX (C57BL/6 X CBA/H)F1 backcross mice, We have mapped a 3.4-cM MDR on chromosome 4 that is

Loss of heterozygosity

A Patterns of chromosome 2 LOH B Patterns of chromosome 4 LOH

cM [AB[C|D[E|F [G]H cM [A [BIC[DJE[F|[G[H[I [J]K]L[MI]N |O
D2Mit 237 |28 D4Mit235 1.9 }i B | |
D2Mit433 31.7 !!!4 D4Mit292 7.5 [ ] ’. [ ] [ ] !
D2mit185 | 47.5 || E;EE!!. D4Mit108 1241 H ER EEE EENR
D2Mit101 525 [l A .ﬁ D4Mit286 145 |l AR ‘. ‘. H B ’. ‘. HEEEE B
D2Mmit420 | 54.6 (/I [. H EBER D4Mit214 17.9 ’. ’. |. HE ‘. ] ‘. ] H B
p2mits44  '65.8 [ ’. [T ] |. D4Mit89 19.8 \. HE ‘. 1. ‘. Bl [
D2Mit397 69 ] ‘. HE |. D4Mit288 28.6 ! HE [ ]
D2Mit412 78.7 ‘. [] |. MP15-3 42,6 ]
D2Mit280 817 |. [ |. D4Mit308 57.4 B
D2Mit311 83.1 |! ] D4Mit148 66
D2Mit148 105 ] No. of AMLs 10 1 1 1
No. of AMLs 2 (4411122 No. of L-MLs 7 (211121111111

Figure 3. Deletion mapping by LOH in informative leukemias that have heterozygous proximal and distal breakpoints. (A) Chromosome 2 (AML) (B) Chromosome 4

(AML and L-ML). Polymorphic microsatellite markers used and their relative genetic positions (cM)2° are shown, as are the number (No.) of AMLs or L-MLs that exhibited a
particular LOH pattern (A-O). Solid boxes show regions of LOH.
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common to both radiation-induced AMLs and L-MLs. Allelic losssecondary event that arises as an indirect or a delayed effect of the
on chromosome 4 is also frequently observed in radiation-inducitiating exposure to radiation.
thymic lymphomas (a T cell malignancy), and one tumor- The presence ofgH gene rearrangements in approximately
suppressor gene locus, TLSREaps to (or very near) the MDR 10% of human AML&-4 has been attributed to either lineage
identified in our study. The lymphoma resistancelgr2, 14.5 infidelity, involving an aberrant differentiation program in the
cM)2° |ocus that confers a resistance to spontaneous or radiati¢gitkemic cell, or lineage promiscuity of a lympho-myeloid progeni-
induced (pre-B cell) lymphocytic leukemias/lymphomas was fin@r cell and the corresponding leukerifet*Pre-B progenitor cells
mapped to this interval by genetic linkage analyses using SL/KRat can undergo myeloid differentiation under specific conditions
mice that are highly susceptible to spontaneous pre-B lymphonfiayve been detected in vitf®;®supporting evidence for the lineage
and SL/Ni mice that are resistant. Resistance to spontaneous pratgmiscuity model. If the choice of commitment to a particular
lymphomas in SL/Ni mice is conferred by a recessive materna“-weage is intrinsically flexible and the differentiation block in the
transmitted resistance loc#s!734but there is no linkage betweencorresponding leukemia is incomplete, subclonal variants gener-
the Lyr2 genotype and phenotype (radiation-induced AML ofted by the different maturation options and external microenviron-
L-ML) in the irradiated CBA/HX F1 mice in our study. mental influences available in vivo should be detected within a
The preferential loss of the maternally transmitted CBA/¢lOnal leukemia. The detection of more than 2 rearranigg
allele (25 of 28 leukemias) in the radiation-induced L-MLs andlleles within individual Ieukem|a§ (Flgu!'e _1) is consistent with a
AMLS that arose in our study is consistent with the maternal effecd@@ky ProB (Igkf)=> pre-B (IgHf) differentiation block.
observed at the.yr2 locus in spontaneous pre-B lymphordas. 1€ involvement of the apparently imprintegr2/TLSRS locus
Loss of gene function in the radiation-induced L-MLs and AML4" SPontaneous and induced myeloid, lymphoid, and mixed-lineage

presumably occurs by the deletion of the active maternally deriv%ll;.efrfniasllymphorr;as 3799653 ,it lmfiy pI?‘y a keyl rf)clie inthe cpntrol
allele and the inactivation of the paternal allele by imprinting, an@l differentiation of multipotentia ympho-myelol pro_gemtor
lIs. In many respects, tiax6 gene is an excellent candidate. B

this single hit inactivation of a tumor-suppressor gene may be’ i a -
contributing factor to the relative efficiency of radiation Ieukemo‘-:;aII d(e_velppml)erltt;]n Pax3 bce_llsdls a(rjr(:steddat thet Pre_-B?HR) loid
genesis in the mouse. The preferential loss of the maternal aIIeIesl_ﬁe}grﬁ IEc\)/ilc\jloyoruB-l 2/ f(l)ri]d Zi#eri%?iatﬁ)g?nngri) Z;mgr?di?yeo(r)ll '
a different chromosome 4 locus (42.6-55.6 cM) has also begqny P ’ ymp . P 9

. S . e presence or absence of cytokines or stromal support*€ells.
observed in methylene chloride-induced lung carcindmtdow- Although thePax5 gene maps (20.7 cNP near theLyr2/TLSR5
ever, genetic background effects are observed in LOH analyseﬁot%tfsjs (14.5-17.9 cM, Figure 3B) O'ur maopina studies excluded it
radiation-induced thymic lymphomas. The preferential loss of the ; : » M9 ' pping

a candidate, and iRax5gene rearrangements or homozygous
pater_nal RF_/J_aIIe_Ie was observ_ed at the TLSR1 locus (42'(_5'4%§etions have been detected in our leukemias (M.P., unpublished
cM) in radiation-induced thymic lymphomas that arose in

C57BL/6 X RF/J)FL ic back 8 i th h sults). Given that we have evidence that maturation arrest can
( . X JF1 genetic bac grou dyut not in those that occur at the ProB to early pre-B stage, thg2/TLSR5 locus
arose in a (C57BL/6< BALB/c)F1 genetic background.

i ) _ . may act upstream oPax5. One prediction from this model is
The observation that approximately 50% of the mouse radiatiofyat (pre)-leukemic L-ML cells will occasionally infiltrate the

induced AMLs exhibit allelic loss at TLSREyr2, in addition to the thymus, where the microenvironment will induFERS gene
characteristic (more than 95%) allelic loss on chromosome Zr@arrangements, resulting in mixed-linealg#{R-TCRBR thy-
unexpected given that chromosome 4 aberrations have begp lymphomas/T cell leukemias.

infrequently detected (less than 20%) in cytogenetic stufieas A second candidate gene that maps tolte2/TLSR5 locus is
illustrated in Figure 3A, most of the chromosome 2 deletions afge type 1 receptor for transforming growth factor T@KTgfbra)

large (greater than 20 cM), consistent with the terminal angbcause its inactivation may contribute to the transformation
interstitial deletions involving the loss of approximately 33% tQyocess by rendering leukemic cells insensitive to growth inhibi-
66% of the approximately 120-cM chromosome observed Bn py TGFES. The human orthologue TGFBR) maps to
cytogenetic§:?"3-32 In contrast, most (11 of 13) of the AML chromosome 922, and a tumor-suppressor gene locus identified in
chromosome 4 deletions are relatively small (less than 10 cMis region in bladder cancdrand TGFBR1has been implicated
Figure 3B), representing less than 10% of the whole chromosorggrectly as a tumor susceptibility allele in human caAtend

and are presumably too small to detect reliably using conventiorigjtaneous T cell lymphont4.

cytogenetic methods. There is increasing evidence that gene

deletions directly induced by ionizing radiation tend to be consider-
ably larger than those that occur either as an indirect consequepgeknowledgments

of irradiation or as a consequence of cytoplasmic irradiadicf.

This raises the possibility that radiation-induced allelic loss owe thank T. Ford, J. Neil, M. Cross, N. Kerr, P. Harrison, and T.
chromosome 2 is the initiating event in mouse myeloid radiatiofedder for the cDNA probes, and M. Greaves and E. Wright for
leukemogenesis and that allelic lossLgt2/TLSRS5 is a recurrent help in the course of these studies.
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