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Ataxia telangiectasia patients develop lymphoid malignan-
cies of both B- and T-cell origin. Similarly, ataxia telangiec-
tasia mutated (Atm)-deficient mice exhibit severe defects in
T-cell maturation and eventually develop thymomas. The
function of ATM is known to be influenced by the mamma-
lian orthologue of the Drosophila MOF (males absent on the
first) gene. Here, we report the effect of T-cell-specific abla-
tion of the mouse Mof (Mof) gene on leucocyte trafficking
and survival. Conditional Mof F"*Flox (Mof'F) mice express-
ing Cre recombinase under control of the T-cell-specific Lck
proximal promoter (Mof"*/Lck-Cre*) display a marked
reduction in thymus size compared with Mof™"/Lck-
Cre™ mice. In contrast, the spleen size of Mof "F/Lck-Cre*
mice was increased compared with control Mof*¥/Lck-
Cre~ mice. The thymus of Mof"F/Lck-Cre* mice contained
significantly reduced T cells, whereas thymic B cells were
elevated. Within the T-cell population, CD4*CDS8* double-
positive T-cell levels were reduced, whereas the immature
CD4-CDS8- double-negative (DN) population was elevated.
Defective T-cell differentiation is also evident as an increased
DN3 (CD44-CD25") population, the cell stage during which
T-cell receptor rearrangement takes place. The differ-
entiation defect in T cells and reduced thymus size were
not rescued in a p53-deficient background. Splenic B-cell
distributions were similar between Mof*/Lck-Cre* and
Mof*¥/Lck-Cre mice except for an elevation of the x light-
chain population, suggestive of an abnormal clonal expan-
sion. T cells from Mof FF/Lck-Cre* mice did not respond to
phytohaemagglutinin (PHA) stimulation, whereas LPS-
stimulated B cells from Mof™F/Lck-Cre* mice demonstrated
spontaneous genomic instability. Mice with T-cell-specific
loss of MOF had shorter lifespans and decreased survival
following irradiation than did Mof **/Lck-Cre- mice. These
observations suggest that Mof plays a critical role in T-cell

differentiation and that depletion of Mof in T cells reduces
T-cell numbers and, by an undefined mechanism, induces
genomic instability in B cells through bystander mecha-
nism. As a result, these mice have a shorter lifespan and
reduced survival after irradiation.

Introduction

Males absent on the first (MOF) was initially discovered as
a dosage compensation gene in Drosophila. MOF belongs
to the MYST family of acetyltransferases and is a histone
acetyltransferase (HAT) that acetylates chromatin specifically
at histone H4 lysine 16 (H4K16). Depletion of MOF in
Drosophila (1), as well as in human and mouse cells, results
in the loss of acetylation at H4K16 (2-6), suggesting that the
highly conserved MOF protein may be the major HAT acting
on histone H4 at K16. MOF has been associated with acute
myeloid leukaemia (AML) and transcriptional silencing in
Saccharomyces cerevisiae (SAS2 and YBF2/SAS3). MOF
also interacts with the human immunodeficiency virus Tat-
interactive protein (TIP60) (7-9). We previously reported
a higher frequency of residual DNA double-strand breaks
and chromosome aberrations in cells expressing a HAT-dead
human MOF after cellular exposure to ionising radiation
(IR) (6,10). Additional studies indicate MOF plays a critical
role in oogenesis, oncogenesis, DNA damage repair and
survival of post-mitotic Purkinje cells (2,5,10). Chromosomal
translocations that alter the activity of chromatin-modifying
enzymes are repeatedly found associated with different forms
of leukaemia indicating the importance of epigenetic regulation
in haematopoiesis. One of these chromatin-modifying enzymes,
the monocytic leukaemia zinc finger (MOZ or recently renamed
as KAT6a3) protein, was first identified through positional
cloning of a t(8;16)(pl1;pl3) translocation of the CREB-
binding protein gene in AML (11).

MOF affects ATM function, the gene responsible for the
disease ataxia telangiectasia (A-T). Patients with mutated
ATM have ~5-fold increased risk of developing leukaemia or
lymphoblastic lymphomas and ~10% of A-T patients develop
lymphoid malignancies (12,13) of either B-cell or T-cell ori-
gin (14). Similarly, Atm-deficient mice exhibit severe defects
in T-cell maturation and develop thymomas (15). As MOF
regulates ATM function, we sought to determine the effect of
Mof depletion on T-cell maturation. Since global Mof abla-
tion results in early embryonic lethality (5), we employed a
conditional murine system in which the Lck proximal pro-
moter drives T-cell-specific expression of Cre recombinase
(Mof™/Lck-Cre* mice) to determine the role of Mof in T-cell
development.

Materials and methods

Generation of T-cell-specific Mof-deficient mice

The details for generation of targeting vectors for the Mof locus used for an
in vivo deletion of the Mof gene in mice and the conditional Mof allele were
described recently (5,10). W9.5 ES cells were electroporated with the construct
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to generate Mof"? cells and the details for generation of Mof"*"*/Rosa26 <R+
and Mof P'*"x|Rosa26*ER72+ ES cell clones have been described (5,10).

To inactivate Mof specifically in T cells, conditional Mof o (Mof ") mice
were crossed with mice expressing Cre recombinase under the control of the
Lck proximal promoter (16) to generate MofF/F/Lck-Cre+ mice. Genotyping
of mice was performed as described previously (5,10). Animal care and treat-
ments were performed in accordance with the National Institutes of Health
guidelines at Washington University School of Medicine, St Louis, MO and
Columbia University, New York.

Leucocyte isolation and flow cytometric analysis

For leucocyte isolation and flow cytometric analysis, cell suspensions pre-
pared from fresh thymus and spleen were negatively enriched for T cells
through magnetic bead depletion of B cells, NK cells, dendritic cells, granu-
locytes, monocytes/macrophases and erythrocytes. For immunophenotyping,
T cells were stained with specific primary-conjugated antibodies and analysed
by Dickinson FACSCalibur flow. CD4 CD8" double-negative (DN) thymo-
cyte subset purification was performed by staining unfractionated thymocytes
with a fluorescein isothiocyanate (FITC)-labelled lineage-specific antibodies
for CD4 and CD8. Spleen cells from Mof"*/Lck-Cre* mice and Mof'>/
Lck-Cre~ mice were depleted of T cells, then cultured in RPMI 1640 medium
supplemented with 10% fetal calf serum in the presence of 4 pg/ml of lipopol-
ysaccharide (LPS) to stimulate B cells. T cells were stimulated with phyto-
haemagglutinin (PHA). After 48 or 72h of culture, colcemid was added and
metaphases were prepared and analysed as described previously (17,18). To
determine whether metaphases are from first (I), second (II) or third (III) cell
cycle post-LPS stimulation, cells were incubated with BrdU and cell cycle (I,
II, III) was determined as described previously (17). Metaphase bone mar-
row cells were prepared from mice 4 h after administering colcemid. Telomere
fluorescence in situ hybridization (FISH) was performed as described previ-
ously (19-21).

Micronuclei analysis and ratio of normochromatic to polychromatic
erythrocytes

Frequency of micronucleus and the ratio of normochromatic to polychromatic
erythrocytes were determined by previously described procedures (18,21,22).
Briefly, bone marrow smears from the age-matched Mof™*/Lck-Cre* and Mof™/
Lck-Cre” mice with and without treatment of mitomycin C were prepared, and
the stained smears were examined to determine the incidence of micronucleated
cells in 1800 polychromatic erythrocytes and the ratio of normochromatic to
polychromatic erythrocytes for each animal, which were repeated three times.

Statistical analysis

Data are expressed as the means + standard deviations from three to four exper-
iments. Statistical comparison of means was performed by the Student’s #-test.

Results and discussion

Most of the A-T patients suffer from immune defects and MOF
influences ATM function (6,23,24). Global Mof inactivation
results in early embryonic lethality in mice (5). Therefore, we
generated mice with T-cell-specific Mof deletion by breeding
conditional Mof */F'ox (Mof F) mice (10) with transgenic mice
expressing Cre recombinase under control of the Lck proximal
promoter to generate Mof ™ /Lck-Cre* mice. This approach
provided a well-defined system for determining the role of
Mof in leucocyte biology through Cre-mediated deletion in
developing T cells (16). Lck is a non-receptor protein tyrosine
kinase required for signal transduction via the T-cell antigen
receptor and the Lck proximal promoter is activated at the
DN1 (CD25-CD44%) to DN2 (CD25*CD44*) T-cell lineage
stage. The production and ‘education’ of T cells, which are
critical for the adaptive immune system, occur in the thymus,
which provides an inductive environment for the development
of T lymphocytes from haematopoietic progenitor cells.
T-cell-specific ablation of Mof had a major effect on the
thymus and spleen (Figure 1A-D), Mof™*/Lck-Cre* mice had
consistently smaller thymi (approximately half of the size rel-
ative to their body weight) than those of Mof™*/Lck-Cre mice
and the differences observed (at either 3 or 12 weeks of age)
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are statistically significant (Figure 1B and D). In contrast,
spleen size in Mof*/Lck-Cre* mice is consistently larger
relative to body weight compared with Mof™"/Lck-Cre™ mice
(Figure 1B and D) with differences being more pronounced
at 12 weeks of age. The size reduction of the thymus was
not p53-dependent since Mofff/Lck-Cre* mice generated in
a p53-null background mice still displayed the reduced thy-
mus size phenotype seen in Mof*/Lck-Cre* mice (Figure 1E
and F). Irrespective of p53 status, the ratio of thymus size is
reduced and spleen increased in 12-week-old compared with
3-week-old Mof”"/Lck-Cre* mice. A reduction in thymus
size has also been observed in mice with inactivated MOZ,
another MY ST family member, where both B and T cells were
affected (25). Here, we observe that thymus size is affected by
T-cell-specific inactivation of Mof. It is known that thymus
function is eventually taken over by the spleen in adults so
the increase in spleen size seen here might be due to defective
T-cell development, which results in spleen hypertrophy in
Mof™/Lck-Cre* mice (Figure 1).

Immunostaining with Mof antibody of thymus and spleen tis-
sue sections prepared from Mof f/Lck-Cre™ mice detected pos-
itive staining for Mof in both tissues (Figure 2A). Furthermore,
when T and B cells from thymus and spleen of Mof ™*/Lck-Cre*
and Mof ™ /Lck-Cre~ mice were enriched and examined for Mof
and H4K16ac levels, both were significantly reduced in T cells
from Mof F/Lck-Cre* mice compared with T cells from Mof ™/
Lck-Cre™ mice (Figure 2B). However, no reduction in Mof or
H4K16ac levels was observed in B cells of Mof”"/Lck-Cre*
mice (Figure 2B).

To investigate potential immune system abnormalities, we
performed flow cytometry analysis of thymocytes and spleno-
cytes from Mof*/Lck-Cre* and Mof™"/Lck-Cre~ mice. Fewer
cells were collected from thymi of Mof”*/Lck-Cre* mice in
comparison with controls, which is consistent with the smaller
organ size in Mof™*/Lck-Cre* mice (Figure 1). Thymocytes from
12-week-old Moff/Lck-Cre* mice had a significant reduction
in total T-cell population compared with Mof”f/Lck-Cre~ mice
(Figure 3A(a)). T cells from Mof"*/Lck-Cre* mice displayed a
reduction of mature T cells (CD4*CD8*) and an accumulation
of immature DN T cells (CD4CDS8") (Figure 3A(c)). Further
analysis revealed that T-cell development was retarded after
Mof gene disruption at the DN3 (CD44-CD25*) stage, where
T-cell receptor rearrangements are processed for B-receptor
selection, and following DN4 stage (CD44-CD25"). Defective
T-cell receptor rearrangement is a phenotype observed in A-T
patients as well as in Atm-deficient mice (15,26,27), thus,
Mof expression appears to be critical for T-cell development.
Reduced T-cell populations were also observed in spleen
(Figure 3B(a)) especially in the cytotoxic T-cell (CD4 CD8*)
population (Figure 3B(c)).

While the T-cell population decreased, the thymic B-cell
population was increased in Mof”"/Lck-Cre* mice (Figure 3A
(a)). A similar B-cell increase was observed as a result of
apoptosis in the thymus (28), suggesting the decreased thy-
mus size in Mof™"/Lck-Cre* mice could be due, at least in
part, to apoptotic elimination of immature T cells. However,
when we examined Mof”"/Lck-Cre* mice in a p53-null back-
ground (Figure 4), there was no normalisation of thymus and
spleen size (Figure 1E and F), nor did p53 inactivation affect
the altered T- and B-cell distribution observed in Mof-deficient
mice (Figure 4). In thymus, total T cells were reduced with
increasing immature CD4-CD8" DN and reducing CD4*CD8*
double-positive populations (Figure 4A(b)), whereas thymic B
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Fig. 1. Effect of T-cell-specific Mof inactivation on thymus and spleen size. (A) Thymus and spleen from 3-week-old Mof”*/Lck-Cre* and Mof/Lck-Cre~ mice.
(B) Histogram of the weight ratios of thymus and spleen to mouse body weight. The differences in thymus as well as spleen size in Mof”*/Lck-Cre* and Mof™"/
Lck-Cre~ mice are statistically significant. (C) Thymus and spleen of 12-week-old Mof"/Lck-Cre* and Mof”*/Lck-Cre~ mice. (D) Histogram showing the ratio of
thymus and spleen to body weight. The thymus size is relatively smaller and spleen size is larger. The differences in thymus as well as spleen size in Mof™*/Lck-
Cre* and Mof™"/Lck-Cre~ mice are statistically significant. (E and F) Thymus and spleen size in p53-null background of Mof"*/Lck-Cre* and Mof"”*/Lck-Cre~ mice
(E: 3 weeks old and F: 12 weeks old). *P < 0.05 and **P < 0.001 determined by the chi-square test.

cells were increased (Figure 4A(a)). In spleen, the number of
mature B cells was unchanged (Figure 4B(a)), whereas total T
cells were reduced (Figure 4B(b)). In sum, p53 does not play
a significant role in the reduced thymus size or defective T-cell
development seen in Mof-deficient mice.

Precursor B and T cells are produced in the bone marrow.
To determine whether inactivation of Mof in T cells has any
effect on bone marrow erythrocytes, we compared the number
of micronucleated cells per 1800 polychromatic erythrocytes
and the ratio of normochromatic to polychromatic erythrocytes
in Mof™"/Lck-Cre* and Mof™"/Lck-Cre~ mice with or without
treatment of mitomycin C. No significant differences were
found between the two genotypes (Table I). This is reasonable
since the Lck proximal promoter driving Cre recombinase is
activated in thymus, thus T-cell precursors in bone marrow are
likely express Mof gene.

To determine the cause for the T-cell differentiation blockage
in Moft*/Lck-Cre* mice, thymocytes were examined for genomic
integrity. We have recently shown that genomic integrity as well
as the DNA damage response can be influenced by H4K16ac lev-
els (2) as the H4K16ac modification structurally constrains the
formation of higher-order chromatin (29), perhaps by inducing
an open chromatin configuration that is more readily accessible
to transcription as well as DNA repair proteins. H4K16ac is also
critical for protein—protein interactions (29), and reduced levels

of H4K16ac correlate with a defective DNA damage response
(2). Since thymus or blood T cells from Mof*/Lck-Cre* mice
responded very poorly to PHA treatment for blastoid formation
(data not shown), we collected thymocytes to examine nuclear
morphology. Interestingly, a significant fraction (>14%) of T
cells from Moff*/Lck-Cre* mice displayed chromatin blebbing
and disintegration of the nucleus (Figure 5A and B), similar to
the situation observed in MOF-depleted HeLa cells (4) as well
as to the chromatin condensation observed in Mof-deleted post-
mitotic neuronal Purkinje cells (10). These observations suggest
that failure to maintain genomic integrity could be the major
cause for defective T-cell development.

Precursor T cells mature in the thymus and helper T cells
are known to release factors such as lymphokines that enhance
B-cell blastoid formation as well as differentiation (30,31). As
shown in Figures 1 and 3, depletion of Mof in T cells results in
spleen enlargement and possibly abnormal clonal expansion of
B cells. To determine the effect of Mof depletion on T cells, we
compared the status of T-cell blastoid transformation in Mof*t/
Lck-Cre* and Moff/Lck-Cre~ mice. PHA treatment produced
minimal blastoid formation or metaphases in T cells from the
thymus or spleen of Mof™"/Lck-Cre* mice, whereas both blastoid
and metaphases were seen in the cells from the Mof™"/Lck-
Cre” mouse thymus or spleen, suggesting that Mof is important
for mitogen-induced replication of T cells (data not shown).
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Fig. 2. Immunostaining and western blot detection of Mof expression. (A) Immunostaining of Mof in thymus and spleen of 3-week-old control mice. (B) Western
blot analysis of Mof and H4K16ac levels in thymus T cells and spleen B cells from Mof**/Lck-Cre* and Mof/Lck-Cre™ mice.
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thymus indicating a significant reduction in total lymphocytes and pan T cells (CD3*CDS5*) but increased pan B cells (B220*) levels; (b) thymic B cells from
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populations and T cells from Mof*/Lck-Cre* accumulated in DN3 and DN4. (B) Comparison of cells from spleen (a) statistically significant reduction in total
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light-chain clonal expansion was observed; (c) difference in splenic T cells, the number of helper T cells (CD4*CD8") was unchanged; however, cytotoxic T-cells
(CD4-CD8*) level was reduced. *P < 0.05 and **P < 0.001 determined by the chi-square test.
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Next, to determine whether T-cell-specific inactivation of Mof
also affects B-cell proliferation, splenocytes and whole white
blood cells were treated with LPS, to specifically stimulate
B cells. About ~7% of metaphases in LPS-treated splenic B
cells of Mof™/Lck-Cre* mice (3 weeks old) had chromosomes
with loss of telomere signals, as detected by telomere-specific
FISH (Figure 5C, red arrows) and chromosome fragments
(Figure 5C, white arrow). No such corresponding chromosomal
defects were observed in Mof*/Lck-Cre~ mice. Also, ~8%
of metaphases from spleen-derived B cells from Mof™*/Lck-
Cre* mice displayed chromosome end-to-end association

Table I. Number of micronucleated polychromatic erythrocytes and the ratio
of normochromatic to polychromatic erythrocytes in bone marrow smears
after intraperitoneal administration of mitomycin C

Genotype Treatment Number of micronuleated Ratio of
cells/1800 polychromatic ~ normochromatic
erythrocytes/mouse to polychromatic
erythrocytes
Mitomycin Mean Range Mean Range
C (mg/
kg body
weight)
Mof™/ 0 .20 0-3.90 1.62 0.51-3.40
Lck-Cre= 5 80.30  35-127 22.50 5.10-51.60
Mof™/ 0 128  0-4.00 1.68 0.54-3.51
Lck-Cret 5 82.32  34-130 23.70 5.21-53.28

(Figure 5D, yellow arrows) not seen in Moff*/Lck-Cre™ mice.
Similar chromosome end-to-end associations have been
reported previously in cells derived from A-T patients (19,32).
In addition, B cells from spleens of older (12 or 15 weeks
old) Mof™*/Lck-Cre* mice also displayed a high frequency of
chromosome fragments, loss of telomere signals and telomere
fusions resulting in Robertsonian mutations (Figure SE-H).
The mechanistic basis for B-cell genomic instability in mice
with T-cell-specific Mof depletion was further examined by
determining where in the cell cycle phase-specific chromo-
somal aberrations could occur through a bystander mechanism
(33-35). B cells stimulated with LPS were labelled with BrdU
and metaphase cells collected after 48h of incubation. Cell
cycle phase-specific chromosome aberrations were ascertained
based on the frequency of chromosomal and chromatid-type
aberrations observed at metaphase. G,-specific aberrations
detected at metaphase are mostly of the chromosomal type and
include a high frequency of dicentrics (21,36,37). S-phase-type
aberrations detected at metaphase are chromosomes and chro-
matid-type aberrations along with tri- or quadriradials, whereas
G,-phase-type aberrations are only chromatid type. After stim-
ulation, only chromosome-type aberrations were observed at
first metaphase as determined by Fluorescence Plus Giemsa
technique as described previously (17). The possibility of miss-
ing chromatid aberrations arising during S phase was mini-
mal as no metaphase cells with both chromatid DNA strands
labelled with BrdU were detected by the described procedure
(17,18). These results suggest that the genomic instability
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Fig. 5. Genomic instability of T cells and B cells in Mof”*/Lck-Cre* mice. (A) T cells from thymus of 3-week-old mice showing nuclei of different sizes.
Telomere signals (green) are detected by using telomere-specific probe. DNA was stained with DAPI (4”,6-diamidino-2-phenylindole) (blue). (B) T cells from
thymus of 12-week-old mice. (B-1) DAPI staining and (B-2) telomere signals detected by FISH. Red arrows indicate the fragmented nuclei with or without
telomere signals. (C) Metaphases from B cells of 3-week-old mice (C-1) DAPI staining and (C-2) telomere FISH staining, red arrows showing loss of telomere
signals and white arrow showing a fragment with telomere signal. (D) Metaphase from 6-week-old mouse B cells showing chromosome end-to-end associations
(yellow arrow) and telomere fusion leading to Robertsonian mutation (white arrow). (E) Giemsa staining of metaphase from 12-week-old mouse B cells showing
chromosome fragments. (F) Metaphase of B cells showing fragment with telomere signal and (G) metaphase of B cells with loss or reduced telomere signal

(red arrows) and high frequency of telomere fusions (white arrows). (H) Metaphase segment from 15-week-old mouse B cells showing telomere fusions leading
to Robertsonian mutations (H-1) DAPI staining, white arrows showing chromosome end fusions and (H-2) telomere FISH showing loss of telomere signal (red
arrows) and telomere fusions without any telomere signals (white arrows).

observed in B cells arises during the G,/G, phase of the cell mice. Since B-cell numbers in spleen did not show a reduction
cycle by LPS stimulation since no micronuclei were observed (Figures 3B and B), these chromosomal instabilities could be
in untransformed/unstimulated B cells from Mof”*/Lck-Cre* associated with abnormal clonal expansion (Figure 3B(b)).
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Fig. 6. Effect of T-cell-specific Mof depletion on weight and post-irradiation survival. (A) Body weight and (B) survival after 3 Gy IR exposure of Mof”*/Lck-
Cre* and Mof"™"/Lck-Cre~ mice. The differences in the weight and survival of Mof”*/Lck-Cre* and Mof"/Lck-Cre~ mice are modest, but statistically significant
(P < 0.05 determined by the chi-square test). The cumulative survival was plotted according to Kaplan—-Meier analysis.
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To determine whether the genomic instability seen in B cells
from spleen or thymus could be originating from bone marrow
precursor B cells, we analysed metaphases in bone marrow cells
from Mof™/Lck-Cre* and Mof™"/Lck-Cre~ mice and found no
difference in genomic stability, suggesting that Mof depletion in
T cells seen in the thymus had no effect on the precursor cells.

We next determined whether the immunological alterna-
tions observed in Mof™*/Lck-Cre* mouse impacted growth by
comparing the body weight of Mof*/Lck-Cre* and Mof™*/Lck-
Cre™ mice. A significant decrease in body weight of Mof™"/Lck-
Cre* mice was observed compared with Mof™*/Lck-Cre~ mice
(Figure 6A). In addition, Mof**/Lck-Cre* mice had a shortened
lifespan compared with Moff/Lck-Cre- mice (Figure 6B).
Since Mof™*/Lck-Cre* mice display genomic instability of lym-
phocytes, we examined whether the mice were radiosensitive.
Mice (4 weeks of age) were treated with 3 Gy of IR and survival
monitored for up to 100 weeks. Long-term survival of irradi-
ated Mof™f/Lck-Cre* mice was significantly decreased com-
pared with Mof*f/Lck-Cre~ mice (Figure 6B). Taken together,
the results indicate that mice with Mof-deficient T cells have
compromised immune systems and manifest growth retarda-
tion as well as increasing radiation sensitivity.

We report here that T-cell-specific deletion of the Mof gene
results in a smaller thymus and larger spleen and a blockage
in T-cell differentiation at the stage during which T-cell recep-
tor rearrangement normally occurs, which may correlate with
genomic instability. Interestingly, loss of Mof in T cells also
induces a genomic instability phenotype in B cells. Mice with
Mof-null T cells had a reduced body weight as well as a reduced
lifespan and demonstrated higher sensitivity to irradiation. This
is similar to the situation in severe combined immunodeficient
mice where a germ-line mutation in the DNA-PKcs gene blocks
T- and B-cell development and there is elevated sensitivity to
radiation (38). Since MOF influences ATM functions in response
to DNA damage (6,39), the results suggest the mice have a defect
in Atm-signalling pathway in T cells and thus demonstrate T-cell
development defects similar to those observed in A-T patients
and Atm-null mice. In addition, mice with T-cell-specific MOF
inactivation display high genomic instability in B cells providing
a valuable means for understanding the role of chromatin-mod-
ifying factors, such as MOF, in the development of leukaemias
and lymphomas. T cells are known to be important for B-cell
functions; however, what factor(s) that are released by T cells
induce genomic instability in B cells is not known. The identity
of such factor(s) responsible for the bystander effects remains an
interesting question to be answered.
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