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Abstract

In a search for genes and pathways implicated in T-cell lymphoblastic lymphoma (T-LBL)
development, we used a murine lymphoma model, where mice of the NMRI-inbred strain were
inoculated with murine leukemia virus mutants. The resulting tumors were analyzed by integration
analysis and global gene expression profiling to determine the effect of the retroviral integrations
on the nearby genes, and the deregulated pathways in the tumors. Gene expression profiling
identified increased expression of genes involved in the minichromosome maintenance and origin
of recognition pathway as well as downregulation in negative regulators of G1/S transition,
indicating increased S-phase initiation in murine T-LBLs.
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1. Introduction

Human T-cell lymphoblastic lymphomas (T-LBLS) are neoplasms of immature T-cells and
constitute a group of rare, heterogeneous and clinically very aggressive tumors [1-3]. The
molecular pathogenesis that contributes to T-LBL development is not fully elucidated.
However, since murine T-LBLs are histopatho-logically and phenotypically comparable to
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human T-LBLs [4], mouse models of T-LBL are ideal to obtain additional insight into the
mechanism of T-LBL development in humans.

When injected into newborn NMRI inbred mice, the SL3-3 murine leukemia virus (MLV)
induces hematological malignancies, including T-LBLs [5-8]. The SL3-3 enhancers in the
U3 regions of the LTRs, consist of 2.5 tandem copies of a 72 bp sequence with binding sites
for Runx, c-Myb, Ets, and Nf1 transcription factors [5,6,8—10]. Within these tandem repeats,
there are three identical glucocorticoid response element (GRE)-overlapping E-boxes (Egre)
which contain binding sites for the glucocorticoid receptor (GR) and basic helix-loop-helix
(bHLH) factors [7,11]. Mutations in the SL3-3 enhancer at the binding site for GR have no
effect on the pathogenicity of SL3-3, and induce T-LBLs with a similar latency period as the
wild type virus [7]. On the other hand, mutations in the Egre binding sites increase SL3-3
latency significantly by up to several months, and broaden disease from strictly T-LBL to
various hematopoietic malignancies, including B-cell lymphomas and leukaemias of
myeloid and erythroid origin. The oncogenic effects of SL3-3 MLV are caused by
integration of the viral genome into the host cell DNA through multiple rounds of infection,
and deregulation of nearby cellular genes — a process defined as insertional mutagenesis
[12,13]. If the integration occurs near or within a gene of importance for cancer
development, the cell in which the virus has integrated, may gain a growth advantage,
leading to malignant transformation and tumor development. Screening the end-stage tumors
for resulting integration sites, is therefore an efficient method for identifying genes involved
in murine and potentially also human T-cell lymphomagenic processes. To gain more insight
into the mechanisms by which murine T-LBLs develop, we performed integration analysis
and gene expression profiling on thymus and spleen T-LBL tumors. Our data shows that
genes involved in G1/S-phase transition are frequently targeted by retroviral integrations in
the murine T-LBLs. Additional identification of increased expression of genes from the
minichromosome maintenance (Mcm)-origin of recognition (Orc) pathway, as well as
downregulation of G1/S-phase inhibitors, implicate S-phase initiating genes in the
development of murine T-LBLs.

2.1. Retroviral integrations in SL3-3 3mGR and SL3-3 3mEgre induced tumors

Ninety-five integrations were identified in 10 SL3-3 3mGR and 9 SL3-3 3mEgre induced
tumors, of which 78 were located within 10 kb distance of a RefSeq gene (Fig. 1 and Table
1). Gfil, Evi5, Myc, Rras2, and D-type cyclins were common integration sites (CISs) for
both the 3mGR and 3mEgre virus mutants and targeted multiple times in some of the tumors
(Table 1). In the 3mGR induced tumors, 03/127 had two integrations in Zmynd8 and Ccnd3
was targeted in both the 03/12 and the 03/210 tumor, whereas two integrations in each of the
genes Ppie, Osbplla, Tpsyl4 and Micall2 were identified in the 3mEgre induced tumors
04/524, 04/525, and 04/1260, respectively. All tumors were previously identified as T-LBLSs
by immunohistopathological examination of liver, spleen and lymph nodes [7].
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2.2. Global mRNA expression in T-LBLs vs. normal tissue

Gobal microarray analysis was performed on 22 tumors induced by the SL3-3 MLV bearing
mutations in 3mGR (6 spleen tumors and 6 thymus tumors) and 3mEgre (5 spleen tumors
and 5 thymus tumors) and compared to healthy murine spleen and thymus tissue. Initial
analysis was performed using unsupervised hierarchical clustering with Pearson's
dissimilarity and Ward's method, which indicated that the tumors cluster, first according to
disease and second according to tissue (Fig. 2). The three-paired thymus and spleen samples
included in our study did not group together, but followed the tissue specific clustering.
Overall, we observed four main clusters (A-D). Clusters A and C represent genes that are
either upregulated or downregulated, respectively, in tumor tissue, while clusters B and D
represent mainly tissue specific genes or genes that are not affected in the tumors compared
to control tissue.

2.3. Gene expression in SL3-3 3mGR vs. SL3-3 3mEgre induced tumors

To determine which genes differ between tumors induced by the SL3-3 3mGR and SL3-3
3mEgre virus mutants, tumors induced by the two virus mutants were compared within the
tissue groups. Surprisingly, there was no difference in gene expression between tumors
induced by the two virus mutants (set by the criteria £1.5-fold difference and p < 0.05),
indicating that although they induce tumors with mean latencies of 56 and 110 days for
SL3-3 3mGR and SL3-3 3mEgre, respectively (Table 1), the alterations that lead to tumor
development are indistinguishable at the gene expression level between the two. Therefore,
the influence of the virus mutants was not included in following analyses.

2.4. The effect of the retroviral integrations on expression of nearby genes

In order to determine if the effect of the retroviral integrations in the individual tumors could
be seen from the overall gene expression profile, thymus and spleen tumors were compared
to healthy controls within the two tissue groups. Genes with a +1.5-fold change in tumor
relative to normal sample and a p-value <0.05 were considered differentially expressed with
statistical significance. Based on these criteria, 3725 and 4841 genes were found
differentially expressed in thymus and spleen tumors compared to tissue controls. We
determined which of the genes, within 10 kbs of a viral integration, were commonly
deregulated in thymus and spleen tumors. Here we found Gfil, and Ppie upregulated in both
tissue groups, while Ankrd22, Fam49a, and Arntl were downregulated (Table 2). No other
genes within 10 kbs of the retroviral integration sites were affected in the tumors. Several of
the genes that were identified as single hits were affected in either the thymus or the spleen
tumor group. Sh2dla, Sh3gl3, Myb, and Trim37 were upregulated in spleen tumors, whereas
Fgd2, Cask, Flil and Evi5 were generally downregulated. None of these eight genes were
significantly affected in the thymus tumors. This tumor group, however, showed
upregulation of Txnrd2 and downregulation of Mr1, Sx6, Kremenl, Satl and Micall2. To
determine if the retroviral integrations had an effect on transcript expression in the tumors
they were identified in, we looked at gene expression dot-plots where individual tumors
could be visualized. Here, Sh3gl3, Cask, Mr1 and Sx6 (Fig. 3) had the highest expression in
the tumors, where they were identified as integration sites, indicating an activating effect of
the integrated retrovirus on these genes. There was no similar correlation between the
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remaining integrations and the expression of the nearby genes (data not shown), indicating
that, although some of the genes in vicinity of the retroviral integrations seem to be affected
by insertional mutagenesis, the majority of the insertions have little or no effect on
expression levels of the genes within 10 kbs.

2.5. Genes associated with S-phase initiation are deregulated in murine T-LBL

We continued the analysis to identify new genes potentially associated with the development
of murine T-LBLs. Tumor samples were compared to healthy controls within the two tissue
groups, where genes with a £1.5-fold change in tumor relative to normal sample and p <
0.05 were considered differentially expressed. The main affected pathways in both tissue
groups included downregulation of JAK-STAT pathway, MAPK pathway, p53 pathway and
genes involved in cytokine receptor interactions (data not shown), whereas cell-cycle
associated genes were generally upregulated in both thymus and spleen tumors
(Supplementary Table 1). There was an overall increased expression of genes involved in
the initiation of replication, including genes that constitute the origin recognition (Orc) and
minichromosome maintenance (Mcm) complexes, as well as E2f, Cdt1, Ccne2, Ccna2,
Cdc6, Cdc7, Cdca5, CDK2, Dbf4, Rpa and DNA polymerase genes. This, together with the
simultaneous downregulation of negative regulators of G1/S-phase (Ccng2 and Cdknlb),
suggested a general increase in cell cycle progression in murine T-LBLs. Surprisingly, we
also observed increased expression of genes commonly known to induce apoptosis (Bak,
Bax, and Pdcdl) and cell cycle check point repressors (p21, p16 and p18) as well as
downregulation of antiapoptotic genes (Bcl2 and Bcl2l1).

Supplementary data associated with this article can be found, in the online version, at http://
dx.doi.org/10.1016/j.leukres.2013.04.012.

3. Discussion

Insertional mutagenesis in MLV infected mice has been widely used to study lymphoma
biology, and several genes, that have since been associated with the development of human
lymphomas, including Myc [15], Myb [16], D-type cyclines [17] and RasGrpl [18] have
been identified using these models. In this study, we aimed to identify new genes and
pathways deregulated in murine T-LBL by performing integration analysis and gene
expression profiling on tumors induced by the SL3-3 MLV. A total of 95 integration sites
were detected in 19 SL3-3 3mEgre and SL3-3 3mGR induced tumors targeting 52 different
genes. For 9 different genes more than one retroviral integration site was observed pr gene
in the same tumor (Table 1). The exact genomic nucleotide positions of the integrations
were not similar illustrating that two independent integration events into the same gene had
occurred within the same tumor. Since integration sites were determined on pools of tumor
cells and not individual cell it was not possible to decipher whether the original integration
event occurred in one or two different cells. Due to limited material the fraction or clonality
of cells harboring specific integrations were not evaluated but in former studies [14]
insertions have been documented to be mono or oligo clonal thereby representing relative
high fractions of tumor cells
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Of the 52 different genes 19 of could be assigned a function in cell cycle progression or
apoptosis, and 15 were directly involved in G1/S-phase transition (Supplementary Table 2).
We found recurring integrations in Gfil, Evi5, Myc, RasGrpl, Rras2, and Ccndl, which are
well known CISs from other murine lymphoma models [19-21] and have a direct or indirect
effect on G1/S-phase transition [22—24]. Previously studies have shown that retroviral
integrations in many of these loci correlate with high levels of mMRNA [21,26,27]. By
performing global gene expression profiling on the T-LBL tumors, we could determine both
the effect of the integrated retrovirus on the nearby genes and the pathways that were
deregulated in the tumors compared to normal tissue. In the experimental setting, we
included two groups of tumors induced by SL3-3 with mutations in the 3mGR and 3mEgre
binding sites, respectively. Both mutants give rise to T-cell lymphoblastic lymphomas, but
with significantly different latencies [7]. Based on a minimum of £1.5-fold changes, there
was no difference in the gene expression profile when comparing tumors induced by the two
virus variants. This may be due to the low number of samples in each group, but may also be
due to smaller differences in gene expression that are still significant, but not detected due to
the cut-off at £1.5-fold change. Alternatively, the difference in latency of the two viruses
may be caused by changes in expression of genes that do not differ on the mRNA level, but
have varying protein expression. We also speculate that the latency periods reflect the speed
of tumor development. If the only difference between the 3mGR and 3mEgre induced
tumors is that the 3mGR tumor cells are pushed faster through the G1 checkpoint than the
3mEgre tumor cells, and the cell-cycle related gene products are subsequently degraded, this
may not be reflected in the overall gene expression profile. Based on these observations, the
remaining gene expression analyses were performed with no regard to the virus variant.

Supplementary data associated with this article can be found, in the online version, at http://
dx.doi.org/10.1016/j.leukres. 2013.04.012.

Although some genes (Gfil, Ppie, Ankrd, Fam49a, and Arntl) were generally up- or
downregulated in both thymus and spleen tumors, many were specifically deregulated in
either spleen (Sh2d1a, Sh3gl3, Myb, Trim37, Fgd2, Cask, Fli1, and Evi5) or thymus
(Txnrd2, Mr1, Kremenl, Sx6, Satl, and Micall2). Sh2d1a, Cask, Mr1, and Sx6 showed the
highest upregulation in the tumors where they were found as integrations, indicating an
activating effect of the integrated retrovirus on these genes. The expression of Notchl, Myc,
Rasgrpl, Rras2 and the D-type cyclines, which are major common integration target in
many MLV induced lymphomas [20,22,28,30], remained unchanged in both overall gene
expression and in the individual tumors where they were found as integrations. Although our
results indicate that the presence of a virus in the vicinity of a gene does not always alter its
expression, we cannot exclude whether or not there is an oncogenic effect of the integrations
on protein stability or alternative splicing, as we only analyzed the summarized gene
expression.

Gene expression profiling identified additional upregulation of the Mcm-Orc pathway
(Cdc6, Cdc7, Dbf4, Cdc45, Rpal-3, Cdk2, Cdtl, Ccne2, Ccna2, E2f, Mcm, Orc, and DNA
polymerase genes) and simultaneous down-regulation of cell cycle inhibitors (Ccng2 and
Cdkn1b) [30,31], which were not found as retroviral targets by the integration analysis, but
have well-established functions in G1-S-phase transition [32—34]. Although this might
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suggest that the murine T-LBLs have a general increased S-phase initiation, we further
observed an increase in genes commonly known to induce apoptosis [35] or inhibit cell
cycle progression (Bax, Bak, p21, p16 and p18) and decrease in anti-apoptotic genes (Bcl2
and Bcl2I1). While this may reflect increased apoptosis in the tumors, there was no
upregulation in the expression of downstream effectors, such as caspases (data not shown),
although there may exist a caspase-independent activation of apoptosis through calpains,
cathepsins, granzymes, and the proteasome complex, which all have been implicated in
promoting cell death [36—38]. There is some evidence that regulators of the cell death
programme are also able to affect cell cycle progression [39-42]. It has been shown that
both Bcl2 and Bcl2I1 are able to inhibit cell growth at the transition from the GO stage into
S-phase, and that this function can be reduced by co-expression of Bax [39]. A decrease in
cell proliferation has been observed in Bcl2 overexpressing Jurkat cells [42], supporting a
function for Bcl2 in the inhibition of cellular proliferation. Furthermore, upregulation of pro-
apoptotic Bcl2 family members, as Baxa, can facilitate the S-phase entry in T cells, whereas
Bcl2 delays this entry via modulation of p27KiP1 [41]. Whether or not our observations of
increased expression in Bax and Bak and decreased expression of Bcl2 reflect increased
apoptosis or increased S-phase entry is still unclear.

We further found upregulation of several cyclin-dependent kinase (Cdk) inhibitors (p21, p16
and p18) which are known to bind and antagonize the activity of Cyclin/Cdk complexes, at
the G1/S-phase in particular. An alternative role as negative regulators of apoptosis has been
demonstrated for some members of the INK family, as p19 [43], indicating that their
overexpression might contribute to progression through the G1 checkpoint. We speculate
whether the upregulation in Bax, Bak, p16, p18, p21 and the Mcm-Orc pathway together
with a downregulation in Bcl2 and Bcl21, reflect increased S-phase entry in the murine T-
LBL cells.

Moreover, Pdcdl/Pd1, which is associated with mechanisms of tumor immune evasion [44—
47], was upregulated 14-fold in the spleen tumors. Activation of the Pdcd1 pathway
contributes to tumor progression by negatively regulating TCR signaling and thus, effector
T-cell responses, such as cytokine secretion [48,49], which also correlates well with our
observations that the vast majority of the genes involved in cytokine signaling were
significantly down-regulated (data not shown).

The chromosomal abnormalities that lead to development of human T-LBLs are poorly
characterized. The few studies that address the T-cell lymphoma biology show that TAL1,
HOX11, LYL1, LMO1 and LMO2 are frequently overexpressed in patients with TLBL
[51,52]. However, we did not find any upregulation in these genes in our T-LBL model.

In conclusion, both the integration analysis and patterns of MRNA expression identified by
gene expression profiling strongly indicate that genes involved in G1/S-phase transition
and/or S-phase initiation are deregulated in murine T-LBLs.
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4. Materials and methods

4.1. ldentification of integration sites

Newborn mice of the NMRI inbred strain were inoculated with the SL3-3 MLV bearing
mutations in Gr (SL3-3 3mGR) and Egre (SL3-3 3mEgre) binding sites as described
previously [7]. On sickness, mice were sacrificed and splenic and thymic tumors were
removed. Genomic DNA was isolated using the DNeasy Tissue kit (Qiagen) and retroviral
integration sites were identified by a splinklerette-based PCR and sequencing as described
previously [50]. One tumor was analyzed from each mouse and an overview is presented in
Table 1.

4.2. Tumors and tissue

The tumors were characterized by an experienced pathologist as T-cell lymphoblastic
lymphomas based on immunohistopathological examination of liver, spleen and lymph
nodes [7]. For tumors induced by SL3-3 3mEgre, clonality was analyzed by Southern
blotting where clonal TCRR but not Ig(x) light chain gene rearrangements were found in all
investigated tumors, consistent with T-cell lymphoma [7]. Normal thymus, spleen and
lymph node tissue was dissected from six 4 weeks old NMRI inbred mice and pooled in two
groups of three samples.

4.3. RNA extraction and array hybridization

Total RNA was purified using the TRIzol® reagent (Invitrogen) and mirVVana™ miRNA
isolation kit (Ambion). 10-20 mg of snap-frozen tissue was cut on dry ice and homogenized
in 1 mL TRIzol®. Samples were added 200 pL chloroform and centrifuged at 12,000 x g at
4 °C where after the aqueous phase was dissolved in 1.25 times its volume in 100% ethanol
and transferred to a mirVana™ filter cartridge. Samples were centrifuged, washed and
eluted. RNA concentration was measured on a Nanodrop where an OD»g/ODogg ratio of
1.9-2.2 was considered to indicate pure RNA. RNA quality and integrity were measured on
a Bioanalyzer where a 28S/18S ratio of 1.7-2.3 and RIN values of 9.4-10.0 indicated that
intact RNA. cDNA was synthetized according to the Ambion WT Expression Kit (Ambion).
Samples were labeled and hybridized to the Mouse Exon 1.0 ST Arrays (Affymetrix)
according to the GeneChip® WT Terminal Labeling and Hybridization manual (Ambion).
Arrays were scanned using the Affymetrix Scanner and digital images were processed by the
GeneChip® Operating Software v1.4 to generate .CEL intensity files.

4.4. Data analysis

Data from the exon arrays were processed using Partek Genomic Suite 6.4 (Partek Inc., St.
Louis, MO). The July 2007 mouse (Mus musculus) genome Build 37 assembly by NCBI
and the Mouse Genome Sequencing Consortium were used as reference genome. Exons
were summarized to genes to generate an overall expression signal value of the single
represented gene. Differentially expressed genes were identified using Analysis of Variance
(ANOVA). A tumor-related list of significantly differentially expressed genes with p < 0.05
and +2-fold variations was obtained. Unsupervised hierarchical clustering was performed
using Pearson's dissimilarity and Ward's method.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Retroviral integrations in SL3-3 3mGR and SL3-3 3mEgre induced tumors. Of 95 retroviral

integrations 78 were located within a 10 kb distance of a RefSeq gene representing a total of
52 different genes. Blue illustrating single hits, red illustrating multiple hits in the same
tumor at different locations and green illustrating common integrations in both SL3-3 3mGR
and SL3-3 3mEgre induced tumors. Integrations identified in the genomic region carrying
Gfil and Evi5 are registered so that integrations downstream of Evi5 are counted as Gfil
integrations and only integrations within the Evi5 gene itself are registered as Evi5
integrations. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of the article.)
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Fig. 2.

Unsupervised hierarchical clustering of tumor and normal samples for genes that passed the

criteria of +2-fold change and p < 0.05. Red: upregulated, green: downregulated. (A)

Upregulated in tumors, (B and D): upregulated in spleen tumors, downregulated in thymus
tumors, and (C) downregulated in tumors. (For interpretation of the references to color in

this figure legend, the reader is referred to the web version of the article.)
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thymus. Tumor 1D for tumors with integrations in the specific genes, as well as mean values

and standard deviations are indicated.
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Table 1

Overview of tumors and integrations. Neighboring genes within 10 kb of the retroviral integrations are

summarized in the table. T, thymus; S, spleen; LN, lymph node.
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Tumor

Tissueof integration Tissuefor array  Virus

Latency (days)

Integration

Gene name (symbol)

Hits2

04/478

04/512

04/524

04/525

04/712

04/1123

04/1260
04/1328

04/1345

03/12

LN

LN

LN

LN

S SL3-3 3mEgre

S SL3-3 3mEgre

S SL3-3 3mEgre

T SL3-3 3mEgre

S SL3-3 3mEgre

T,S SL3-3 3mEgre

SL3-3 3mEgre
SL3-3 3mEgre

T SL3-3 3mEgre

S SL3-3 3mGr

69

76

82

82

98

122

146
157

163

44

Cyclin D1 (Ccndl)

Moesin (Msn)

Thioredoxin reductase 2 (Txnrd2)
Growth factor independent 1 (Gfil)
Ecotropic viral integration site 5 (Evi5)

Family with sequence similarity 49,
member A (Fam49a)

Ecotropic viral integration site 5 (Evi5)
Peptidylprolyl isomerase E (Ppie)
Growth factor independent 1 (Gfil)

Oxysterol binding protein-like 1A
(Osbpl1a)

Testis-specific Y-encoded-like protein 4
(Tspyl4)

Related RAS viral (r-ras) oncogene
Homolog 2 (Rras2)/coatomer protein
complex, subunit beta 1 (Cobpl)

FYVE, RhoGEF and PH domain
containing 2 (Fgd2)

Growth factor independent 1 (Gfil)
Kaplan integration site 2 (Kis2)
Myelocytomatosis oncogene (Myc)
Sorting nexin 4 (Sx4)
MICAL-like 2 (Micall2)

Calcium/calmodulin-dependent serine
protein kinase (MAGUK family)
(Cask)/G protein-coupled receptor 34
(Gpr34)

Serglycin (Srgn)

Dihydrolipoamide S-succinyltransferase
(E2 component of 2-oxo-glutarate
complex) (Dlst)

WD repeat domain 44 (Wdr44)
LIM homeobox protein 9 (Lhx9)
Cyclin D1 (Ccndl)

Friend leukemia integration 1 (Flil)

Major histocompatibility complex, class
I-related (Mr1)/syntaxin 6 (Sx6)

Abelson helper integration site 1 (Ahil)/
myeloblastosis oncogene (Myb)

Cyclin D3 (Ccnd3)
Growth factor independent 1 (Gfil)
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Tumor  Tissueof integration Tissuefor array  Virus Latency (days) Integration
Gene name (symbol) Hitsd
03/21 LN S SL3-33mGr 48 Oxysterol binding protein-like 1A 1
(Osbpl1a)
Frequently rearranged in advanced T 1
cell lymphomas (Frat1)
Thioredoxin-related transmembrane 1
protein 2 (Tmx2)
Ecotropic viral integration site 5 (Evi5) 2
SH3-domain GRB2-like 3 (Sh3g13) 1
03/66 S S SL3-3 3mGr 51 Aryl hydrocarbon receptor nuclear 1
translocator-like (Arntl)
Sterile alpha motif domain containing 9- 1
like (Samd9l)
Growth factor independent 1 (Gfil) 2
RAS guanyl releasing protein 1 1
(RasGrpl)
Fanconi anemia, complementation group 1
L (Fancl)
Tripartite motif-containing 37 (Trim37) 1
03/94 T T,S SL3-3 3mGr 55 Male-specific lethal 3 homolog 1
(Drosophila) (Msl3)
Dynein, axonemal assembly factor 1 1
(Dnaafl)
Notch 1 (Notchl) 1
RAS guanyl releasing protein 1 2
(RasGrpl)
03/97 T S, T SL3-33mGr 55 Tubulin, beta 3 class 111 (Tubb3) 1
Cyclin D1 (Ccndl) 1
Myelocytomatosis oncogene (Myc) 1
03/127 S T SL3-3 3mGr 58 RAS guanyl releasing protein 1 1
(RasGrpl)
Zinc finger, MYND-type containing 8 2
(Zmynad8)
Calmodulin 3 (Calm3) 1
03/130 LN T SL3-33mGr 58 SH2 domain protein 1A (Sh2dla) 1
Growth factor independent 1 (Gfil) 2
Kringle containing transmembrane 1
protein 1
(Kremen1)/EMI domain containing 1 1
(Emid1) Myeloblastosis oncogene (Myb)
03/131 T T SL3-3 3mGr 58 Related RAS viral (r-ras) oncogene 1
homolog 2 (Rras2)/coatomer protein
complex, subunit beta 1 (Cobpl)
RAS guanyl releasing protein 1 2
(RasGrpl)
Chymotrypsin-like elastase family, 1
member 1 (Celal)
Trans-acting transcription factor 1 (Sp1) 1
Signal transducer and activator of 1

transcription 1 (Satl)
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Tumor  Tissueof integration Tissuefor array  Virus Latency (days) Integration
Gene name (symbol) Hitsd
03/196 LN T SL3-3 3mGr 65 Cyclin D2 (Ccnd2) 1
Ankyrin repeat domain 22 (Ankrd22) 1
03210 T S SL3-3 3mGr 68 Related RAS viral (r-ras) oncogene 1
homolog 2 (Rras2)/coatomer protein
complex, subunit beta 1 (Cobpl)
Clavesin 1 (Clvsl) 1
RAS guanyl releasing protein 1 1
(RasGrpl)
Cyclin D3 (Ccnd3) 1
Protein phosphatase 3, regulatory 1

subunit B, alpha isoform (calcineurin B,

type 1) (Ppp3rl)

a . T .
Number of integrations identified in or near the specific gene.
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Table 2
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Overview of deregulated of genes within 10 kbs of a retroviral integration. Tumor (T) vs. normal (N) fold
change is given.

Gene Description Thymustumors (fold change T Spleen tumors (fold change T vs.
vs. N) N
Gfil Growth factor independent 1 3.2* 10.8**
Ppie Peptidylprolyl isomerase E 2_0** 1_7**
Ankrd22  Ankyrin repeat domain 22 _1_7* —3.8**
Famd49a  Family with sequence similarity 49, member A _4_7** —2.8*
Arntl Aryl hydrocarbon receptor nuclear translocator-like _3.2* _2.0**
Sh2dla SH2 domain protein 1A 6.0**
Sh3gl3 SH3-domain GRB2-like 3 5.0*
Myb Myeloblastosis oncogene 26"
Trim37 Tripartite motif-containing 37 1.7**
Fgd2 FYVE, RhoGEF and PH domain containing 2 _23*
Cask Calcium/calmodulin-dependent serine protein kinase —2.0*
Fli1 Friend leukemia integration 1 —1.7*
Evi5 Ecotropic viral integration site 5 _17*
Txnrd2 Thioredoxin reductase 2 2_2**
Mr1 Major histocompatibility complex, class I-related —5.8**
Kremenl Kringle containing transmembrane protein 1 53
SIx6 Syntaxin 6 3 1**
Satl Signal transducer and activator of transcription 1 _2.0*
Micall2 ~ MICAL-like 2 18"
*
p < 0.05.
*x
p < 0.005.

Leuk Res. Author manuscript; available in PMC 2014 June 14.



