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Genomic Profile of Chronic-type ATL

Analyses were performed using a FACSCalibur flow cytometer Results
(BD Biosciences) and Flow]Jo Version 7.2.4 software (TreeStar). Genomic alteration profiles of chronic- and acute-type
The detailed description of these analyses can be found in ATL

Supplementary Methods. To evaluate the genomic alterations of chronic- and acute-

type ATL, aCGH was performed for 62 patient samples (27

Statistical analysis cases of chronic-type and 35 cases of acute-type ATL; Table 1

Frequencies of genomic alterations were evaluated using and Supplementary Table S1). Figure 1A shows genomic
Fisher exact test, and cumulative acute transformation rates alteration profiles of chronic- and acute-type ATL. We iden-
were analyzed using Kaplan-Meier method. tified 362 MCRs (230 losses and 132 gains) among the altera-

All statistical analyses were performed with EZR (Saitama tions. These MCRs contained 1-3 protein-coding genes, which
Medical Center, Jichi Medical University, Saitama, Japan), are most likely the candidate genes of the alterations (15, 17).
which is a graphical user interface for R (The R Foundation Frequent alterations are supposed to especially contribute to
for Statistical Computing; ref. 21). the pathophysiology of the disease. MCRs that were found in

>
o0)

Chronic-type ATL (n = 27) Loss Frequency (%)

3 Acute-type ATL (n = 35) Chronic-type ATL (n = 27)

20 40 60 0 20 40 60
< *F'AT‘"M"W'IV’*"h *"&"’f"‘?"“"‘ k"h""“*“{' * 9p21.3_COKN2A, CDKN2B : . ! '
|

8 8q14-q15_SYNCRIP

«+ 1p13_CDS8 :*

* 10p11.2_CCDC7
Chr 1 2 3 4 5 6 7 8910 12 14 1719 22 *+10p11.2_ITGB1
9421.32_HNRPK, RMI1 [mmmmnien
6q22_MAN1A1 [mmmmmpm
Acute-type ATL (n = 35) 6q21_FYN b
6p23_ATXN1 )

9q22.1-q22.3_GABBR2

%‘ i 14g31_NRXN3 [rummml ]
MWM Aronilped = '
| . ‘ | 4 M [
Heterozygous loss mm Homozygous loss
. | -
2 R I

* P<0.05:*,P=0.09

o

Frequency (%)

I
”HUU””UU

50

Frequency (%)
0

Chr 1 2 3 4 56 7 8910 12 14 1719 22

C Gain Frequency (%) D Frequency (%)

Acute-type ATL (n = 35)  Chronic-type ATL (n = 27) Acute-type ATL (n = 35) Chronic-type ATL (n= 27)
0 20 40 0 20 40 0 25 50 0 25 50

14q32.2_EVL, DEGS2
9q34.3_RXRA
11p15.5_BRSK2, HCCA2
8p25.3_DUSP22
14q31-q32_ASB2
14932.12_RIN3
21q22.3_SLC37A1 =
9931-q34_LAMC3 [mmmmmmrim
9q33.3-q34.11_NEKS
18921.1_SMAD7
8q24_AGO2
934_DNM1, GOLGA2 2 = )

) 1q gain TS (]

|

- |
5 i

|

3p gain

n|”1

il

+3q gain

1 7q gain

19p gain

Y P=0.07
3 Gain mmAmplification

Figure 1. Genomic alteration profiles of chronic- and acute-type ATL. A, frequency of genomic alterations in chronic-type and acute-type ATL. Top, 27 cases
with chronic-type ATL; bottom, 35 cases with acute-type ATL. The horizontal axis indicates each probe aligned from chromosome 1 to 22 and the short arm (p)
to long arm (). The vertical axis indicates the frequency of genomic alterations among the analyzed cases. The top area represents gain and the bottom area
represents loss. Arrows represent characteristic alterations of acute-type ATL compared with chronic-type. B, MCRs encompassing 1-3 coding genes of
copy numberloss. MCRs found in greater than 20% of chronic-type or acute-type ATL are shown and ranked by frequency of alteration (left, acute type; right,
chronic type). Among these MCRs, loss of CDKN2A/CDKNZ2B located in 9p21.3, losses of CCDC7 and ITGB1 located in 10p11.2 were observed more
frequently in acute-type ATL. Loss of CD58 was also found more frequently in acute type than in the chronic type (Fisher exact test; *, P <0.05; **, P = 0.09).
Frequently altered MCRs in chronic-type ATL were also recognized in the acute type. C, MCRs of copy number gain. MCRs found in greater than 20% of
chronic-type or acute-type ATL are shown and ranked by frequency of alteration (left, acute type; right, chronic type). None of these MCRs were characteristic
of acute-type or chronic-type ATL. D, gains of chromosomes 1q, 3p, 3q, 7q, and 19p were observed in greater than 20% of acute-type and chronic-type ATL.
MCRs were not detected in any of these lesions. Gain of 3q was more frequently found in acute-type ATL than in the chronic type (*, P = 0.07).
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more than 20% of chronic- or acute-type ATL were therefore
analyzed (Fig. 1B and C).

Genomic loss of CDKN2A/CDKN2B was the first most fre-
quently altered MCR in acute-type ATL (17 of 35 cases). The
second most frequently altered MCR of acute-type ATL was
genomic loss of SYNCRIP (16 of 35 cases). On the other hand,
genomic losses of SYNCRIP and NRXN3 and gain of RXRA were
most frequently altered MCRs in chronic-type ATL (7 of 27
cases). Among these identified MCRs, the losses of CDKN2A4/
CDKN2B, CCDC7, and ITGBI were significantly characteristic
of acute-type ATL (Fig. 1B, P < 0.05). In addition, acute-type
ATL tended to have a loss of CD58 (Fig. 1B). The frequently
altered MCRs in chronic-type ATL were also found in acute-
type ATL (Fig. 1B and C). Gains of chromosomes 1q, 3p, 3q, 7q,
and 19p were also frequently observed in acute- and chronic-
type ATL, although they did not show MCRs (Fig. 1D). Among
these alterations, acute-type ATL tended to have a gain of 3q
(P = 0.07).

Frequent loss of CDKN2A/CDKN2B

Our analysis identified loss of CDKN2A/CDKN2B located in
9p21.3 as the most frequently and specifically altered genomic
region in acute-type ATL compared with chronic-type ATL.
Therefore, this loss is suggested to play an important role in the
pathophysiology of acute-type ATL and acute transformation
of chronic-type ATL.

Seventeen of the 35 acute-type ATL samples showed loss
of 9p21.3, which was also found in 5 of the 27 chronic-type
ATL samples. These losses always included CDKN2A/
CDKN2B (Fig. 2A). Homozygous loss of CDKN2A/CDKN2B
was observed in 10 of the 17 affected acute-type ATL
samples but was never observed in chronic-type ATL. The
genes whose expression was affected by copy number
changes are considered candidate genes in the regions of
genomic alterations (15, 22, 23). We therefore evaluated the
expressions of CDKN2A and CDKN2B in acute-type and
chronic-type ATL with or without loss of 9p (Fig. 2B).
CDKN2A expression was much lower in acute-type ATL
samples with the loss of 9p than in other samples. CDKN2B
expression was not reduced in accordance with the loss of
9p. Therefore, CDKN2A is a likely candidate tumor suppres-
sor gene located in 9p21.3.

Serial samples of a patient with chronic-type ATL showing
acute transformation were analyzed in detail. The DNA and
RNA samples of this patient at about 19 months before acute
transformation (chronic phase, C-10) and at acute transfor-
mation (acute phase, A-15) were available. Clonality analysis of
T-cell receptor gamma locus showed that clones of ATL cells at
chronic and acute phases were identical to each other (Sup-
plementary Fig. S1B). Although the chronic-phase sample
showed heterozygous loss of CDKN2A/CDKN2B, the acute-
phase sample showed homozygous loss of CDKN2A/CDKN2B
(Fig. 2C). In addition, the expression of CDKN2A was remark-
ably reduced in the acute phase (Fig. 2D). Analysis of these
serial samples of an identical patient also indicated that
CDKN2A is the most likely candidate gene located in 9p21.3
and that the loss of CDKN2A is associated with acute
transformation.

Frequently altered cell-cycle pathway in acute-type ATL

CDKNZ2A contains 2 known transcriptional variants, INK4a
(p16) and ARF (pl14). Both of these genes are known to be
negative regulators of the cell cycle. We next evaluated the
distributions of genomic alterations of CDKN24 with other
genes that were previously reported to affect the cell cycle (Fig.
2E; ref. 24). Our analysis revealed that losses of CDKN2A4 and
losses of TP53 tended to be mutually exclusive events, and this
pattern was also observed for losses of TP53 and gains of
MDM4/RFWD?2. These alterations of cell-cycle-related genes
were specifically observed in acute-type ATL compared with
chronic-type ATL (80% of acute-type and 56% of chronic-type
ATL, P < 0.05; Fig. 2F). Among chronic-type ATL cases, those
with acute transformation tended to have alterations of cell-
cycle-related genes (Fig. 2G). GSEA also revealed that the cell-
cycle-related gene set and genes functionally associated with
proliferation were significantly enriched in acute-type ATL
compared with chronic-type ATL (Supplementary Fig. S1C).

These results indicated that alterations of the cell-cycle
pathway, including the genomic loss of CDKN24, played critical
roles in the pathophysiology of acute-type ATL and acute
transformation of chronic-type ATL. In vitro assays showed
that inductions of INK4a or ARF that are encoded by CDKN2A
caused suppression of cell proliferation, cell-cycle arrest, and
apoptosis in ATL cell lines with genomic loss of 9p21.3 (Sup-
plementary Fig. S2).

Genomic alterations of CD58 in ATL

In addition to loss of CDKN2A/CDKN2B, we found that losses
of CCDC7, ITGBI, and CD58 and gain of chromosome 3q were
more frequently recognized in acute-type ATL than in chronic-
type ATL. Alterations of cell-cycle-related genes, including
CDKNZ2A, are considered important events for the transforma-
tion described above. We therefore analyzed the distributions
of alterations of cell-cycle-related genes and the genes that
were characteristic of acute-type ATL in each type of ATL case
(Fig. 3). This analysis revealed that alterations of cell-cycle-
related genes and the gene alterations characteristic of acute-
type ATL mainly coexisted. A case having the loss of CD58 or
gain of 3q without alterations of cell cycle existed for each type
of ATL, although all cases with losses of ITGBI and CCDC7
showed the alterations of cell-cycle-related genes.

In chronic-type ATL cases without alterations of cell-cycle-
related genes, a case with loss of CD58 showed acute trans-
formation later, although a case with gain of 3q did not exhibit
the transformation without any therapy during 30 months
after the diagnosis. CD58 is a gene known to be involved in
activation of natural killer (NK) cells and cytotoxic T cells (CTL;
refs. 25, 26). Inactivation of CD58 is reported to play an
important role in the pathophysiology of diffuse large B-cell
lymphoma (DLBCL) through the mechanism of escape from
the immunosurveillance system (20). Recurrent mutation of
CD58 has also been observed recently in PTCLs (19). We
therefore further analyzed CD58 in ATL.

Analyses using aCGH revealed that 26% (9 of 35) of acute-
type ATL and 7% (2 of 27) of chronic-type ATL had genomic
loss of 1p13 (Figs. 1B and 4A). These losses always included
CD58 and one case showed genomic loss that only included
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Figure 2. Loss of 9p was mainly observed in acute-type ATL and not chronic-type ATL. A, genomic alterations of chromosome 9p, including CDKN2A/
CDKN2B. Heatmap analysis of 400K aCGH shows logz ratios of tumor cells relative to normal controls. White, blue, and red represent diploid, loss,
and gain, respectively. Arrowhead, the CDKN2A/CDKN2B locus. B, gene expression levels of CDKN2A and CDKN2B. Gene expression levels of
CDKN2A and CDKN2B were analyzed in 13 chronic-type and 21 acute-type ATL cases by GEP. Average gene expressions and SDs are shown in
cases grouped as indicated. CDKN2A expression was reduced only in acute-type ATL cases exhibiting loss of COKN2A/CDKN2B. CDKN2B
expression did not change in relation to genomic loss or subtype. Probes of A_23_P43484 (CDKN2A) and A_23_P216812 (CDKN2B) were used in
experiments. C, genomic alteration of 9p in serial samples of a case with chronic type showing acute transformation. Left, a heatmap of the logz
ratio in the chronic phase; right, a heatmap of the ratio in the acute phase. The sample in the chronic phase indicates a heterozygous loss

of the CDKN2A/CDKNZ2B locus and the loss changes to a homozygous loss for the sample in the acute phase. D, gene expressions of CDKN2A and
CDKN2B in serial samples. CDKN2A expression was remarkably reduced in the acute phase, but CDKN2B expression was almost identical
during transformation in this case. Gray, the chronic phase; black, the acute phase. E, alterations of cell-cycle-related genes in chronic-type and
acute-type ATL. In the heatmap, rows correspond to the indicated alterations and columns represent individual ATL cases. Gray, a heterozygous
loss or gain; black, a homozygous loss. Losses of CDKN2A and TP53 tended to be mutually exclusive, and losses of TP53 and gains of
MDM4/RFWD2 showed a similar tendency. F, alteration frequency of cell-cycle-related genes. Genetic alteration frequency of cell-cycle-related
genes was significantly higher in acute-type ATL cases (80%) than in chronic-type ATL (56%; Fisher exact test; *, P < 0.05). The actual number of
affected samples over the total number analyzed is shown at top of the figure. G, alteration frequency of cell-cycle~related genes among
chronic-type ATL cases. The frequency of alterations of cell-cycle-related genes was higher in cases with later acute transformation than in cases
without acute transformation.
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Figure 3. Distribution of genomic alterations frequently observed in acute-
type ATL among ATL samples. Heatmap with rows corresponding to the
indicated alterations and columns representing individual ATL cases.
Gray, a heterozygous loss or gain; black, a homozygous loss. Dark
gray also shows the alterations of any cell-cycle-related gene. Alterations
frequently found in acute-type ATL were not mutually exclusive of the
alteration of cell-cycle-related genes. Cases with losses of /ITGB1 and
CCDC7 always exhibited the alterations of cell-cycle-related genes.
Most cases with loss of CD58 or gain of 3q also exhibited the alterations
of cell-cycle-related genes, but a case showing the loss of CD58 or
gain of 3q without disruption of the cell cycle existed in each type of ATL.
The loss of CD58 and gain of 3q were aimost mutually exclusive, except
for two cases of acute-type ATL.

CD58. Homozygous loss of CD58 was observed only in acute-
type ATL samples. Furthermore, expression of CD58 was
reduced in acute-type ATL cases accompanied with the
genomic loss (Fig. 4B). Flow cytometric analyses also sug-
gested that genomic loss of CD58 reduced the expression on
the cell surfaces (Fig. 4C). Sequence analysis of CD58
revealed a nonsense mutation in one acute-type ATL case.
This mutation indicated that the 97th position of serine
changed to a stop codon (p.S97X; ¢.290C>A; Fig. 4D). The

nontumor cells of this patient showed no mutation, and we

therefore regarded this mutation as a somatic mutation.
One-nucleotide substitution registered as an SNP in the
NCBI database (http://www.ncbinlm.nih.gov/gene/) was
found in 7 cases (c.43A>G; rs17426456; Supplementary Table
S2). Combined with the results of the genomic and mutation
analyses, 29% of acute-type and 7% of chronic-type ATL had
genetic alteration of CD58. These alterations were signifi-
cantly specific to acute-type ATL compared with chronic-
type ATL (Fig. 4E, P = 0.05).

In addition to the alteration of CD58, inactivation of B2M is
also reported to play a pivotal role in the immune escape
mechanism of DLBCLs (20). Among analyzed cases, only a
chronic-type ATL case (C-2) had heterozygous loss of B2}, and
this case also showed heterozygous loss of CD58 (Supplemen-
tary Table $2). No somatic mutations of B2M were observed in
ATL cases analyzed.

Genomic alterations predicting acute transformation of
chronic-type ATL

We investigated the associations of MCRs that were char-
acteristic of acute-type ATL and that were commonly found in
more than 20% of chronic- and acute-type ATL with cumula-
tive acute transformation rates among chronic-type ATL cases
(Supplementary Table S3).

Cases exhibiting gain of RXRA and loss of ITGB1, CCDC7, or
CD58 were significantly associated with early progression to
acute-type ATL (P = 0.01, 0.02, 0.02, and 0.04, respectively; Fig.
5A). Chronic-type ATL cases having the alterations of cell-
cycle-related genes also tended to show early progressions to
acute-type ATL (P = 0.07; Fig. 5B), although cases having only
the loss of CDKN2A were not significantly associated with the
progression (Supplementary Table S3). A chronic-type ATL
case with losses of ITGBI and CCDC7 had the alterations of cell-
cycle-related genes, and we therefore analyzed the chronic-
type ATL cases by the presence of alterations of CD58 and/or
cell-cycle-related genes. This analysis revealed that cases with
these alterations were specifically associated with earlier pro-
gression to acute-type ATL (P = 0.03, Fig. 5C).

Discussion

We have studied 27 cases of chronic-type ATL and compared
with 35 cases of acute-type ATL. Until now, only a few chronic-
type ATL cases had been analyzed, and the molecular mechan-
isms of the transformation were investigated by focusing on
the well-known tumor suppressor genes (CDKN2A4 and TP53;
refs. 6-12). In contrast, our investigation comprehensively
analyzed genomic profiles, and molecular aspects were ana-
lyzed using unbiased and whole-genome methods. Our study of
chronic-type ATL represents the largest study to date that has
analyzed the whole-genomic status of chronic-type ATL cases.
We could identify characteristic molecular profile of chronic-
type ATL and could demonstrate possible molecular mechan-
isms of acute transformation. This study suggested that altera-
tions of cell-cycle-related genes and CD58 are new predictive
implications for chronic-type ATL (Fig. 5C).

Common genomic alterations in chronic- and acute-type
ATL

Genomic alteration profiles of chronic- and acute-type ATL
were found to be almost identical (Fig. 1). The number of
genomic alterations was found to be higher in acute-type ATL
than in the chronic-type, and the frequently altered regions of
chronic-type ATL were also observed in the acute-type. Thus,
chronic-type ATL might be a pre-acute form of the disease.

The common MCRs in chronic- and acute-type ATL includ-
ed genes involving T-cell receptor signaling, such as FYN and
SYK (27, 28). We also identified SYNCRIP as a common MCR in
both types of ATL. SYNCRIP is a gene known to be involved in
maturation of mRNA (29). RXRA, which has been reported to be
implicated in colorectal carcinogenesis (30), is also frequently
altered in both types of ATL. In addition, our analysis suggested
that gain of RXRA is involved in acute transformation of
chronic-type ATL because the chronic-type ATL possessing
the gain of RXRA showed earlier progression to the acute-type.
These MCRs may play important roles in the development of
ATL coordinately with HTLV-1.

Deregulation of the cell-cycle pathway: an alteration
related to acute transformation

Our analyses of genomic alterations revealed that no single
genomic alteration seems to be responsible for the mechanism
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Figure 4. Alteration of CD58 in acute transformation of chronic-type ATL. A, genomic alterations of chromosome 1p, including CD58. Heatmap analysis of
400K aCGH shows logz ratios of ATL cases. White, blue, and red represent diploid, loss, and gain, respectively. Arrowhead, the CD58 locus. B, gene
expression levels of CD58. Expression was analyzed in 13 chronic-type and 21 acute-type ATL cases by GEP. Average gene expressions and SDs are
shown in cases grouped as indicated. CD58 expression was reduced only in acute-type ATL cases exhibiting loss of CD58. Probe A_23_P138308 (CD58) was
used in experiments. C, CD58 expressions on ATL cell lines and peripheral blood mononuclear cells (PBMC). Flow cytometric analysis of PBMCs

from a healthy donor and two ATL cell lines for surface CD58 expression (orange line, PBMCs; blue line, ST1; red line, Su9T01). ST1 with heterozygous
loss of CD58 had the low expression. The gray lines represent the cell lines with the isotype control antibody. D, DNA sequencing chromatogram of an acute-
type ATL case (A-35) showing nonsense mutation in exon 2 of CD58 (top). DNA extracted from nontumor cells (CD4-negative cells in peripheral blood
of this patient) did not show the mutation (middle). Bottom, a schematic representation of the CD58 protein depicting the location of the single peptide (SP),
Ig-like domain, and transmembrane domain (TM). The inverted triangle indicates the position of the mutation. E, characterization of CD58 alteration in ATL.
Seven percent of chronic-type ATL cases showed genomic loss of CD58, whereas 29% of acute-type ATL cases showed genomic alteration of CD58,
with one case exhibiting mutation (Fisher exact test; P = 0.05).

of acute transformation, and various genomic alterations and Although previous studies using Southern blot analysis

combinations of alterations exist in this mechanism (Fig. 3).
We found that deregulation of the cell cycle, including genomic
loss of CDKN2A, might be an important event in the transfor-
mation. Genomic loss of CDKN2A was also reported to play a
crucial role in the transformation of chronic lymphocytic
leukemia known as Richter syndrome (31, 32).

revealed that 11% to 17% of acute-type ATL had the homozy-
gous loss of CDKN2A (7, 9), our analyses using unbiased and
whole-genome methods were able to reveal the frequency of
the loss in greater detail. We found that approximately 30% of
acute-type ATL cases showed a homozygous loss of the
CDKN2A/CDKN2B locus, and 50% of acute-type ATL cases
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Figure 5. Genomic alterations associated with acute transformation in chronic-type ATL. A, genomic loss of CD58 was significantly associated with earlier
acute transformation (P = 0.04). B, chronic-type ATL cases with alterations of cell-cycle-related genes tended to exhibit earlier progression to acute-type ATL
(P = 0.07). C, cases with either CD58 loss or alterations of cell-cycle-related genes showed a much shorter time to acute transformation within chronic-type

ATL cases (P = 0.03).

exhibited the homozygous or heterozygous loss of this locus.
Yamagishi and colleagues used high-resolution aCGH analyses
and found that this loss was frequently found in ATL samples
(33). We also found that 5 of 27 chronic-type ATL cases had
heterozygous loss of CDKN2A. Three of the 5 cases with
CDKN2A loss progressed to the acute type, but 11 of the 22
cases without CDKN2A loss also showed acute transformation.
Because of this finding, CDKN2A loss was not significantly
associated with the earlier acute transformation in our study
(Supplementary Table S3). Although previous studies revealed
that approximately 5% of chronic-type had this loss (7, 9, 10),
these previous studies did not show the cumulative acute
transformation rate according to CDKN2A loss.

CDKN2A expression was reduced in acute-type ATL samples
exhibiting genomic loss of the CDKN2A locus. A portion of
acute-type ATL cases without the genomic loss showed a low
expression level of CDKIN2A, suggesting that methylation of the
gene might affect the expression in these samples (11, 12).
However, we consider that the genomic loss of CDKN2A has a
greater influence on the expression of the gene than the
methylation because the CDKN2A expression levels were
remarkably reduced in accordance with the genomic loss (Fig.
2B and D).

Alterations of both CDKN2A and TP53 were previously
reported to be mutually exclusive (34), and our results showed
the same trend. In addition, loss of TP53 and gains of MDM4/
RFWD2 tended to be mutually exclusive in our acute-type ATL
samples. Because these genes are involved in the TP53 path-
way, our findings indicate that the TP53 pathway may also play
a pivotal role in the pathophysiology of acute-type ATL. In fact,
80% of acute-type ATL had the alterations of cell-cycle-related
genes, including CDKN2A and TP53. On the basis of this finding,
we found that the alterations of cell-cycle-related genes might
be predictive factors for acute transformation in chronic-type
ATL cases (Fig. 5B).

Disruption of the immunosurveillance system in acute
transformation of chronic-type ATL

The combined analyses of aCGH and sequencing revealed
that 19% of ATL cases (7% of chronic-type and 29% of acute-type

ATL) exhibited the CD58 alteration. One acute-type ATL case
showed somatic mutation, and the other cases showed genomic
loss of the CD58 locus. The alteration of B2M was a rare event in
ATL compared with DLBCL (20). CD58 is a ligand of the CD2
receptor that is expressed on CTLs and NK cells and contributes
to adhesion and activation of these cells. Previous reports
showed that CTLs and NK cells could not recognize and injure
target cells when treated with monoclonal CD58 antibody
(35, 36). It is important to note that immune escape mechanism
by CD58 inactivation was proven in DLBCL by Challa-Malladi
and colleagues (20). The genomic loss and nonsense mutation of
CD58 were for the first time demonstrated in ATL in this study
and were suggested to be a predictive marker for acute trans-
formation in chronic-type ATL. Therefore, the immune escape
mechanism by the CD58 inactivation is likely to be involved in
the pathophysiology of ATL as shown in DLBCL although
detailed analysis is needed in the future.

Administration of immunosuppressive drugs to HTLV-1
carriers is currently considered a risk factor for early devel-
opment of ATL (37, 38). It has been also suggested that immune
escape from CTLs is induced by inactivation of the Tax protein
derived from HTLV-1 in ATL (39-41). In addition, a report also
suggested that immune escape from NK cells played an impor-
tant role in ATL development (42). These findings suggest the
presence of an immune escape mechanism in the pathophys-
iology of ATL. The present result regarding the significance of
CD58 alteration as a predictive factor for acute transformation
in chronic-type ATL should be validated in more number of
cases in the future study. Further studies are also needed
regarding the protein expressions of CD58, B2M, and human
leukocyte antigen class L

In conclusion, our comparison of the molecular character-
istics of chronic-type and acute-type ATL revealed that dereg-
ulation of the cell cycle and escape from the immune system
are likely to be involved in acute transformation of chronic-
type ATL. Development of ATL is thought to involve accumu-
lation of several genomic alterations (43). The alterations of
both pathways discovered in this study might be the late events
following viral infection in the pathophysiology of ATL. These
alterations could serve as biomarkers for patients with
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chronic-type ATL. Furthermore, the presence of genomic altera-
tions related to immune escape should be considered in the
development of immunotherapeutic approaches for ATL.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Authors' Contributions

Conception and design: N. Yoshida, A. Utsunomiya, K. Tsukasaki, A. Umino,
M. Seto

Development of methodology: K. Karube

Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): N. Yoshida, A. Utsunomiya, K. Tsukasaki, Y. Imaizumi,
N. Taira, K. Arita, S. Tsuzuki, K. Ohshima

Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): N. Yoshida, A. Utsunomiya, K. Arita, M. Suguro,
S. Tsuzuki

Writing, review, and/or revision of the manuscript: N. Yoshida, K. Karube,
A. Utsunomiya, K. Tsukasaki, T. Kinoshita, M. Seto

Administrative, technical, or material support (i.e., reporting or orga-
nizing data, constructing databases): A. Utsunomiya, N. Uike, T. Kinoshita,
M. Seto

Study supervision: K. Karube, M. Seto

References

1. Uchiyama T, Yodoi J, Sagawa K, Takatsuki K, Uchino H. Adult T-cell
leukemia: clinical and hematologic features of 16 cases. Blood
1977,50:481-92.

2. Ohshima K, Jaffe E, Kikuchi M. Adult T-cell leukemia/lymphoma. In:
Swerdlow SH CE, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J,
Vardiman JW, editors. World Health Organization classification of
tumours: pathology and genetics of tumours of haematopoietic and
lymphoid tissues pathology and genetics of tumours of haematopoie-
tic and lymphoid tissues 4th ed. Lyon, France: IARC Press; 2009.
p. 281-4.

3. Shimoyama M. Diagnostic criteria and classification of clinical sub-
types of adult T-cell leukaemia-lymphoma. A report from the Lym-
phoma Study Group (1984-87). Br J Haematol 1991;79:428-37.

4. TakasakiY, lwanaga M, Imaizumi Y, Tawara M, Joh T, Kohno T, et al.
Long-term study of indolent adult T-cell leukemia-lymphoma. Blood
2010;115:4337-43.

5. Tsukasaki K, Hermine O, Bazarbachi A, Ratner L, Ramos JC, Harring-
ton W Jr, et al. Definition, prognostic factors, treatment, and response
criteria of adult T-cell leukemia-lymphoma: a proposal from an inter-
national consensus meeting. J Clin Oncol 2009;27:453-9.

6. Sakashita A, Hattori T, Miller CW, Suzushima H, Asou N, Takatsuki K,
et al. Mutations of the p53 gene in adult T-cell leukemia. Blood
1992;79:477-80.

7. HattaY, Hirama T, Miller CW, Yamada Y, Tomonaga M, Koeffler HP.
Homozygous deletions of the p15 (MTS2) and p16 (CDKN2/MTS1)
genes in adult T-cell leukemia. Blood 1995;85:2699-704.

8. Nishimura S, Asou N, Suzushima H, Okubo T, Fujimoto T, Osato M,
etal. p53 gene mutation and loss of heterozygosity are associated with
increased risk of disease progression in adult T cell leukemia. Leuke-
mia 1995;9:598-604.

9. Uchida T, Kinoshita T, Watanabe T, Nagai H, Murate T, Saito H, et al.
The CDKN2 gene alterations in various types of adult T-cell leukaemia.
Br J Haematol 1996;94:665-70.

10. Yamada Y, Hatta Y, Murata K, Sugawara K, lkeda S, Mine M, et al.
Deletions of p15 and/or p16 genes as a poor-prognosis factor in adult
T-cell leukemia. J Clin Oncol 1997;15:1778-85.

11. Trovato R, Cereseto A, Takemoto S, Gessain A, Watanabe T, Wald-
mann T, et al. Deletion of the p16INK4A gene in ex vivo acute adult T
cell lymphoma/leukemia cells and methylation of the p16INK4A pro-
moter in HTLV type I-infected T cell lines. AIDS Res Hum Retroviruses
2000;16:709-13.

12. Nosaka K, Maeda M, Tamiya S, Sakai T, Mitsuya H, Matsuoka M.
Increasing methylation of the CDKN2A gene is associated with the
progression of adult T-cell leukemia. Cancer Res 2000;60:1043-8.

Acknowledgments

The outstanding technical assistance of Yumiko Kasugai, Seiko Sato, and
Kyoko Hirano is very much appreciated. The authors thank Drs. Takashi
Miyagi, Sivasundaram Karnan, Harumi Kato, Kiyoko Yamamoto, Fang Liu,
Tatsuo Kakiuchi, and Taishi Takahara for their critical discussions and
constructive suggestions. N. Yoshida also thanks Drs. Akira Sakai, Yuta
Katayama, Hideki Asaoku, and Tatsuo Ichinohe for their encouragement
throughout this study.

Grant Support

This work was supported in part by a grant-in-Aid from the Ministry of Health,
Labor and Welfare of Japan, the Ministry of Education, Culture, Sports, Science
and Technology of Japan, the Japan Society for the Promotion of Science (N.
Yoshida, K. Karube, S. Tsuzuki, and M. Seto), a grant-in-Aid for Cancer Research
from the Ministry of Health, Labor and Welfare of Japan (M. Seto), and a grant-in-
Aid from the Takeda Science Foundation (M. Seto).

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate this
fact.

Received March 6, 2014; revised June 30, 2014; accepted July 22, 2014;
published OnlineFirst October 15, 2014.

13. TsukasakiK, Krebs J, Nagai K, Tomonaga M, Koeffler HP, Bartram CR,
et al. Comparative genomic hybridization analysis in adult T-cell
leukemia/lymphoma: correlation with clinical course. Blood 2001;97:
3875-81.

14. Umino A, Nakagawa M, Utsunomiya A, Tsukasaki K, Taira N,
Katayama N, et al. Clonal evolution of adult T-cell leukemia/lymphoma
takes place in the lymph nodes. Blood 2011;117:5473-8.

15. Karube K, Nakagawa M, Tsuzuki S, Takeuchi |, Honma K, Nakashima
Y, et al. Identification of FOXO3 and PRDM1 as tumor-suppressor
gene candidates in NK-cell neoplasms by genomic and functional
analyses. Blood 2011;118:3195-204.

16. Yoshida N, Nishikori M, Izumi T, Imaizumi Y, Sawayama Y, Niino D,
et al. Primary peripheral T-cell lymphoma, not otherwise specified of
the thyroid with autoimmune thyroiditis. Br J Haematol 2013;161:
214-23.

17. Pasqualucci L, Trifonov V, Fabbri G, Ma J, Rossi D, Chiarenza A, et al.
Analysis of the coding genome of diffuse large B-cell lymphoma. Nat
Genet 2011;43:830-7.

18. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette
MA, et al. Gene set enrichment analysis: a knowledge-based approach
for interpreting genome-wide expression profiles. Proc Natl Acad Sci
U S A 2005;102:15545-50.

19. Palomero T, Couronne L, Khiabanian H, Kim MY, Ambesi-Impiombato
A, Perez-Garcia A, et al. Recurrent mutations in epigenetic regulators,
RHOA and FYN kinase in peripheral T cell lymphomas. Nat Genet
2014;46:166-70.

20. Challa-Malladi M, Lieu YK, Califano O, Holmes AB, Bhagat G, Murty
WV, et al. Combined genetic inactivation of beta2-Microglobulin and
CD58 reveals frequent escape from immune recognition in diffuse
large B cell lymphoma. Cancer Cell 2011;20:728-40.

21. Kanda Y. Investigation of the freely available easy-to-use software
‘EZR' for medical statistics. Bone Marrow Transplant 2013;48:
452-8.

22. Lenz G, Wright GW, Emre NC, Kohlhammer H, Dave SS, Davis RE, et al.
Molecular subtypes of diffuse large B-cell lymphoma arise by distinct
genetic pathways. Proc Natl Acad Sci U S A 2008;105:13520-5.

23. Honma K, Tsuzuki S, Nakagawa M, Tagawa H, Nakamura S, Mor-
ishima Y, et al. TNFAIP3/A20 functions as a novel tumor suppressor
gene in several subtypes of non-Hodgkin lymphomas. Blood
2009;114:2467-75.

24. Monti S, Chapuy B, Takeyama K, Rodig SJ, Hao Y, Yeda KT, et al.
Integrative analysis reveals an outcome-associated and targetable
pattern of p53 and cell cycle deregulation in diffuse large B cell
lymphoma. Cancer Cell 2012;22:359-72.

www.aacrjournals.org

Downloaded from cancerres.aacrjournals.org on January 15, 2015. © 2014 American Association for Cancer Research.

Cancer Res; 74(21) November 1, 2014

164

6137



6138

Published OnlineFirst October 15, 2014; DOI: 10.1158/0008-5472.CAN-14-0643

Yoshida et al.

25,

26.

27.

28.

29.

30.

31.

32.

33.

Kanner SB, Damle NK, Blake J, Aruffo A, Ledbetter JA. CD2/LFA-3
ligation induces phospholipase-C gamma 1 tyrosine phosphorylation
and regulates CD3 signaling. J Immunol 1992;148:2023-9.

Wang JH, Smolyar A, Tan K, Liu JH, Kim M, Sun ZY, et al. Structure of a
heterophilic adhesion complex between the human CD2 and CD58
(LFA-3) counterreceptors. Cell 1999;97:791-803.

Martelli MP, Lin H, Zhang W, Samelson LE, Bierer BE. Signaling via LAT
(linker for T-cell activation) and Syk/ZAP70 is required for ERK acti-
vation and NFAT transcriptional activation following CD2 stimulation.
Blood 2000;96:2181-90.

Salmond RJ, Filby A, Qureshi |, Caserta S, Zamoyska R. T-cell receptor
proximal signaling via the Src-family kinases, Lck and Fyn, influences
T-cell activation, differentiation, and tolerance. Immunol Rev
2009;228:9-22.

Mizutani A, Fukuda M, Ibata K, Shiraishi Y, Mikoshiba K. SYNCRIP, a
cytoplasmic counterpart of heterogeneous nuclear ribonucleoprotein
R, interacts with ubiquitous synaptotagmin isoforms. J Biol Chem
2000;275:9823-31.

Egan JB, Thompson PA, Ashbeck EL, Conti DV, Duggan D, Hibler E,
et al. Genetic polymorphisms in vitamin D receptor VDR/RXRA influ-
ence the likelihood of colon adenoma recurrence. Cancer Res
2010;70:1496-504.

Chigrinova E, Rinaldi A, Kwee |, Rossi D, Rancoita PM, Strefford JC,
et al. Two main genetic pathways lead to the transformation of chronic
lymphocytic leukemia to Richter syndrome. Blood 2013;122:2673-82.
Fabbri G, Khiabanian H, Holmes AB, Wang J, Messina M, Mullighan
CG, et al. Genetic lesions associated with chronic lymphocytic leu-
kemia transformation to Richter syndrome. J Exp Med 2013;210:2273-
88.

Yamagishi M, Nakano K, Miyake A, Yamochi T, Kagami Y, Tsutsumi A,
et al. Polycomb-mediated loss of miR-31 activates NIK-dependent
NF-kappaB pathway in adult T cell leukemia and other cancers. Cancer
Cell 2012;21:121-35.

36.

37.

39.

40.

41,

42.

43.

. Tawara M, Hogerzeil SJ, Yamada Y, Takasaki Y, Soda H, Hasegawa H,

et al. Impact of p53 aberration on the progression of Adult T-cell
Leukemia/Lymphoma. Cancer Lett 2006;234:249-55.

. Altomonte M, Gloghini A, Bertola G, Gasparollo A, Carbone A,

Ferrone S, et al. Differential expression of cell adhesion molecules
CD54/CD11a and CD58/CD2 by human melanoma cells and func-
tional role in their interaction with cytotoxic cells. Cancer Res
1993;53:3343-8.

Gwin JL, Gercel-Taylor C, Taylor DD, Eisenberg B. Role of LFA-3,
ICAM-1, and MHC class | on the sensitivity of human tumor cells to LAK
cells. J Surg Res 1996;60:129-36.

Kawano N, Shimoda K, Ishikawa F, Taketomi A, Yoshizumi T, Shimoda
S, et al. Adult T-cell leukemia development from a human T-cell
leukemia virus type | carrier after a living-donor liver transplantation.
Transplantation 2006;82:840-3.

. Yoshizumi T, Shirabe K, Ikegami T, Kayashima H, Yamashita N, Morita

K, etal. Impact of human T cell leukemia virus type 1 in living donor liver
transplantation. Am J Transplant 2012;12:1479-85.

Kannagi M, Harashima N, Kurihara K, Ohashi T, Utsunomiya A,
Tanosaki R, et al. Tumor immunity against adult T-cell leukemia.
Cancer Sci 2005;96:249-55.

Matsuoka M. Human T-cell leukemia virus type | (HTLV-I) infection and
the onset of adult T-cell leukemia (ATL). Retrovirology 2005;2:27.
Suzuki S, Masaki A, Ishida T, lto A, Mori F, Sato F, et al. Tax is a
potential molecular target for immunotherapy of adult T-cell leukemia/
lymphoma. Cancer Sci 2012;103:1764-73.

Stewart SA, Feuer G, Jewett A, Lee FV, Bonavida B, Chen IS. HTLV-1
gene expression in adult T-cell leukemia cells elicits an NK cell
response in vitro and correlates with cell rejection in SCID mice.
Virology 1996;226:167-75.

Okamoto T, Ohno'Y, Tsugane S, Watanabe S, Shimoyama M, Tajima K,
et al. Multi-step carcinogenesis model for adult T-cell leukemia. Jpn
J Cancer Res 1989;80:191-5.

Cancer Res; 74(21) November 1, 2014

Cancer Research

Downloaded from cancerres.aacrjournals.org on January 15, 2015. © 2014 American Association for Cancer Research.

165



Published OnlineFirst October 15, 2014; DOI: 10.1158/0008-5472.CAN-14-0643

AR

Cancer Research

Molecular Characterization of Chronic-type Adult T-cell
Leukemia/Lymphoma

Noriaki Yoshida, Kennosuke Karube, Atae Utsunomiya, et al.

Cancer Res 2014;74:6129-6138. Published OnlineFirst October 15, 2014.

Updated version

Supplementary
Material

Access the most recent version of this article at:
doi:10.1158/0008-5472.CAN-14-0643

Access the most recent supplemental material at:
http://cancerres.aacrjournals.org/content/suppl/2014/09/09/0008-5472.CAN-14-0643.DC1.html

Cited Articles

This article cites by 42 articles, 20 of which you can access for free at:
http://cancerres.aacrjournals.org/content/74/21/6129.full. html#ref-list-1

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.

To request permission to re-use all or part of this article, contact the AACR Publications Department at
permissions@aacr.org.

Downloaded from cancerres.aacrjournals.org on January 15, 2015. © 2014 American Association for Cancer Research.

166







