LETTER TO THE EDITOR

Gene expression profile of adult T-cell leukemia/lymphoma

with human T-cell lymphotropic virus type 1-infected

Hodgkin and Reed-Sternberg-like cells is more similar to

classic Hodgkin lymphoma than typical adult T-cell

leukemia/lymphoma

Adult T-cell leukemia/lymphoma (ATLL) is a mature T-cell
neoplasm associated with human T-cell leukemia virus
type 1 (HTLV-1) infection.! The most common histologi-
cal pattern is diffuse proliferation of pleomorphic tumor
cells, but several other histological variations have been
recognized.! Classic Hodgkin lymphoma (CHL) is a B-cell
lymphoma with characteristic Hodgkin and Reed-Sternberg
(HRS) cells. Using a new sensitive method that can detect
HTLV-1 viral products on formalin-fixed paraffin-embed-
ded (FFPE) samples, in situ hybridization for HTLV-1 basic
zipper factor (HBZ-ISH),2 we identified a new histological
pattern termed ATLL with HTLV-1-infected HRS-like cells
(ATLL-HH).? ATLL-HH is considered a unique histological
pattern of ATLL, with neoplastic HTLV-1-positive HRS-like
cells and non-neoplastic inflammatory cells, histologically
mimicking CHL.? Similar to HRS cells in CHL, HRS-like cells
in ATLL-HH express CD30 and CD15, but they are usual-
ly negative for PAX5 and often CD4-positive.? The tumor
microenvironment (TME) differs in terms of both quantity
and quality between ATLL and CHL.>* In this study, we
explored the pathological characteristics of both tumor
cells and the TME of ATLL-HH based on their comprehen-
sive gene expression profiles to elucidate where ATLL-HH
is pathologically located on the spectrum between typical
ATLL and CHL.

We analyzed 12 samples from 11 patients (1 recurrent case)
of ATLL-HH. The diagnosis of ATLL-HH was based on the
detection of HBZ-ISH-positive signals in HRS-like cells
using FFPE samples. The clinicopathological findings in 6
cases (patient numbers 1, 3-7; see Online Supplementary
Table S1A) were reported in a previous study.? We also
analyzed 8 CHL cases and 6 typical ATLL cases. The CHL
cases included 3 HTLV-1 carriers and 5 HTLV-1-negative
patients (Online Supplementary Table S1B). Among 3 cases
of CHL arising from HTLV-1 carriers, we confirmed that HRS
cells were HTLV-1-negative by HBZ-ISH, and the 2 cases
for which clonality analysis was available had a polyclonal
pattern for TRG rearrangement. Gene expression analysis
using nCounter (NanoString Technologies, Seattle, WA, USA)
and the PanCancer Immune Profiling panel (770 genes) was
performed for FFPE samples as described previously.® The
clustering analysis and analysis of differentially expressed

genes were carried out using nSolver Analysis Software
(https://nanostring.com/). Gene enrichment analysis was
performed using Enrichr. For immunohistochemical eval-
uation of TBET and IDO1, all pairwise comparisons were
carried out using the Mann-Whitney U test in EZR.” This
study was approved by the Institutional Review Board of
Nagoya University (2022-0406).

The clustering analysis (Figure 1A) demonstrated that AT-
LL-HH had analogous gene expression profiles and was
grouped within the same cluster as CHL, regardless of the
Epstein-Barr virus status of the CHL. In contrast, typical
ATLL formed a distinct cluster. Online Supplementary Table
S2 shows the top 30 genes up-regulated in ATLL-HH and
CHL compared to typical ATLL. Gene Ontology biological
process pathway enrichment analysis (Figure 1B) demon-
strated that 8 of the 10 pathways in ATLL-HH, compared
to typical ATLL, were identical to those in CHL. The tran-
scription factor protein-protein interaction (PPIl) analysis
identified involvement of the JAK/STAT pathway in both
ATLL-HH and CHL (Figure 1C). Based on these findings,
we focused on CCL17, STAT6, TBET, and IDO1, all of which
had significantly elevated expression in ATLL-HH and CHL
compared to typical ATLL (Figure 2A). The localization of
these proteins was analyzed by immunohistochemistry
in the 7 ATLL-HH cases, 5 CHL cases, and 5 typical ATLL
cases for which additional materials were available (Figure
3A-D). We analyzed phosphorylated STAT6 (pSTAT6) instead
of total STAT6 to more accurately assess the activation of
the JAK-STAT6 pathway. HRS(-like) cells were positive for
CCL17 in 5 of 7 ATLL-HH cases and in all 5 CHL cases. Sim-
ilarly, pSTAT6 expression was observed in HRS(-like) cells
in all 7 ATLL-HH cases and in all 4 evaluable CHL cases;
one case was not evaluable. CCL17 expression was largely
restricted to HRS(-like) cells, whereas pSTAT6 positivity
was also observed in a subset of lymphocyte-like and
endovascular cells, consistent with previous reports.® In
contrast, none of the typical ATLL cases exhibited pSTAT6-
or CCL17-positive tumor cells. The lower expression levels
of CCL17 and STAT6 in typical ATLL than in ATLL-HH and
CHL, as demonstrated by gene expression profiling, may
reflect the absence of HRS(-like) cells in typical ATLL. TBET
expression was observed mainly in lymphocytes, but also
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in HRS(-like) cells (30-80%) in all cases of ATLL-HH and to be macrophages/dendritic cells, and no IDO1-positive
CHL. Morphologically, IDO1-positive cells were considered HRS(-like) cells were observed. The numbers of TBET-pos-
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Figure 1. Comprehensive RNA expression analysis by nCounter. (A) Cluster analysis of the gene expression profiles of adult T-cell
leukemia/lymphoma (ATLL) with human T-cell leukemia virus type 1 (HTLV-1)-infected Hodgkin and Reed-Sternberg (HRS)-like
cells (ATLL-HH), classic Hodgkin lymphoma (CHL), and typical adult T-cell leukemia/lymphoma (ATLL). Arrows indicate Epstein-Barr
virus negative CHL. Arrowheads indicate the primary and relapsed lesions of the same case. (B) Gene enrichment analysis of
ATLL-HH, CHL, and typical ATLL by Enrichr using Gene Ontology (GO) Biological Process 2023. (C) Gene enrichment analysis of
ATLL-HH, CHL, and typical ATLL by Enrichr using transcription factor protein-protein interactions (PPI).
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itive and IDO1-positive TME cells were significantly higher
in ATLL-HH and CHL than in typical ATLL (Figures 2B, 3A-D).
CCL17 is a chemokine produced by HRS cells in CHL and
contributes to the T-cell-rich TME.® HRS cells reportedly
express CCL17 in 85% of CHL cases.”® In our study, HRS-like
cells in ATLL-HH were positive for CCL17, which suggests
that they had similar characteristics to HRS cells in CHL.
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STATG is a representative transcription factor in the JAK/
STAT pathway. In 87% of CHL cases, HRS cells have been
shown to have genetic dysregulation in the JAK/STAT path-
way." Immunohistochemical pSTAT6 positivity in HRS cells
was useful in distinguishing CHL from other histological
mimickers.? Our immunohistochemical analysis revealed
that HRS-like cells in ATLL-HH expressed pSTAT6, sug-
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Figure 2. Expression analysis of CCL17, STAT6, TBET and IDO1. (A) Boxplot of CCL17, STATG, TBET, and IDO1 RNA expression. (B)
Number of TBET-positive and IDO1-positive cells by immunohistochemistry. The average number of positive cells in three
high-power fields (HPF) (x400) was calculated. TBET-positive Hodgkin and Reed-Sternberg (HRS)-like cells were excluded. ATLL:
adult T-cell leukemia/lymphoma; ATLL-HH: ATLL with human T-cell leukemia virus type 1-infected Hodgkin and Reed-Stern-

berg-like cells; CHL: classic Hodgkin lymphoma. *P<0.05.
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gesting the importance of the JAK/STAT pathway in its cells into Th1 T cells. The TME of CHL consists of various
pathogenesis similar to CHL, as shown in the PPl analysis cells, including T cells, especially Th1 T cells, and CHL cas-
based on the gene expression profile. TBET is a transcription es with more TBET-positive cells have been reported to
factor important for the differentiation of CD4-positive T have better disease-specific survival.® We found numerous
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Figure 3. Representative immunostaining images. (A) CCL17, (B) pSTATG6, (C) TBET, and (D) IDO1 in adult T-cell leukemia/lympho-
ma (ATLL) with human T-cell leukemia virus type 1 (HTLV-1)-infected Hodgkin and Reed-Sternberg-like cells (ATLL-HH), classic
Hodgkin lymphoma (CHL), and typical ATLL. Magnification x400.
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TBET-positive cells in the TME of ATLL-HH, suggesting a
Th1-dominant TME in ATLL-HH similar to CHL. IDO1 is an
enzyme in the kynurenine pathway and a recently studied
immunosuppressive molecule. Overexpression of IDO1 in
macrophages and dendritic cells in the TME suppresses
effector T-cell function and induces Tregs, resulting in
immune tolerance Regarding the TME of CHL, cases with
more IDO1-positive macrophages have a worse progno-
sis. Significantly more IDO1-positive cells were found in
the TME of ATLL-HH than in typical ATLL, suggesting that
they play a role in the tumorigenesis of ATLL-HH through
immune tolerance.

One limitation of our study is the lack of comprehensive
clinical information; therefore, the prognostic significance of
the gene expression profiles remains unclear. Nevertheless,
ATLL-HH was associated with relatively high serum LDH and
sIL-2R levels, as well as frequent extranodal involvement
(Online Supplementary Table S1A). These findings may pro-
vide supportive information for distinguishing ATLL-HH from
CHL, although their diagnostic utility requires validation in
larger studies. Another unresolved issue is the cellular origin
of HRS-like cells in ATLL-HH. Although 5 cases showed a
clonal peak within a predominantly polyclonal background,
including cases in which the HRS-like cells were positive for
PAX5, these findings alone are insufficient to establish the
lineage of HRS-like cells in the absence of single-cell-based
analyses (Online Supplementary Table S1A, Online Supplemen-
tary Figure S7). A third limitation is that Hodgkin-like ATLL,"®
which has been reported to occur in HTLV-1 carriers with
CHL-like morphology, was not included in this study. The
morphology and number of atypical cells around HRS-like
cells in Hodgkin-like ATLL were diverse (data not shown), and
it was often difficult to clearly distinguish them from CHL
or typical ATLL. Further collection of cases and integrated
analysis of Hodgkin-like ATLL is in progress.

In conclusion, comprehensive gene expression profiling
revealed that ATLL-HH shares a molecular signature with
CHL. This similarity appears to be attributed to CCL17 ex-
pression and STAT6 activation in HRS-like cells, along with
the presence of numerous TBET-positive Th1 cells and
IDO1-positive cells in the TME. These shared pathological
features may support common therapeutic strategies tar-
geting both ATLL-HH and CHL.
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