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Analysis of Notchl protein expression in methotrexate-
associated lymphoproliferative disorders

Takeshi Okatani,"” Midori Filiz Nishimura,” Yuria Egusa,” Sayako Yoshida,”

Yoshito Nishimura,*> Asami Nishikori,” Tadashi Yoshino,? Hidetaka Yamamoto,” Yasuharu Sato®

Methotrexate (MTX)-associated lymphoproliferative disorder (MTX-LPD) is a lymphoproliferative disorder in patients treated
with MTX. The mechanism of pathogenesis is still elusive, but it is thought to be a complex interplay of factors, such as under-
lying autoimmune disease activity, MTX use, Epstein-Barr virus infection, and aging. The NOTCH genes encode receptors for
a signaling pathway that regulates various fundamental cellular processes, such as proliferation and differentiation during
embryonic development. Mutations of NOTCH1 have been reported in B-cell tumors, including chronic lymphocytic leukemia/
lymphoma, mantle cell lymphoma, and diffuse large B-cell lymphoma (DLBCL). Recently, it has also been reported that
NOTCH 1 mutations are found in post-transplant lymphoproliferative disorders, and in CD20-positive cells in angioimmunoblas-
tic T-cell lymphoma, which might be associated with lymphomagenesis in immunodeficiency. In this study, to investigate the
association of NOTCH|1 in the pathogenesis of MTX-LPD, we evaluated protein expression of Notchl in nuclei immunohisto-
chemically in MTX-LPD cases [histologically DLBCL-type (n = 24) and classical Hodgkin lymphoma (CHL)-type (n = 24)]
and de novo lymphoma cases [DLBCL (n = 19) and CHL (n = 15)]. The results showed that among MTX-LPD cases, the
expression of Notchl protein was significantly higher in the DLBCL type than in the CHL type (P < 0.001). In addition, among
DLBCL morphology cases, expression of Notch1 tended to be higher in MTX-LPD than in the de novo group; however this dif-
ference was not significant (P = 0.0605). The results showed that NOTCHI may be involved in the proliferation and tumori-
genesis of B cells under the use of MTX. Further research, including genetic studies, is necessary.

Keywords: methotrexate-associated lymphoproliferative disorders, other iatrogenic immunodeficiency-associated lymphoprolif-
erative disorders, lymphoproliferative disorders arising in immune deficiency/dysregulation, NOTCH1

INTRODUCTION

Methotrexate (MTX) is a folate analog drug commonly
used to treat autoimmune diseases, such as rheumatoid arthri-
tis (RA).! MTX-associated lymphoproliferative disorder
(MTX-LPD) is a lymphoproliferative disorder or lymphoma
in patients treated with MTX.? In the revised 4th edition of
the WHO Classification, it is included among other iatrogenic
immunodeficiency-associated lymphoproliferative disorders
(0ii-LPD),? and in the 5th edition of the WHO Classification,
it is classified in lymphoproliferative disorders/lymphoma
arising in immune deficiency/dysregulation.*

Immunodeficient conditions under MTX use contribute to
the development of LPD of various histological presentations,
including reactive lymphocyte hyperplasia, low-grade B-cell

lymphoma, diffuse large B-cell lymphoma (DLBCL), poly-
morphic B-cell lymphoproliferative disease, classical
Hodgkin lymphoma (CHL), and rarely, T-cell LPDs/lym-
phoma.’® Epstein-Barr virus (EBV) can be positive or nega-
tive for each subtype. Among these, the most commonly
reported cases are DLBCL-type (35-60%) and CHL-type
(12-25%).°

Although the pathogenesis of MTX-LPD is not yet fully
elucidated, it is thought to be caused by a complex interplay
of factors, such as autoimmune disease activity, MTX use,
EBYV infection, and aging.!® Most MTX-LPD occurs in RA
patients, and the incidence of LPD in RA patients is higher
than in the general population. It has been reported that the
risk of developing lymphoma increases with disease activity
in RA, indicating that systemic inflammatory exposures may
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play a role in the development of lymphoma and lymphopro-
liferative diseases.!" Interleukin-6 (IL-6), an inflammatory
cytokine that plays an essential role in the pathogenesis of
rheumatoid arthritis, is likely a growth regulatory factor for
B-cell malignancies in the hematopoietic system. IL-6 has
also been reported to recruit myeloid-derived suppressive
cells, which may suppress the T cell response to malig-
nancy.'? Other cytokines, such as IL-10, which is elevated in
RA, are also known to function as growth factors for B-cell
lymphomas.'

EBYV is thought to play a role in lymphoma development
through apoptosis protection and B-cell transformation.'
Subsequent suppression of EBV-specific CD8 positive T cell
function with MTX'" and reduction in T-cell receptor reper-
toire in age-related immune-senescence'® have also been
reported to result in EBV-related LPD.

As mentioned above, various factors may be involved in
the pathogenesis of MTX-LPD, and the pathogenesis is still
not entirely elucidated.

Gion ef al. analyzed the clinicopathological features and
prognosis of DLBCL-type and CHL-type MTX-LPD'!” and
reported that spontaneous resolution after discontinuation of
MTX was observed in 81% (22 cases) with DLBCL type,
while 76% (13 cases) with CHL type did not show sponta-
neous resolution of lesions despite discontinuation of MTX
and required additional chemotherapy.'”'® It was indicated
that these differences in clinical course may be due to the
escape of Hodgkin/Reed-Sternberg cells in CHL type MTX-
LPD from monitoring immune cells via PD-L1 expression.”
In addition, the most frequent genetic alteration of CHL is a
copy number gain of 9p24.1 at the locus that includes PD-L1/
L2, constituting up to 97% of all CHL.***' These data indi-
cate that there may be differences in the pathogenesis of
MTX-LPD in different morphologies.

The Notch signaling pathway is a cell signaling system
highly conserved among animals. The Notch pathway regu-
lates cell proliferation, cell fate, cell differentiation, and other
function. Mammals possess four different Notch receptors,
Notchl, Notch2, Notch3, and Notch4.?

The Notch receptor is a single-pass transmembrane recep-
tor comprised of an extracellular domain (Notch extracellular
domain; NECD), a transmembrane domain (Notch transmem-
brane domain; NTMD), and an intracellular domain (Notch
intracellular domain; NICD). During transportation of the
Notch protein to the cell membrane, it undergoes cleavage by
Furin in the Golgi apparatus, which splits the Notch receptor
at the S1 section into two parts. These two regions form a
heterodimer and are transported to the cell surface, having the
external domain for ligand interaction. When a ligand binds
to Notch, the receptor undergoes an S2 cleavage by the
ADAM (a disintegrin and metalloproteinase) protease, fol-
lowed by an S3 cleavage by y-secretase, releasing the NICD
into the cytoplasm. Once inside the cell, NICD can follow
one of two pathways: Canonical Signaling (CS) or non-Ca-
nonical Signaling (non-CS). The primary pathway for NICD
is CS, where it activates target genes (e.g., HES-1, HEY-1,
Myec, Bcl-2, CyclinD1) resulting in cell proliferation and

differentiation.

Among the NOTCH genes, NOTCHI and NOTCH?2 are
known to be mutated in B-cell lymphomas. NOTCHI muta-
tions are found in about 10% of chronic lymphocytic leuke-
mia (CLL) cases® and have also been reported in mantle cell
lymphoma.** NOTCH?2 mutations are found in about 25% of
splenic marginal zone lymphomas.”* NOTCHI or NOTCH?2
mutations have also been reported in DLBCL?**® and follicu-
lar lymphoma.? Recent research has indicated that muta-
tions in NOTCHI are present in approximately 10% of
DLBCL cases.”” It has also been suggested that Notchl
might function as a driver in the pathogenesis of certain
DLBCL cases.”® To date, there are no published studies that
have examined immunostaining of the NICD domain of
Notchl1 specifically in DLBCL.

Recently, it has been reported that NOTCH1 is recurrently
mutated in post-transplant lymphoproliferative disorders?®
and CD20-positive cells in angioimmunoblastic T-cell lym-
phoma,’! suggesting that NOTCH I mutations may be associ-
ated with B-cell proliferation and lymphomagenesis in
immunodeficiency.

We hypothesized that NOTCH 1 could be involved in the
pathogenesis of MTX-LPD and investigated the extent of
Notchl protein expression in DLBCL and CHL types of
MTX-LPD. We also compared the differences in Notchl
protein expression between de novo DLBCL and CHL.

MATERIAL AND METHODS

Case selection

Forty-eight patients with MTX-LPD [DLBCL-type (n =
24) and CHL-type (n = 19)] and 38 with de novo lymphomas
[DLBCL (n = 19) and CHL (n = 15)] were included in this
study. The de novo CHL patients included in this cohort
consisted of 8/15 with nodular sclerosing type and 7/15 with
mixed cellularity type. All 82 cases were retrieved from sur-
gical pathology consultation files from the Department of
Pathology, Okayama University. MTX-LPD cases were
diagnosed between 2008 and 2022. De novo lymphoma
cases were those diagnosed between 1995 and 2019 for which
frozen specimens were present.

The typical histology of MTX-LPD included in this study
is shown in Figure 1. Figure 1a shows DLBCL-type histol-
ogy with the proliferation of large atypical lymphoid cells.
In contrast, Figure 1b shows scattered large cells with one-to-
two nuclei with well-defined nucleoli in a background of
small lymphocytes and histiocytes.

Immunohistochemistry

Specimens were fixed in 10% formaldehyde and embed-
ded in paraffin. Three-micrometer-thick sections were cut
from paraffin-embedded tissue blocks and stained with hema-
toxylin and eosin. For histological subtyping, immunohisto-
chemical staining was performed accordingly using antibod-
ies against CD20 (clone: L26, 1:100; DAKO), CD3 (clone:
LN10, 1:200; Novocastra Laboratories, Ltd., Newcastle upon
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Fig. 1. Typical histology of MTX-LPD cases included in this study.

(a) DLBCL type: Diffuse proliferation of large atypical cells is observed (HE).
(b) CHL type: Scattered large atypical cells with distinct nucleoli are observed in
a background of small lymphocytes. Reed-Sternberg cell-like cells are also pres-
ent (HE).

Tyne, UK), CDS5 (clone: 4C7, 1:100; Novocastra
Laboratories, Ltd.), CD10 (clone: 56C6, 1:100; Novocastra
Laboratories, Ltd.), CD15 (clone: Carb-3, 1:50; DAKO,
Glostrup, Denmark), CD30 (clone: Ber-H2, 1:40; DAKO),
and Ki-67 (clone: MIB-1, 1:2500; DAKO). In our cohort, in
MTX-LPD or de novo cases displaying DLBCL morphology,
there was diffuse proliferation of large atypical cells. These
cells were CD20-positive, CD3-negative, and exhibited a
high Ki-67 labeling index of over 30%. Cases of low-grade
B-cell lymphoma that were CD5- or CD10-positive were
excluded. Moreover, in both MTX-LPD and de novo lym-
phoma cases displaying CHL morphology, Hodgkin cells and
Reed-Sternberg cells were CD20-negative, CD3-negative,
CD30-positive, and CD15-positive. In CHL, due to the low
number of atypical cells, accurate assessment was challeng-
ing. However, with Ki-67 staining, many of the Hodgkin
and Reed-Sternberg cells were positive, indicating they were
in the cell cycle.

Notchl expression in nuclei was evaluated by immuno-
histochemical staining using an antibody against Notchl,
which is an anti-NICD antibody of Notchl (clone: OTI3E12,
1:50; Thermo Fisher Scientific, Massachusetts, USA).

The EBV was detected by in situ hybridization for EBER
(Epstein-Barr-encoded RNA) (EBER-ISH) or immunohisto-
chemical staining of latent membrane protein 1 (LMP-1;
1:50, CS1-4, Novocastra). EBER-ISH was determined to be
positive when more than 50% of tumor cells showed staining
in the nuclei.

Immunohistochemistry and in sifu hybridization were per-
formed using an automated Bond-III instrument (Leica
Biosystems, Wetzlar, Germany).

Notchl expression in nuclei of atypical cells was scored
from 0 to 2 according to the following criteria’? (Figure 2):
(1) Score 0, negative: No stained cells are observed, or no
staining is observed in low magnification, but weak staining

is observed at high magnification.
(2) Score 1, weak positive: Weak staining at weak magnifica-
tion or weak/medium staining is recognized at high magnifi-
cation for more than 25% of tumor cells.
(3) Score 2, strong positive: Strong staining is recognized at
weak magnification for more than 25% of tumor cells.

Scores 1 and 2 were defined as positive and Score 0 as
negative.

Statistical analyses

Statistical analyses were conducted using the Mann—
Whitney U or Fisher’s exact tests. Statistical significance
was set at P < 0.05. All statistical analyses were conducted
using R studio (version 4.2.2) software.

RESULTS

The demographics and clinical findings for MTX-LPD
patients are summarized in Table 1. Of the 48 patients with
MTX-LPD, 24 patients (50%) showed DLBCL type morphol-
ogy, and 24 patients (50%) showed CHL type morphology.
The mean age of the entire MTX-LPD cohort was 71.4
(range, 41-87) years, and was significantly higher in the
DLBCL type group than in the CHL type group (P = 0.002).
The proportion of females was higher than males in both
morphological types, although there was no significant differ-
ence in the male-to-female ratio between the two morphologi-
cal types (P = 0.084).

RA was the most common underlying disease for MTX-
LPD, accounting for 41/48 (85.4%) of all MTX-LPD cases,
21/24 (87.5%) of DLBCL type cases, and 20/24 (83.3%) of
CHL type. Among the sites of lesions excised or biopsied,
lymph nodes were most frequently sampled, accounting for
38/48 (79.2%) cases of all MTX-LPD cases and 23/24
(95.8%) of CHL type cases. Among DLBCL type cases,
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Fig. 2. Evaluation of Notchl antibody expression in nuclei.

(a) The nuclei of atypical cells showed no staining and were assessed as Score 0. (b) The nuclei showed weak positivity and
were assessed as Score 1. (¢) The nuclei showed strong positivity and were assessed as Score 2. For both Score 1 and Score
2, positivity was defined when more than 25% of tumor cells showed nuclear staining.

Table 1. Demographics and clinical findings for MTX-LPD

MTX-LPD (n=48)

DLBCL type (n =24) CHL type (n =24) P

Age, mean (range) 76.1 (62-87) 66.8 (41-82) 0.002*
Sex (male:female) 3:21 8:16 0.084
Underlying condition n (%)

Rheumatoid arthritis 21 (87.5) 20 (83.3) —

Hashimoto disease 1(42) 0 —

SAPHO syndrome 0 1(42) —

Crohn disease 0 1(42) —

Unknown 3(12.5) 2(8.3) —
Excised or biopsied site n (%)

Lymph nodes 15 (62.5) 23 (95.8) —
Axillary 6(25.0) 3(12.5) —
Cervical 4(16.7) 8(33.3) —
Subclavicular 0 3(12.5) —
Mediastinal 0 1(4.2) —
Inguinal 3(12.5) 4 (16.7) —
Peribronchial 1(4.2) 0 —
Retroperitoneum 0 3(12.5) —
LN of unknown site 1(4.2) 1(4.2) —

Soft tissue 2(8.3) 0 —

Skin 2(8.3) 0 —

Stomach 2(8.3) 0 —

Tonsil 1(42) 0 —

Gingiva 1(4.2) 0 —

Orbit 1(4.2) 0 —

Liver 0 1(42) —

Presence of EBV infection'
Present 15 (62.5) 22 (91.7) 0.011*
Absent 8(33.3) 1(4.2)

1The presence of EBV infection was evaluated by EBER in situ hybridization or LMP-1 immunostaining in
proliferating atypical lymphocytes, and 23 cases each of DLBCL type and CHL type were evaluated.
Significance was calculated using the Mann—Whitney U test. Fisher’s exact analysis was used for the
statistical analysis of nominal scales. *P < 0.05.



15/24 (62.5%) were sampled from lymph nodes, while 9/24
(37.5%) were sampled from extranodal sites such as soft tis-
sue, skin, stomach, and others. The positive rate of EBER in
situ hybridization was 15/24 (62.5%) for DLBCL type cases
and 22/24 (91.7%) for CHL type cases, with the CHL type
showing a significantly higher positive rate (P = 0.011).

Table 2 compares the demographics and clinical findings
between MTX-LPD and de novo lymphoma by morphology.
When comparing groups exhibiting DLBCL morphology,
there was no significant age difference observed between
MTX-LPD cases and de novo cases (P = 0.239). However,
there was a significantly higher proportion of females in the
MTX-LPD group (P < 0.001). On the other hand, when
comparing groups with CHL morphology, the MTX-LPD
group was significantly older than the de novo group (P =
0.032), and also had a higher proportion of females (P =
0.017).

From the positivity of tumor cells due to EBER staining,
examining the presence or absence of EBV infection, in both
the groups showing DLBCL or CHL morphology, the infec-
tion rate was higher in the MTX-LPD group (both P < 0.001).

Regarding the site of origin, in MTX-LPD, 21% of cases
were extranodal lesions (37.5% in DLBCL morphology and
4.1% in CHL morphology).

Table 3 compares Notchl protein expression in the nuclei
of tumor cells between groups exhibiting DLBCL or CHL
morphology, categorized by etiology (MTX-LPD vs. de novo

Notch1 protein expression in MTX-LPD

lymphoma). Among the MTX-LPD cases, in the DLBCL
type, 14/24 cases (58.3%) had strong 2+ equivalent expres-
sion, and 8/24 (33.3%) had a 1+ expression level. Positive
cases (comprising both 1+ and 2+) constituted 91.7%, indi-
cating that most cases exhibited positive expression.
Conversely, for the CHL type, 11/24 (45.8%) had positive
Notchl expression. Overall, the DLBCL type had a signifi-
cantly higher frequency of Notchl expression (P < 0.001).
On the other hand, for de novo lymphoma, there was no sig-
nificant difference in the Notchl positivity rate between
DLBCL and CHL.

Table 4 compares Notchl protein expression in the nuclei
of tumor cells between MTX-LPD and de novo lymphoma
groups, categorized by morphology (DLBCL type vs. CHL
type). Inthe DLBCL morphology group, the Notchl positiv-
ity rate in MTX-LPD was slightly higher compared to that in
the de novo group, but the difference was not statistically sig-
nificant (P = 0.0605). In the CHL morphology group, there
was no significant difference in the positivity rate between
MTX-LPD and de novo CHL (P = 0.609).

We also investigated the potential correlation between
EBYV infection status and Notch1 protein expression within
each MTX-LPD case group (Table 5). Since there was one
case each of DLBCL and CHL types in which EBV-ISH
could not be performed, we examined 23 cases excluding
these cases. There was no direct correlation between the
presence or absence of EBV infection and Notchl protein

Table 2. Comparison of demographics and clinical findings between MTX-LPD and de novo lymphoma by morphology

DLBCL morphology (n =43)

CHL morphology (n = 39)

MTX-LPD (n=24)  de novo (n=19) P MTX-LPD (n=24)  denovo (n=15) P
Age, mean (range) 76.1 (62-87) 69.8 (26-92) 0.239 66.8 (41-82) 49.1 (16-85) 0.032%*
Sex (male:female) 3:21 15:4 <0.001%** 8:16 11:4 0.017*
Excised or biopsied site n (%)

Lymph nodes 15 (62.5) 19 (100) — 23 (95.8) 14 (93.3) —
Axillary 6(25.0) 1(5.3) — 3(12.5) 2(13.3) —
Cervical 4 (16.7) 13 (68.4) — 8(33.3) 8(53.3) —
Subclavicular 0 1(5.3) — 3(12.5) 3(20.0) —
Mediastinal 0 0 — 1(4.2) 0 —
Inguinal 3(12.5) 3(15.8) — 4 (16.7) 1(6.7) —
Peribronchial 1(4.2) 0 — 0 0 —
Retroperitoneum 0 0 — 3(12.5) 0 —
Abdominal 0 1(5.3) — 0 0 —
Unknown LN 1(4.2) 0 — 1(4.2) 0 —

Soft tissue 2(8.3) 0 — 0 1(6.7) —

Skin 2(8.3) 0 — 0 0 —

Stomach 2(8.3) 0 — 0 0 —

Tonsil 1(4.2) 0 — 0 0 —

Gingiva 1(4.2) 0 — 0 0 —

Orbit 1(4.2) 0 — 0 0 —

Liver 0 0 — 1(4.2) 0 —

Presence of EBV infection®
Present 15 (62.5) 1(5.3) 22 (91.7) 5(33.3)
<0.001%** <0.001%**
Absent 8(33.3) 18 (94.7) 1(4.2) 10 (66.7)

fThe presence of EBV infection was evaluated by EBER in situ hybridization or LMP-1 immunostaining in proliferating atypical lymphocytes, and 23 cases
each of DLBCL type and CHL type in MTX-LPD were evaluated. Significance was calculated using the Mann—Whitney U test. Fisher’s exact analysis was used

for the statistical analysis of nominal scales. *P < 0.05, **P < 0.001.
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Table 3. Comparison of nuclear expression of Notchl between DLBCL morphology and CHL morphology by pathogenesis

. MTX-LPD de novo
Notchl positivity
DLBCL type (n=24)  CHL type (n = 24) P DLBCL (n = 19) CHL (n= 15) P
2+ 14 3 6 4
1+ 8 8 3
0 2 13 8
Positive rate (%)* 91.7 45.8 <0.001** 68.4 46.7 0.1766
T Positive rates were calculated for 1+ and 2+ cases.
Fisher’s exact analysis and chi-square test was used for the statistical analysis of nominal scales. **P < 0.001.
Table 4. Comparison of nuclear expression of Notchl between MTX-LPD and de novo lymphoma by morphology
. DLBCL morphology (n =43) CHL morphology (n = 39)
Notchl positivity
MTX-LPD (n = 24) de novo (n=19) P MTX-LPD (n =24) de novo (n = 15) P
2+ 14 6 3
1+ 8 7 8 3
0 2 6 13 8
Positive rate (%)" 91.7 68.4 0.0605 45.8 46.7 0.609

T Positive rates were calculated for 1+ and 2+ cases.

Fisher’s exact analysis and chi-square test was used for the statistical analysis of nominal scales.

expression when evaluated by group.

DISCUSSION

In this study, we compared detailed clinical histological
data of patients with MTX-LPD and de novo lymphoma. By
investigating Notch1 expression based on immunohistochem-
ical staining, we sought to determine if NOTCH1 is involved
in the etiology of MTX-LPD.

In the MTX-LPD group, both the DLBCL type and CHL
type had a higher proportion of female patients, consistent
with previous reports.®* This likely reflects the higher preva-
lence of RA among females, who are often treated with MTX.
Regarding the morphology, there was no significant age dif-
ference between MTX-LPD and de novo lymphoma in the
DLBCL morphology. However, in the CHL morphology,
MTX-LPD patients were significantly older. Although there
is no such previous report, this finding could be explained by
the fact that de novo DLBCL often arises in elderly individu-
als, and de novo CHL exhibits a bimodal distribution in
young and old age groups. This might be attributed to an
age-related decrease in T-cell repertoire in MTX-LPD, as pre-
viously reported.'®

It is commonly considered that MTX-LPD is more likely
to form extranodal lesions.***  Our study confirmed that
MTX-LPD had more extranodal lesions than de novo lym-
phoma. However, since our research only collected frozen
specimens for de novo lymphoma, it is possible that the num-
ber of lymph node lesions was artificially increased.

NOTCH ’s activating mutations primarily occur in two
hot spots: the heterodimerization domain (HD) where S1 and
S2 cleavages happen, and the proline/glutamic acid/serine/
threonine-rich motif (PEST) domain. HD mutations induce
S3 cleavage by y-secretase, enhancing NICD production,

while mutations in the PEST domain inhibit NICD degrada-
tion via SCF-FBW?7 ubiquitin ligase, thus acting as activating
mutations. NOTCHI mutations in the PEST domain have
been observed in 10% of cases of CLL* and mantle cell
lymphoma.?*

Multiple reports exist on the role of NOTCHI under
immunosuppressive conditions. For instance, post-transplant
lymphoproliferative disease (PTLD) arises in patients under
immunosuppression post hematopoietic stem cell or solid
organ transplantation, with EBV being a key driver in its
pathogenesis. Recent reports indicate recurrent NOTCH I
mutations in early PTLD lesions, specifically in florid follicu-
lar hyperplasia (FFH). In one study (30), two out of five
NOTCH]I mutations identified in FFH were in the PEST
domain. In a study conducted by Nguyen et al., targeted
sequencing was utilized to investigate the distribution of
genetic mutations in tumorous cell and infiltrating B cell frac-
tions derived from tumor tissue samples of Peripheral T-cell
lymphoma, including angioimmunoblastic T-cell lymphoma
(AITL), using laser microdissection.’! It is known that AITL
is associated with cellular immunodeficiency, leading to the
onset of B-cell lymphomas. In the study, three out of 19
cases had NOTCH mutations only in CD20-positive B cells.
Among them, one was a frameshift mutation in the PEST
domain of the Notch1 protein. Based on the findings, it may
be plausible that NOTCH1 mutations in B cells infiltrating
AITL tissues might be providing proliferative signals to B
cells.** However, the specific details and implications of the
findings are yet to be fully elucidated. The present study uti-
lized an anti-NICD antibody for immunostaining Notch1 in
the nucleus, and showed a significant upregulation of nuclear
NICD protein expression in MTX-LPD DLBCL type com-
pared to the CHL type. While it may reflect the signal acti-
vation of NOTCH, the extent of NICD protein signal expres-
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Table 5. Investigation of the correlation between the EBV infection status and Notch1 expression rate in the nucleus of tumor cells in

each group
MTX-LPD DLBCL type' MTX-LPD CHL type*
EBV infection (+) EBV infection (-) P EBYV infection (+) EBYV infection (-) P
(n=15) (n=28) (n=22) (n=1)
Notchl (+) 15 011 Notchl (+) 11 0 1
Notchl (-) 0 2 ’ Notchl (-) 11
de novo DLBCL de novo CHL
EBV infection (+) EBV infection (-) P EBYV infection (+) EBYV infection (-) P
(n=1) (n=18) (n=15) (n=10)
Notchl (+) 0 13 032 Notchl (+) 4 3 012
Notchl (-) 1 5 ’ Notchl (-) 1 ’

T EBER-ISH was not performed in one case. § EBER-ISH was not performed in one case.

Fisher’s exact analysis was used for statistical analyses.

sion is influenced by various parameters, including the
nuclear translocation rate of NICD, the formation quantity of
the complex with transcript factors Su(H) and Mam,
post-transcription modification patterns, and the degradation
rate of NICD. This complexity could potentially explain
why the positivity rate from immunostaining is higher than
the reported mutation rate for NOTCHI. Future genetic anal-
ysis is warranted to identify mutations in the NOTCH1 PEST
domain.

In MTX-LPD, similar to PTLD and AITL, cellular immu-
nity might decrease due to aging or EBV infection, and
NOTCH 1 might play a role in the onset of B-cell tumors in
these conditions.

The present results showed increased nuclear Notchl
expression in the MTX-LPD DLBCL type compared to the
CHL type. This suggests that even within LPDs that arise
under the same immunosuppressive conditions, there might
be underlying pathophysiological differences. Differences in
the expression rate of PD-L1 and prognosis between the two
types have been highlighted.!” Additionally, there are two
signaling pathways for NOTCH1; Canonical Signaling and
non-Canonical signaling. While the exact pathways of
non-Canonical signaling (Non-CS) are not fully understood,
they are believed to operate independently of NICD nuclear
translocation. =~ When mediated through Non-CS, other
known active pathways in de novo CHL, such as NF-«B sig-
naling or PI3K-AKT signaling, might be activated. This
could potentially account for the lower positivity rate of
Notch 1 in nuclear staining.

On the other hand, when comparing between MTX-LPD
DLBCL type and de novo DLBCL, although there were no
significant difference between two groups, the extent of
Notchl protein expression tended to be higher in MTX-LPD
DLBCL type. Regarding this observation, when comparing
MTX-LPD DLBCL type to de novo DLBCL, the significantly
higher rate of EBV positivity in the MTX-LPD DLBCL type
might be related to the underlying pathophysiology. In our
study, within each group, no clear correlation was observed
between the presence or absence of EBV infection and the
positivity rate of Notchl in the nuclei of tumor cells.
However, recent research suggests that activation of the

NOTCHI] signal may repress MHC class II genes and impair
T-cell activation, thereby playing a role in tumor immune
evasion and virus reactivation due to immunosuppression.*’
It is possible that in MTX-LPD, NOTCH might be involved
in the pathogenesis through such mechanisms, which necessi-
tates further investigation.

The present study has several limitations. First, we only
evaluated the protein expression of Notchl in the nucleus and
did not investigate whether there are actual mutations in the
NOTCHI gene in MTX-LPD. It is essential to comprehen-
sively study what kind of genetic mutations exist and whether
the accumulation of the NOTCH1 results from these muta-
tions. Also, the expression of Notchl was assessed only in
tumor cells, but not in surrounding cells. For the activation
of the NOTCH1 signaling pathway, it is fundamentally neces-
sary for cells expressing type I transmembrane proteins, the
ligands of the Notch receptor, namely D1/DLL and Ser/JAG,
to be adjacent. The nature of such neighboring cells remains
a topic for future research. Lastly, while all cases of the
MTX-LPD CHL type in our cohort presented with the mixed
cellularity type, de novo CHL cases had a mixture of the nod-
ular sclerosing type and the mixed cellularity type. It has
been reported that de novo CHL varies in etiology and EBV
positivity rates depending on the histological subtype.> Thus,
a straightforward comparison between the two groups in our
study was deemed challenging.

In conclusion, our research suggests that MTX-LPD has
distinct clinical features compared to de novo lymphoma.
The involvement of NOTCH]1 in the etiology of MTX-LPD
requires further study, and potential mutations in the
NOTCH]1 gene and also NOTCH?2, a paralogue of NOTCH1,
should be examined in future research to identify its
pathophysiology.
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