doi: 10.2169/internalmedicine.0521-22
Intern Med 62: 1335-1340, 2023
http://internmed.jp

Internal Medicine

The Japanese Society of Internal Medicine

[ CASE REPORT ]

Diffuse Large B-cell Lymphoma Involving an Abundant
Infiltration of T Follicular Helper Cells

Keitaro Ishii', Kazuharu Kamachi'?, Sho Okamoto', Hiroo Katsuya', Mai Fujita',
Toshiaki Nagaie', Atsujiro Nishioka', Mariko Yoshimura', Hiroshi Ureshino '?,
Yasushi Kubota'?, Toshihiko Ando', Tatsuro Watanabe’, Mai Takeuchi’, Keita Kai’,
Koichi Ohshima* and Shinya Kimura '’

Abstract:

A 76-year-old man presented with skin plaque and splenic nodules, and diffuse large B-cell lymphoma
(DLBCL) with infiltration of T-cells was suspected based on the skin lesions. The disease showed indolent
clinical behavior for three months, when systemic lymphadenopathy rapidly evolved. An inguinal lymph node
biopsy revealed DLBCL with abundant infiltration of T follicular helper (TFH) cells. A polymerase chain
reaction-based analysis of immunoglobulin variable heavy chain showed that the skin, splenic nodules, and
inguinal lymph node shared the same clone. This case indicates that the dysregulated infiltration of TFH cells

in the tumor microenvironment accelerates the lymphomagenesis and progression of DLBCL.
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Introduction

Diffuse large B-cell lymphoma (DLBCL), the most com-
mon subtype of non-Hodgkin lymphoma, has clinically and
biologically heterogenous features. Although rituximab, cy-
clophosphamide, doxorubicin, vincristine, and prednisone
(R-CHOP) immunochemotherapy leads to a cure in approxi-
mately 60% of DLBCL patients (1), relapsed or refractory
DLBCL patients have a poor outcome. In an effort to
achieve better therapeutic and prognostic stratification of
DLBCL, the tumor microenvironment (TME) has recently
received attention, in addition to the biological features of
DLBCL (2, 3).

T-cell/histiocyte-rich large B-cell lymphoma (THRLBCL)
is a variant of DLBCL characterized by TME with an exten-
sive infiltrate of several subsets of T-cells and histio-
cytes (4). THRLBCL develops with maintaining a tolero-

genic host immune response (5), while the interaction be-
tween TME and B-cells in lymphomagenesis remains un-
clear. T follicular helper (TFH) cells, a subset of helper T-
cells, support the maturation of B-cells in the germinal cen-
ter of lymphoid tissues (6, 7) and express specific TFH
markers, such as PD-1, ICOS, and CXCRS. Dysregulation
of TFH cells causes autoimmunity, immunodeficiency, and
malignant lymphoma, especially angioimmunoblastic T-cell
lymphoma (AITL) (8), presumably playing a pivotal role in
TME.

We herein report a unique case showing the stepwise pro-
gression of DLBCL in accordance with infiltration of TFH
cells. Increased infiltration of TFH cells pathologically mim-
icked AITL and led to rapid progression of DLBCL.

Case Report

A 76-year-old man with chronic hepatitis B infection pre-
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Figure 1.

The skin lesion showed B-cell lymphoma with abundant T-cell infiltration. (a) An image

of the skin plaque on the left forearm with a brownish-red color appearance. (b) Inmunopathological
findings of the skin lesion are shown. Hematoxylin and Eosin (HE) staining showed nodular prolif-
eration of small to large lymphocytes, mainly in the subcutaneous adipose tissue (left upper image,

original magnification x40). The large lymphocytes were positive for CD20, MUM-1 (focal), and c-
MYC (focal), with abundant infiltration of CD3*T cells (magnified images of the area with the dotted

square; original magnification x200).

sented with splenic nodules and isolated para-aortic lympha-
denopathy incidentally detected during an annual ultra-
sonography and computed tomography study. The patient
had no systemic symptoms, such as a fever, weight loss, or
night sweats.

The patient reported noticing a slow-growing skin plaque
on the left forearm approximately one year earlier (Fig. 1a).
Laboratory tests showed normal blood cell counts with an
elevated level of soluble interleukin 2 receptor (sIL-2R)
(1,484 U/L; reference range, 121-613 U/L), and monoclonal
IgM gammopathy (696 mg/dL; reference range, 33-183 mg/
dL). Esophagogastroduodenoscopy and total colonoscopy
detected no malignancy. Positron emission tomography/com-
puted tomography showed the uptake of the glucose analog
"F-fluorodeoxyglucose in the skin lesion and in the right in-
guinal lymph node, as well as a subcutaneous lesion in the
right thigh, each <2.0 cm in diameter.

Because malignancies were clinically suspected, splenec-
tomy, a skin biopsy, and a para-aortic lymph node biopsy
were performed. The spleen showed a non-specific inflam-
matory pseudotumor. The para-aortic lymph node showed
reactive lymphoid hyperplasia. A skin plaque biopsy showed
nodular expansion of large B cells (CD20", ¢c-MYC’, MUM-
1", EBER) surrounded by abundant infiltration of CD3" T
cells. This led to the diagnosis of DLBCL with abundant T-
cell infiltration (Fig. 1b).

A bone marrow examination showed no obvious infiltra-
tion of abnormal lymphocytes; however, slightly A-
dominated light-chain restriction and chromosomal abnor-
malities [46,XY,add(12)(p13),-14,-16,+der(?)t(?;14)(?;q11.2),
+marl(2)/46,XY(18)] were detected by flow cytometry and
a G-banding analysis, respectively, implying bone marrow
invasion of B-cell lymphoma. Circulating Epstein-Barr virus

(EBV) DNA was not detected by quantitative polymerase
chain reaction (PCR). The asymptomatic and indolent pres-
entation led us to follow the patient carefully without initiat-
ing chemotherapy.

Three months later, a flow cytometry analysis showed the
gradual emergence of peripheral abnormal lymphocytes and
clonal B cells (CD20*, A>K) concurrent with an elevated
level of sIL-2R. Although the skin lesion showed fading,
systemic lymphadenopathy rapidly developed, and a left in-
guinal lymph node biopsy showed diffuse infiltration of both
large B cells (CD207, c-MYC', MUM-1", EBER’) and CD4"
T cells expressing TFH markers (PD-17, ICOS*, CXCRS5",
CXCL13*) with an expanded follicular dendritic cell mesh-
work (Fig. 2a, b), suggesting composite AITL and DLBCL.
EBER" B cells were detected in some small non-malignant
B cells, and circulating EBV DNA was elevated (3.6 log 1U/
mL). A G-banding analysis showed [46,XY,del(6)(p?),add
(12)(p13),-14,add(14)(q32),-16,+marl,+mar2(14)/46,XY(6)].

The patient achieved complete metabolic remission after
six cycles of R-CHOP chemotherapy. However, three
months later, he experienced relapse with bilateral tonsillar
enlargement, and DLBCL was confirmed by a tonsil biopsy.
Polatuzumab vedotin, bendamustine, and rituximab (Pola-
BR) immunotherapy was then commenced as salvage ther-
apy. The overall clinical course is illustrated in Fig. 3a.

A Southern blot analysis of immunoglobulin variable
heavy chain (IGVH) and T-cell receptor (TCR) B-chain and
a PCR-based analysis of the TCR y-chain gene of the ingui-
nal lymph node showed no clonal rearrangements, and the
RHOA G17V mutation, as well as MYDS88 L265P mutation,
was undetected. The PCR-based analysis of IGVH showed
that the skin lesion, spleen nodules, peripheral blood cells
with abnormal lymphocytes, inguinal lymph node, and tonsil
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Figure 2.

shared the same clonal band, suggesting the progression of
the same clone (Fig. 3b). Consistently, CD20" and MUM-1*
large B cells were detected in the spleen nodules, and infil-
tration of T cells expressing TFH markers was detected in
both the spleen and the skin lesion (Fig. 4a, b). Further-
more, the remarkably increased infiltration of PD-L1" cells,
including large tumor cells and tumor-associated macro-
phages (TAMs), was observed in the inguinal lymph node
compared with the skin and splenic nodules (Fig. 4c).

Methods

The PCR analysis of IGVH gene rearrangement
Genomic DNA was extracted from each sample (skin le-

Immunopathological findings of the inguinal lymph node showing composite AITL and
DLBCL. (a) Hematoxylin and Eosin staining showed diffuse proliferation of small to large atypical
lymphocytes in the background of expanded high endothelial venules and a follicular dendritic cell
meshwork (CD21). The large lymphocytes expressed CD20, c-MYC (focal), and MUM-1 (focal),
whereas EBER was detected in the background small lymphocytes. (b) The small to medium-sized
lymphocytes with nuclear atypia were mainly positive for CD3, CD4, PD-1, and ICOS and partially
positive for CXCRS and CXCL13 (original magnification x200, except for CD21 x40).

sion, spleen nodule, peripheral mononuclear cells, inguinal
lymph node, and tonsil lesion) using a QIAamp DNA Mini
Kit (Qiagen, Venlo, Netherlands). The B-cell clonality of
each sample was analyzed by the nested PCR method to de-
tect IGVH gene rearrangement. The following primers were
commercially  synthesized: FR3A (5 -ACACGGCS-
STGTATTACTGT-3"), LJH (5-TGAGGAGACGGTGACC-
3"), and VLJH (5-GTGACCAGGGTNCCTTGGCCCCAG-
3"). FR3A and LJH were used as the initial PCR primers,
and FR3A and VLJH were used as the secondary PCR
primers (9). Electrophoresis of PCR products was performed
with a 12% acrylamide gel. The Burkitt lymphoma-derived
cell line Raji (Japanese Collection of Research Bioresources
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Figure 3. The overall clinical course and PCR analysis findings of somatic mutations in IGVH

genes. (a) The overall clinical course is illustrated. Solid and dotted lines show the transition of soluble

interleukin 2 receptor (sIL-2R, U/mL) and abnormal lymphocytes (%) in peripheral blood, respec-

tively. Quantification of circulating Epstein-Barr virus DNA (EBV DNA) at each time point and the

duration of chemotherapy (R-CHOP and Pola-BR) are also noted. (b) The findings concerning so-
matic mutations in IGVH genes are shown. The Burkitt lymphoma-derived cell line Raji and H.O
were used as positive and negative controls of IGVH gene rearrangement, respectively. The skin le-

sion (Skin), spleen nodules (Spleen), peripheral blood mononuclear cells (PBMCs), inguinal lymph

node (Inguinal LN), and tonsil lesion (at relapse) shared the same clonal band, just below 100 bp.

Cell Bank, ibaraki, Japan) was used as the positive control
for IGVH gene rearrangement (Fig. 3b).

Discussion

We herein report a unique case of DLBCL that showed
stepwise progression in accordance with the increased infil-
tration of TFH cells. The transition to rapid progressive
DLBCL manifesting as leukemic emergence of malignant B
cells and rapid increase of sIL-2R levels was observed, con-
sistent with the increased infiltration of TFH cells. The ab-
sence of the MYDS8S L265P mutation negated the possibility
of DLBCL transformation from lymphoplasmacytic lym-
phoma. The presence of EBER™ B cells in the inguinal
lymph node, accompanied by increased levels of circulating
EBV DNA, suggested attenuated cellular immunity. A PCR-
based analysis of IGVH showed the clonal progression of
B-cell lymphoma, and an immunohistochemical analysis re-
vealed that the progression of B-cell lymphoma was accom-
panied by infiltration of TFH cells and PD-L1" cells, includ-
ing large tumor cells and TAMs.

The first presentation in the present case was a skin
plaque, which prompted us to suspect primary cutaneous
large B-cell lymphoma (PCLBCL), leg type, given the rapid
systemic progression and early relapse after conventional
treatment. However, a skin biopsy showed nodular expan-
sion of large B cells surrounded by abundant infiltration of
CD3" T cells, which is inconsistent with typical PCLBCL,
leg type, being characterized by diffuse dermal infiltration of
large B cells with minimal reactive T component (10).
Therefore, we considered PCLBCL, leg type, to be unlikely

in the present case.

The pathological findings of the inguinal lymph node
showed diffuse infiltration of both large B cells and TFH
cells, mimicking composite AITL and DLBCL. AITL has
diverse clinical and histopathological manifestations, and it
is sometimes difficult to distinguish from benign immune re-
actions and other malignant lymphomas (11). The present
patient lacked constitutional symptoms and autoimmune
complications, which are relatively common in AITL pa-
tients. The PCR-based analysis did not detect TCR 7y-chain
gene rearrangement, indicating a non-clonal proliferation.
Furthermore, the RHOA G17V mutation, which is specific to
AITL and nodal peripheral T-cell lymphoma with TFH phe-
notype, was also not detected (12, 13). Given that the infil-
tration of TFH cells is consistently observed during the pro-
gression of B-cell lymphoma, we may reasonably assume
that an “AITL-like manifestation” occurred against the pro-
gression of B-cell lymphoma.

The TME that recruited additional TFH cells around B
cells may have been associated with lymphomagenesis in
the present case. TFH markers are occasionally expressed in
background T cells in THRLBCL (14); however, their sig-
nificance remains unclear. TFH cells originally interact with
B cells and support the migration and differentiation of B
cells in germinal centers of lymph nodes (6, 7). During this
process, TFH cells also become polarized to express addi-
tional TFH markers, such as PD-1 and CXCRS5 (15). Fur-
thermore, TFH cells support the survival of malignant B
cells in follicular lymphoma (16). In AITL, in which TFH
cells clonally expand, EBV reactivation and subsequent
monoclonal or oligoclonal expansion of B cells are fre-
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Figure 4.

Immunopathological findings of the spleen nodules, the skin lesion, and PD-L1 staining of

each specimen. (a) Hematoxylin and Eosin staining of the spleen nodule showed increased fibrosis

with partial vitrification in the background of inflammatory cell infiltration. Immunostaining re-

vealed scattered infiltration of large CD20* and MUM-1" atypical cells, in addition to the surrounding
infiltration of CD3*, PD-1*, and ICOS" cells. (b) Immunopathological findings of the skin lesion are
shown. There is abundant infiltration of PD-1* and ICOS* cells. (¢) PD-L1 immunostaining of each
specimen (skin, spleen, and lymph node) is shown. Numerous infiltrations of PD-L1* cells, including
large tumor cells and tumor-associated macrophages, were observed in each specimen, especially in

the lymph node (original magnification x200).

quently observed (17). Thus, TFH-infiltrating THRLBCL
may have a similar pathogenesis associated with AITL.
Another intriguing aspect of the present case was that the
increased infiltration of PD-L1" cells, including large tumor
cells and TAMs, was observed in the inguinal lymph node
compared with the skin and splenic nodules. The direct con-
tact between PD-L1* TAMs and the surrounding T cells pro-

motes immune evasion and lymphomagenesis by increasing
the PD-1/PD-L1 interaction in TME (18, 19). Recent studies
have shown that THRLBCL frequently harbors PD-L1/
PD-L2 alterations, which leads to increased PD-L1 expres-
sion, and the TME in THRLBCL is characterized by the
presence of abundant PD-1" T cells and PD-L1* TAMs, re-
sulting in ineffective immune cell infiltration (20, 21). Ac-
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cording to these reports, immune evasion via PD-1/PD-L1
interaction, which can be promoted by PD-L1* tumor cells
and infiltration of PD-L1" TAMs, may have triggered and
accelerated the development of DLBCL in the present case.

In summary, we described a unique case showing the
stepwise progression of DLBCL in accordance with the in-
filtration of TFH cells. This case indicates that the dysregu-
lated infiltration of TFH cells in TME plays a crucial role in
the progression of DLBCL. TFH-infiltrating THRLBCL may
develop and progress with disruption of immune surveil-
lance, such as PD-1/PD-LI interaction. The analysis of a
greater number of DLBCL cases is needed to elucidate the
pathological significance of TFH cells in the TME and its
relevance to clinical outcomes.

Informed Consent
Informed consent was obtained from the patient for publica-
tion of this case report.
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