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Abstract

Abstract: Trisomy 3 has been previously reported in association with T-cell lymphomas and less commonly in different types of
non-Hodgkin B-cell lymphomas. Trisomy 3 has also been reported in two cases of pediatric post-transplant lymphoproliferative
disorder (PTLD). We present comprehensive clinicopathologic review of two pediatric patients with cardiac and liver/intestinal
allografts that developed polymorphous PTLD characterized by trisomy 3. Both patients had EBV viremia and EBV was
positive in tissue by EBER in situ hybridization. Using karyotype analysis and fluorescence in situ hybridization, we identified
trisomy 3 in both patients. Both patients responded to treatment and are now free of the PTLD. Trisomy 3, an uncommon
cytogenetic finding in PTLD, may be a recurrent cytogenetic if confirmed in a larger study of pediatric PTLD’s. Further clinical

follow up might help stratify significance of trisomy 3 as a prognostic factor.

Abstract: Trisomy 3 has been previously reported in association with T-cell lymphomas and less commonly
in different types of non-Hodgkin B-cell lymphomas. Trisomy 3 has also been reported in two cases of
pediatric post-transplant lymphoproliferative disorder (PTLD). We present comprehensive clinicopathologic
review of two pediatric patients with cardiac and liver/intestinal allografts that developed polymorphous
PTLD characterized by trisomy 3. Both patients had EBV viremia and EBV was positive in tissue by
EBER in situ hybridization. Using karyotype analysis and fluorescence in situ hybridization, we identified
trisomy 3 in both patients. Both patients responded to treatment and are now free of the PTLD. Trisomy
3, an uncommon cytogenetic finding in PTLD, may be a recurrent cytogenetic if confirmed in a larger study
of pediatric PTLD’s. Further clinical follow up might help stratify significance of trisomy 3 as a prognostic
factor.

1. Introduction

Post-transplant lymphoproliferative disorders (PTLDs) are comprised of lymphoid or plasmacytic prolifer-
ations that develop because of immunosuppression following solid organ, bone marrow, or stem cell allo-
transplant * 2 . Vast majority of PTLDs are associated with the Epstein-Barr virus (EBV) infection and
constitute EBV-driven polyclonal or monoclonal B-cell or T-cell proliferations 3. There are four major
subtypes of PTLDs (according to WHO 2016) — non-destructive PTLDs, monomorphic, polymorphic and
classic Hodgkin lymphoma. It is important to diagnose cases as PTLD and indicate what type, because
of diagnostic and prognostic implications *. Adult patients with hepatic and cardiac allografts constitute
intermediate risk to develop PTLDs (approximately 1-5%), whereas those receiving intestinal allografts have



the highest risk (approximately 5%) %. In pediatric patients incidence is much higher with most cases being
EBV-positive polymorphous PTLD that develop during the first year following allograft transplantation 5.
PTLDs may involve any site of the body, with lymph nodes, lungs and gastrointestinal tract being the most
common sites'. Bone marrow is involved by polymorphous PTLD in about 20 percent of cases °. Polymor-
phous PTLDs are composed of a heterogeneous population of lymphocytes, plasma cells and immunoblasts
that efface architecture of the lymph node or extranodal tissue. Most cases of polymorphous PTLD con-
tain numerous cells positive for EBV-encoded small RNA (EBER) 7. A microarray study series of thirty
five PTLDs reported overall incidence of clonal cytogenetic abnormalities in approximately 50% of cases to
include gains of included 8q24, 3q27, 2p24, 5p, 9q, 11, 12q, 14q, 17q, 18q and nonrandom losses of 17p, 1p,
4q and Xp 8. Targeted next generation sequencing studies of 50 B-cell PTLDs revealed high incidence of
mutations in Lysine Methyltransferase 2D (KMT2D) and Tumor Protein p53 (TP53) genes . !

Trisomy 3 has been observed in different types of lymphomas, primarily in T cell lymphomas, and less
commonly in B cell Non-Hodgkin lymphomas, including extranodal marginal zone lymphoma of mucosa-
associated lymphoid tissue (MALT) and mantle cell lymphoma !°. Recently, trisomy 3 has been reported
in the case of an acute megakaryoblastic leukemia ''. To date there has been one publication describing
two cases of pediatric post-transplant lymphoproliferative disorder with trisomy 3 as a primary chromosomal
abnormality 2. We present clinicopathologic overview of two cases of polymorphous PTLD and with trisomy
3 in pediatric patients with intestine/liver and cardiac allografts.

2. Materials and Methods

Immunophenotyping, in situ hybridization and clonality studies. Tissue specimens were processed
for histological studies using standard methods. Immunophenotyping was performed using a panel of anti-
bodies including CD3, CD20, PAX-5, CD138, Kappa chain, Lambda chain, CD20. EBV was demonstrated
using EBER in-situ hybridization on formalin fixed paraffin-embedded tissues. For the B-cell clonality studies
DNA was isolated and subjected to polymerase chain reaction using primers specific to JH immunoglobulin
heavy chain, followed by gel electrophoresis and fluorescent detection. For T-cell clonality studies DNA
was isolated by routine laboratory procedures and subjected to the polymerase chain reaction using primers
specific for the T-cell receptor gamma locus (TRG), followed by capillary electrophoresis and fluorescent
scanner detection. This technique appears to be an accurate means of detecting clonal populations of
T-lymphocytes, provided the clone comprises 5% or more of the nucleated cells present in the submitted
specimen.

Cytogenetic studies. The lymph node tissues were minced and squeezed to obtain a single-cell suspension.
The cells were cultured without stimulation for 24 hours in Roswell Park Memorial Institute (RPMI) 1640
medium supplemented with 15% fetal calf serum. Chromosome preparation and G-banding analysis were
performed following standard procedures. Karyotype and FISH results were described according to the
International System for Human Cytogenetic Nomenclature (ISCN 2016)'3.

Fluorescence in situ hybridization (FISH). FISH was performed on the chromosome preparations using
directly labeled fluorescence painting probes for the whole chromosome 3 in patient 1, and for the whole
chromosomes 3 and X in patient 2. The FISH procedure was performed according to the Vysis protocol. A
total of 20 metaphases were examined in each patient.

3. Results: Clinical Data and Histological, Immunophenotypic, Molecular and Cytogenetic studies

Case 1. Patient is a 16-year-old female with a history of congenital jejunoileal atresia and intestinal failure-
associated liver disease who required combined orthotopic liver transplantation and intestinal transplantation
at the age of 1-year-old. At the age of two patient developed refractory immune-mediated thrombocytopenic
purpura, which eventually responded to splenectomy. She had a complex post-transplant course including
persistent EBV viremia and a polymorphous PTLD at the age of 3-years-old, when patient presented with
diffuse lymphadenopathy. At that time excisional biopsy of the supraclavicular lymph node revealed a total
effacement of the nodal architecture by a polymorphous lymphoid infiltrate composed of small and large
lymphoid cells, some resembling immunoblasts, as well as numerous plasma cells. Occasional atypical large



cells were noted. No necrosis was identified. EBV was positive by EBER in situ hybridization in numerous
lymphoid cells including the large cell component. The findings were consistent with the EBV-positive
polymorphic post-transplant lymphoproliferative disorder (PTLD) (Figure 1). 823

Figure 1. Patient 1: Excisional biopsy of the lymph node involved by polymorphous Post-transplant
lymphoproliferative disorder. A - B. Histomorphologic findings of the lymph node biopsy reveal effacement
of the nodal architecture (A. 40x) by a mixed proliferation of lymphocytes, immunoblasts, and plasma cells
(B. 400x). C - F. Immunohistochemical studies highlight mixed T-cells (C. CD3), B-cells (D. PAX5), and
polytypic plasma cells (E. CD138, F. Kappa, G Lambda). EBV EBER in-situ hybridization (H) highlights
scattered EBV-positive cells.

Clonal B-cell rearrangement was demonstrated by the presence of a discrete peak following PCR with primers
specific for the JH immunoglobulin heavy chain locus. In addition, PCR revealed prominent polyclonal
background.

Concurrent bone marrow biopsy demonstrated normocellular marrow for age with infiltration of abnormal
lambda light chain-restricted plasma cells (6% of all cells), small B-lymphocytes (18% of all cells), and
T-cells (12% of all cells) consistent with marrow involvement by the PTLD, involving about 30% of all
marrow (Figure 2 ). Histologic findings in the bone marrow resemble the lymph node. Cytogenetic studies,
performed on the bone marrow aspirate, showed an abnormal female chromosome analysis comprised of two
clones. 108

Figure 2 . Patient 1: Bone marrow showing involvement by PTLD. A. Bone marrow aspirate shows
increased number of plasma cells (arrow) and large B-cells (arrowhead) (A). Immunohistochemical studies
highlight both small and large B-cells (2B, CD20).



The abnormal clone (8 of 20 cells) exhibited loss of one X, and gain of an extra chromosome 3 and a marker
chromosome - 47,X,-X,+3,+mar[8] /46, XX[12]. Monosomy X has been reported in the association with
T-cell lymphoma, 4.

~ >

At the age of four, patient was doing well and screening bone marrow biopsy showed mildly hypocellular
marrow without PTLD (Figure 3 ). Despite the persistent EBV viremia by serum PCR, EBV was negative
by EBER in situ hybridization. Molecular testing did not identify a clonal population. However, cytogenetics
revealed one cell with an abnormal female karyotype with trisomy 3, similar to that previously observed in
this patient 47,XX,43[1]/46,XX[19]. Although one abnormal cell is considered non-clonal, due to the similar
trisomy 3 finding in the previous bone marrow this finding was communicated to the clinical team to alert
them for the possibility of the residual PTLD.

Figure 3 . Patient 1: Bone marrow is negative for involvement by PTLD. Bone marrow biopsy shows mildly
hypocellular marrow for age multilineage hematopoiesis (A. 100X and B. 400X). There is no morphologic
support for involvement by PTLD.

At the age of 11 and 14 years imaging studies identified multiple new mesenteric FDG-avid mesenteric lymph
nodes; however, tissue biopsy did not confirm recurrence of PTLD. Screening biopsies of the intestine did not
demonstrate recurrence of the PTLD. Over the course of her disease, patient’s EBV viremia was addressed
by the immunosuppression reduction, Ganciclovir, and Rituximab. Currently patient is doing well and does
not show signs of acute rejection or recurrent PTLD.

Case 2 . The patient is a 9-year-old female born full term with a Hemoglobin (Hgb)C trait. At five weeks
of age she started having cyanotic episodes and was diagnosed with left ventricular non-compaction dilated
cardiomyopathy. Patient required an orthotopic heart transplant at the three months of age. Immunosup-
pression was mediated by the mycophenolate mofetil and tacrolimus (CellCept). Shortly after the cardiac
allograft patient developed cytomegalovirus (CMYV) infection. CMV viremia was successfully treated with
Ganciclovir, with subsequent negative serology. At the eight months her mother noticed that she developed
difficulty crawling and holding her head. At that time hydrocephalus was diagnosed and a ventriculoperi-
toneal shunt placed. Over the course of her clinical course patient was noted to have a marked neutropenia
and reticulocytopenia refractory to the granulocyte colony stimulating growth factor Neupogen. By age four,
patient required transfusion.

At age five, patient developed cervical lymphadenopathy. Although EBV viremia was noted, lymph node
biopsy did not reveal PTLD. At age six, patient developed diffuse lymphadenopathy with multiple FDG-avid
lymph nodes. At that time, an inguinal lymph node biopsy revealed near-total nodal effacement by a diffuse
proliferation of mixed atypical lymphocytes, large transformed lymphocytes or immunoblasts, and numerous
plasma cells, consistent with the involvement by polymorphous PTLD. Immunostains highlighted mixed
lymphoplasmacytic cells with increased numbers of immunoblasts and polytypic plasma cells. Proliferation
index was at 40%, and EBV-EBER was positive by in-situ hybridization. Concurrent flow cytometry did
not detect any monotypic B-cells or pan T-cell aberrancy.
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Karyotype analysis demonstrated trisomy 3 as a sole anomaly in two out of twenty analyzed cells. To confirm
clonality of this finding interphase FISH was performed using a chromosome 3 centromere (CEP3) probe,
which showed 25 out of 300 cells positive for trisomy 3 (Figure 4) .

Figure 4. Conventional cytogenetics (G-banded karyotype) and fluorescence in situ hybridization (FISH)
studies were performed on the lymph node involved with PTLD. A. Chromosome analysis revealed
47 XX, +3[2]/46,XX[18]. B. This finding was confirmed by internal FISH studies with a probe for the
centromere of chromosome 3, which detected three copies of chromosome 3 in 8.3% (25/300) of the nuclei
examined. FISH studies were performed using commercially available Vysis Centromere 3 (CEP 3) probe
(Abbott Molecular, Des Plaines, IL), cut off value established for trisomy 3 is 1 percent.

Although bone marrow did not show histologic or immunophenotypic evidence of the involvement by PTLD,
molecular studies detected clonal and oligoclonal T-cell gene rearrangements. Patient was treated with
Rituximab. Currently patient is seven years old, doing well and is free of the recurrence of PTLD.

4. Discussion

PTLDs represent a heterogeneous, commonly EBV-driven clonal proliferation of B-cells with admixed T-
cell and plasma cells®. Although PTLDs are usually diagnosed based on clinical history, morphology, and
immunophenotype, clonality studies are used to aid in the diagnosis. Cytogenetics is a powerful technique
to determine clonality and, if possible, interpret clinical implications of the particular clone or clones. Al-
though molecular diagnostics dominate the era of the precision medicine, conventional chromosome analysis
and FISH studies remain valuable to diagnose gross chromosomal abnormalities in PTLDs. Cytogenetics
allows identification of a single cell that bears aneuploidies or large chromosomal aberrations. Furthermore,
FISH studies can be utilized to confirm the clonality of findings identified by karyotype. The most com-
mon aberrations were trisomies of chromosome 9 and/or 11 associated with EBV positivity, followed by
translocations involving 8q24.21 (MYC), 3¢27.3 (BCL6), and 14q32.13 (IGH), 14¢32.33 (TCL1) '®. The
identification of cytogenetic markers that either contribute to the prediction of clinical behavior or response
to the treatment are important in managing patients with PTLDs. Although specific mutations have not
been reported in PTLDs, aberrant somatic hypermutation was implicated in a pathogenetic process that
activates protooncogenes such as such as paired box protein (PAX-5) and avian myelocytomatosis viral
oncogene homolog (C-MYC)!S.

Aberrations involving chromosome 3 have been described in a range of low-grade B-cell lymphomas includ-
ing marginal zone lymphoma, with the incidence reaching 85 percent in splenic marginal zone lymphoma!”
18 Trisomy 3 has been reported in other types of B-cell lymphomas such as follicular lymphoma, small
cell lymphocytic lymphoma, and diffuse large cell lymphoma!®. Trisomy 3 has also been described in a
range of T-cell lymphomas 2°. Chromosome 3 contains proto-oncogenes that were reported in hematologic
malignancies including transducin (beta)-like 1 X-linked receptor 1 (TBL1XR1) at 3q26.32, myeloid differ-
entiation primary response gene (88) (MYDS88) at 3p22.2, GATA binding protein 2 (GATA2) at 3q21.3, ras
homolog family member A (RHOA) at 3p21.31, MDS1 and EVI1 complex locus (MECOM) at 3¢26.2, T cell
leukemia translocation altered (TCTA) at 3p21.31 and BCL6 transcription repressor (BCLG) at 3q27.3. It
is possible that the pathogenesis of PTLDs is mediated by the trisomy 3 through the increased gene dosage



of proto-oncogenes, however precise mechanism remains elusive. Recentin vitro studies using spontaneously
proliferating EBV-infected B-cells from patients with PTLD demonstrated a higher average growth rate and
expression a miR-BHRF1-3, the miRNA that was reported to have transforming abilities 2!.

One of the patients presented here (Case 1) also had one cell with a monosomy of chromosome X in addition
to trisomy 3. This finding likely represents a subclone, or a secondary finding in addition to trisomy 3. One
of the ways that the loss of chromosome X might contribute to the pathogenesis of PTLD is through the loss
of the copy of tumor suppressor gene. Several X-linked tumor suppressor genes including APC membrane
recruitment protein 1 (AMERI1) at Xql11.2 and forkhead box P3 (FOXP3) at Xp11.23 are X-linked tumor
suppressor genes involved in prostate cancer?? 23, The synchronous trisomy 3 with an extra chromosome X
has been previously reported in the pediatric PTLD'2. To our knowledge, this is the first report of the
pediatric polymorphous PTLD with coexisting trisomy 3 and monosomy of chromosome X.

In the present study, we report two pediatric cases of polymorphous EBV-driven PTLDs with trisomy 3
arising in the setting of cardiac and liver/intestinal allograft. In addition, one of the patients (Case 1) had
a monosomy of chromosome X. Both of the patients are doing well, which argues against poor prognostic
value of trisomy 3 in PTLDs.

Further studies are necessary to characterize cytogenetic findings in the larger number of pediatric PTLD
to understand the significance of trisomy 3. In addition, it is important to understand the significance of
trisomy 3 with or without monosomy of chromosome X. Eventually, better understanding of the landscape
of cytogenetic abnormalities in pediatric patients with PTLD will contribute to the accurate diagnosis and
clinical prognosis.
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Figure Legends

Figure 1. Patient 1: Excisional biopsy of the lymph node involved by polymorphous Post-transplant lym-
phoproliferative disorder. A - B. Histomorphologic findings of the lymph node biopsy reveal effacement of
the nodal architecture (A. 40x) by a mixed proliferation of lymphocytes, immunoblasts, and plasma cells
(B. 400x). C - F. Immunohistochemical studies highlight mixed T-cells (C. CD3), B-cells (D. PAX5), and
polytypic plasma cells (E. CD138, F. Kappa, G Lambda). EBV EBER in-situ hybridization (H) highlights
scattered EBV-positive cells.

Figure 2 . Patient 1: Bone marrow showing involvement by PTLD. A. Bone marrow aspirate shows increased
number of plasma cells (arrow) and large B-cells (arrowhead) (A). Immunohistochemical studies highlight
both small and large B-cells (2B, CD20).

Figure 3 . Patient 1: Bone marrow is negative for involvement by PTLD. Bone marrow biopsy shows mildly
hypocellular marrow for age multilineage hematopoiesis (A. 100X and B. 400X). There is no morphologic
support for involvement by PTLD.

Figure 4. Conventional cytogenetics (G-banded karyotype) and fluorescence in situ hybridization (FISH)
studies were performed on the lymph node involved with PTLD. A. Chromosome analysis revealed
47 XX, +3[2]/46,XX[18]. B. This finding was confirmed by internal FISH studies with a probe for the cen-
tromere of chromosome 3, which detected three copies of chromosome 3 in 8.3% (25/300) of the nuclei
examined. FISH studies were performed using commercially available Vysis Centromere 3 (CEP 3) probe
(Abbott Molecular, Des Plaines, IL), cut off value established for trisomy 3 is 1 percent.



e preliminary

wed. Data may

peer revie

and has not beer

This a preprint

60

h

541/au.158931080.07.

)

CC-B 0 — https://doi.org/10.

020

)

Posted on Authorea 12 May

Figure 1. Patient 1: Excisional biopsy of the lymph node involved by polymorphous
Post-transplant lymphoproliferative disorder. A - B. Histomorphologic findings of the
lymph node biopsy reveal effacement of the nodal architecture (A. 40x) by a mixed
proliferation of lymphocytes, immunoblasts, and plasma cells (B. 400x). C - F.
Immunohistochemical studies highlight mixed T-cells (C. CD3), B-cells (D. PAX5), and
polytypic plasma cells (E. CD138, F. Kappa, G Lambda). EBV EBER in-situ
hybridization (H) highlights scattered EBV-positive cells.



Figure 2. Patient 1: Bone marrow showing involvement by PTLD. A. Bone marrow
aspirate shows increased number of plasma cells (arrow) and large B-cells (arrowhead)
(A). Immunchistochemical studies highlight both small and large B-cells (2B, CD20).
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Figure 3. Patient 1: Bone marrow is negative for involvement by PTLD. Bone marrow
biopsy shows mildly hypocellular marrow for age multilineage hematopoiesis (A. 100X
and B. 400X). There is no morphologic support for involvement by PTLD.
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Figure 4. Conventional cytogenetics (G-banded karyotype) and fluorescence in situ
hybridization (FISH) studies were performed on the lymph node involved with PTLD. A.
Chromosome analysis revealed 47,XX,+3[2]/46,XX[18]. B. This finding was confirmed
by internal FISH studies with a probe for the centromere of chromosome 3,

which detected three copies of chromosome 3 in 8.3% (25/300) of the nuclei examined.
FISH studies were performed using commercially available Vysis Centromere 3 (CEP 3)
probe (Abbott Molecular, Des Plaines, IL), cut off value established for trisomy 3 is 1

percent.
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