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Supporting Information Appendix (S| Appendix)
Supplementary Materials and Methods

Ethics statement. Non-obese diabetic/severe combined immuno deficient
(NOD/LtSz-scid/IL2Ry™") (referred to as NSG) mice were p purchased from the
Jackson Laboratory (Bar Harbor, ME) (1, 2). Newborn progenies for transplantation
experiments were obtained from inbred breeding and maintained under Specific-
Pathogen-Free (SPF) conditions. Animal protocols for this study (No. 20100210001)
were reviewed and approved by the Institutional Animal Care and Use Committee
(IACUC) of Samsung Biomedical Research Institute (SBRI). SBRI is an Association
for Assessment and Accreditation of Laboratory Animal Care International (AAALAC)
accredited facility. Experiments abided by the Institute of Laboratory Animal
Resources (ILAR) guide and were approved by the Institutional Animal Care and
Use Committee of SBRI. Human cord blood and fetal liver (hFL) were obtained at
Department of Obstetrics and Gynecology, Samsung Medical Center (SMC).
Informed, written consent was acquired from the parents of the 3 independent
donors. Human protocol for experiments with human materials was approved by the
Institutional Review Boards of SMC (IRB File No. 2010-08-159).

Cell preparation for engraftment Human mononuclear cells (hMNC) were isolated
from human cord blood using Ficoll-Hypaque density gradient centrifugation. Human
(h) hCD34" HSCs were purified by positive selection using the MACS human CD34
MicroBead Kit and autoMACS™ Cell Separator (Miltenyi Biotech, Bergisch Gladbach,
Germany). The purity of cord blood hCD34" HSCs was evaluated by flow cytometry
analysis using antibodies specific for hLin (BD Biosciences, San Jose, CA), hCD34
(BD), and hCD38 (eBioscience, San Diego, CA) molecules. hLin"/CD34"/CD38"
HSC with over 95% purity were used in subsequent studies. For hFL, within 24 hours
after an abortion, hFL was sectioned and MSCs (hFL-MSC) were obtained by
disintegration of fetal liver using a 70pum mesh (BD). hFL-MSCs were suspended in
a-modified Eagle’s medium (a-MEM). After 3 to 7 passages, hFL-MSCs were
transduced with Lenti viruses that expressed DLK1. The cells were then selected
with G418 at 600ug/ml. DLK1 gene was PCR-amplified from AFT024 cell line (ATCC
SCRC-1007") by using DLK1 primers as follows: forward 5'-GGGTCCATGA

CCGCGACCGA AGCC-3', reverse 5'-CCTAGGTTAG ATCTCCTCGT CGCC-3".

Induction, purification and concentration and quantification of infectious EBV.
High titer of infectious EBV B95-8 virion was produced from B95.8/ZHT cells where
extra-copy of viral lytic transactivator ZTA protein was in frame fused to 4-
hydroxytamoxifen (4HT)-binding, mutant estrogen receptor (ZHT) (3). The near
confluent B95-8/ZHT cells were treated with phorbol ester tetradecanoyl phorbol
acetate (TPA), a PKC agonist, 20 ng/ml and hydroxyl tamoxifen at 200 nM for 5-7
days (3). Virus was harvested from cell culture supernatant and concentrated as
described (3). The relative 50% transforming dose (TDsp) was measured by infecting
the concentrated EBV into PBMCs as described (4). Alternatively, the genome copy
equivalents were determined by real time qPCR using DNA from 1 x 10° RAJI cells
(equivalent to 5 x 10° EBV copies). RAJI cells carry an average of 50 copies of latent
viral genomes per cell (5). To infect ANSG with EBV, hNSG mice received HSC for 8
weeks (referred to as ®*hN) or 15 weeks ("°*hN), PBS control, or 100 ul EBV
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concentrate (equivalent to 2.6 x 10° RAJI EBV copy, however also equivalent to
approximately 1.5 x 10° TDso of B95.8 EBV virus solution) was injected through the
tail vein into ®*hN or "*hN mice. hNSG mice challenged with EBV are referred to as
hN-EBV.

Characterization of hNSG mice. Components of HIS in reconstituted mice were
analyzed from PBMCs weekly after EBV challenge by flow cytometry. RBC-free
PBMCs were stained with monoclonal antibodies specific for hCD3 (UCHT1), hCD8a
(OKT8), hCD45RO (UCHL1), hCD19 (HIB19), hCD45 (HI30), hCD45RA (HI100),
hCD4 (OKT4) (eBioscience). Stained cells were analyzed on FACSAria (BD
Biosciences). Serum and plasma layers were kept at —-80°C for analyses when
necessary. DNA was prepared from PBMCs and sera. Infection with EBV in hNSG
was verified by conventional or real time qPCR for EBNA1 and GAPDH using primer

reported primer sets(6); EBNA-1 primers (F: 5-GAGGA TCCGC GCGGA AAG-3, R:

5'-GAGGA TCCGC GCCAA AG-3').

For mRNA expression, total RNA was isolated using RNeasy mini kit (Qiagen). One
microgram of RNA was subjected to reverse transcription using AccuPower® RT
PreMix (Bioneer) (Daejon, Korea) and PCR using the following primer sets of EBNA1
(F 5’- CCGCA GATGA CCCAG GAGAA, R 5- TGGAA ACCAG GGAGG CAAAT -3)),
EBNA2A (F 5-CATAG AAGAA GAAGA GGATG, R 5- GTAGG GATTC GAGGG
AATTA), EBNA3C (F 5-AGAAG GGGAG CGTGT GTTGT, R 5- GGCTC GTTTT
TGACG TCGGC), LMP1 (F 5- GTACG GGTAC AGATT TCC, R5- CTGCC GCCAA
CGACC TC), hBCL2 (F 5- GGCAA ATGAC CAGCA GA, R 5- TGGCA GGATA
GCAGC AC), hCD30 (F 5- GGTTG AGGCA GCAAA CAGAT GG, R 5- GAGAT
GAGTG ACTTG ATCCT GG) and GAPDH(F 5-TGCAC CACCA ACTGC TTACC, R
5-GGCAT GGACT GTCGT CATGA G).

Histopathological in situ staining. Spleen sections were stained with hematoxylin
& eosin (H&E) or antibodies. Antibody includes mouse monoclonal antibody specific
for hCD3 (clone UCHT1), hCD15 (ab53997, Abcam), hBCL2 (226R-14, Cell marque),
hlg J chain (FL-137, Santa Cruz), hKi67 (227m-94, Cell marque), hCD20 (clone H1,
BD Pharmingen) and hCD3 (F7.2.38, Santa Cruz), hCD30 (Ber-H2, DAKO), hCD68
(EBM11, DAKO), and rabbit polyclonal antibody specific for hCD30 (EPR4102,
Abcam) for double staining and phospho tyrosine 461 of STAT6 (NOVUS NB100-
2138). Antibody to EBV viral antigen includes mouse monoclonal antibodies to
EBNA-1 (clone OT1X, a gift from Dr. Middeldorp, VU University Medical Center,
Amsterdam, Netherlands) (clone 0211 (6F9/60), NOVUS NB100-66642), LMP1
(CS1-4) (DAKO) and rat monoclonal antibody to EBNA2 (R3, (Millipore #MABES).
The EBER in situ hybridization (ISH) was performed by using the Bond EBER ISH
Probe according to manufacturer’s instruction (Leica Microsystems, Buffalo Grove, IL,
Cat. # PB0589). Sequential double staining for hCD30 (or hCD20)/EBNA1 and
hCD30/EBER were performed as described (7).

Statistical analyses. Statistical analyses were performed using GraphPad Prism
v.6.0 (GraphPad Software, San Diego, CA). Data are presented as means of
experimental measurements and standard errors of the means (SEM). The P< 0.05
was considered statistically significant.
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Supplementary Results and Discussion

Immune cell repopulation. As consistent with the early appearance of B cell
lineage with delayed T cell repopulation in the previous reports (8) (4, 7), the 8-week-
reconstitution resulted in B-cell predominance over T cells in almost all mice (12/13
8hN mice). Given that human hematopoietic cell repopulation has been known to be
observed as early as 6 weeks after CB hCD34" HSC engraftment (8), the
predominant B cells in ®*hN in this study would be mostly immature B cells. The B
cells was steadily declined thereafter and rapidly shifted to T cell dominance in the
following 5 weeks as also described previously(8) (4, 7). In contrast, the 15-week-
reconstitution (**hN) resulted in T-cell predominance in most mice (12/15 "**hN
mice) while the remaining 3 mice showed B-cell dominance (3/15 mice) (Fig. 1;
Table 1; Table S1). Taken ®*hN and ®*hN groups together, while predominance of T
cells in altogether 16 mice was unaffected until 5 weeks post transplantation (wpt),
13 out of 18 mice with B cell predominance switched to T cell dominance. The B cell
dominance in the remaining 5 mice was likely due to B cell expansion as a result of
EBV infection (Table 1; Table S1). The above profiles within error ranges were noted
until 13 wpt in ™*hN but not in ®*hN (Fig. S1). The 8-week reconstitution resulted in
repopulation of hCD45" cells as much as ~5% of total peripheral blood lymphocytes
in humanized mice. They are comprised of the vast majority (78%) of presumably
immature hCD19" B cells and rare T cells (~2%). Longer reconstitution was needed
to repopulate human HSC at the proper level; the 15-week reconstitution
substantially increased repopulated efficiency by 3 fold compared to the 8-week
condition (hCD45" cells comprised ~15%) and resulted in balanced repopulation
between B and T cells (hCD19" B 16%, hCD3" T 65% among hCD45" human
lymphocytes) . Lack of activated T cells may be linked to predisposition to NHL in
8hN following EBV infection. In contrast, abundant T cells in "*hN can limit an EBV-
infected cell proliferation, leaving rare numbers of EBV-infected cells (i.e., Hodgkin-
like cells and/or Reed Sternberg (HRS)-like cells) that could have escaped from host
immune surveillance.

EBYV latency. In contrast to general belief, EBV infection in B cell predominant mice
before T cell expansion did not result in type Il or EBNA2 expression. B-cell
predominant most mice infected with EBV after 8-week reconstitution prior to T-cell
expansion (2*hN-EBV), showed type | latency (lack of EBNA2 and LMP1 expression
(8 /9 mice as evidenced by IHC and PCR)) (see experimental trial 1). In sharp
contrast, mice infected with EBV after 15 weeks of reconstitution ("°**hN-EBV)
showed both type Il (n=6) and Ill (n=6) at equal frequency, which was followed by
rare type | latency (n=1), suggesting that EBV infection at early phase of
hematopoiesis may limit expression of certain latent genes and preexisting or
developing T cells in this experimental setting may not (or less) properly function
(Table S1; Fig. S13).

EBV load in sera. EBV DNA was detected in sera of infected mice as early as 2~3
wpi. Ten-thousand—fold higher titers of EBV particles were detected in hANSG'**-EBV
than hNSG®"-EBV mice or injected EBV copy number (2 x 10°). The extremely high
level of detected EBV in sera is likely produced from productive infection, which was
consistent with an earlier report describing that EBV initially replicates lytically to
produce abundant virus particles, then enters a latent state to remain within the host
indefinitely(9). Sera of EBV-NHL bearing mice had ~2 fold more maximum level of
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viral load than those of EBV-HL-like mice from Exp 2 and Exp 3 settings that
essentially adopted the same reconstitution periods (15 weeks) (Fig. 3).

EBVaNHL-like tumors. Both diffuse and nodular (or follicular) proliferation of
atypical immunoblast-like lymphocytes in EBVaNHL that replace the normal
architecture of lymphoid tissue, were observed in the present study. These cells
formed aggregates resembling lymphoid follicles but without germinal centers (Sl
Appendix, Figure S5 A, left). There was also diffuse distribution of proliferating cells
with no clear evidence of follicular aggregation (S| Appendix, Fig. S5 A, right). These
atypical lymphocytes were larger (5—7 um in diameter) than normal lymphocytes (3—
4 um in diameter) and displayed histology characteristic of NHL including vesicular
nuclei, prominent nucleoli, and usually basophilic cytoplasm. Overall, the histological
features of these cells were highly consistent with human NHL. This suggestion was
further supported by immunostaining (See the malignant, abundant hCD20+/hBCL2+
B cells in Fig. 4).

EBVaHL-like tumors in abnormal T cell dominant condition. In low powered view,
microscopic architecture of spleen was extensively distorted so that normal lymphoid
function units including PALS (periarterial lymphoid sheath) and lymphoid follicle (LF)
were extensively effaced. Instead, the normal microscopic structure was replaced by
haphazard lymphoid cell proliferation without evident functional structure. The extent
of effacement seen in this study was something that can be observed only in
malignant condition, not in reactive hyperplasia with mild distortion of lymphoid
architecture and enlarged lymphoid follicle.

In high powered view, most of lymphoid cells comprising this lesion appeared to be
normal without any morphological features of suggestive malignancies such as
enlarged nucleus, irregular chromatin distribution, angular nuclear membrane and
prominent nucleolus. However, many cells having morphological features of HRS-
like cells were scattered among normal-looking lymphocytes. These HRS-like cells
displayed a very prominent nucleoli, highly thickened and irregular nuclear
membrane, vesicular chromatin distribution, remarkably enlarged nucleus (Fig. S3,
Fig. S4). All of these features suggest that these cells have all pathologic attributes
of HRS cells.

Contrasting to the fact that human epithelial microenvironment is necessary for
proper self MHC-restricted T cell development in thymus, this humanized mice
system only carried human hematopoietic cells but not human thymic epithelial cells
and thymic T cells, indicating that human T cells in this humanized mice must be
educated in the context of mouse MHC restriction. Therefore, T cells should be
suboptimal in controlling cellular immune response against infection. In this regard,
we have established new generation of humanized mice which were engrafted with
all the necessary microenvironment and hematopoietic stem cells: human thymic,
bone tissues and autologous hCD34" stem cells. A well-conditioned human B and T
cell response with an excellent adaptive immune response to T dependent antigens
in such novel humanized mice may help to elucidate the role of T cells in controlling
acute EBV-induced IM or HL-like tumors (10).

Fewer EBER+ cell than EBNA1+ cells. The odd results of apparently fewer number
of EBER positive cells than EBNA1-positive cells were confirmed by additional
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staining of consecutive tissue slices from two infected specimens (IF6, IF7) and RAJI
cells were performed. The proportion of EBER RNAs in situ-positive cells was
smaller than that of EBNA1 IHC—positive (EBER 50~60% vs. 80~90% EBNA1 in
RAJI, 5~10% vs. 10~30% in spleen of EBVaNHL humanized mice in this revision
and Fig S8, S9) (S| Appendix, Fig. S15). Given EBERs are transcribed to high
abundance by host RNA polymerase Il (POL Ill)(11, 12) the lower number of EBER+
cells than that of EBNA1+ cells suggested that POLIII-dependent EBER promoter
usage is cell cycle-dependent. In fact, several reports already have shown that POL
[l activity is negatively regulated by RB tumor suppressor during GO and early G1 in
cell-cycle dependent manner(13-16). Scott et al described that “RB binds and
represses the POL lll-specific transcription factor TFIIIB during G(0) and early G(1),
but this interaction decreases as cells approach S phase. Full induction of POL Il
coincides with mid- to late G(1) phase, when RB becomes phosphorylated by cyclin
D- and E-dependent kinases”. In contrast, because EBNA1 is transcribed by
alternatively changing one of three EBV promoters (Wp, Cp, Qp)(17-20) and
stabilized via its glycine-alanine repeat-mediated inhibition of proteasome activity (21,
22) almost all EBV-infected cells are constitutively positive for EBNA. Collectively, we
assume that non-cycling cells may transcribe less EBER than actively propagating
cells while maintaining EBNA1 at constitutively level. As for Fig 3D and 4A, please
be advised that area (or specimen ID) of EBER in situ were different from those of
EBNA1 because of usual unavailability of consecutive or failure in staining. In
addition, please be advised that similar staining pattern was also seen in a previous
EBV humanized mouse (23).

Differential diagnosis of hCD30* and hCD15" HRS-like cells from activated B/T
cells, macrophages and mature granulocytes. Both hCD30 and hCD15 can be
expressed in activated B cells, T cells, macrophages in subsets of DLBCLs.
However the diagnosis of HL is made primarily on histology basis. HRS cells have
distinct cellular morphology; therefore can be distinguished from activated normal
cells such as activated B cells, T cells, and macrophages. For instance, histological
hallmarks of HRS cells such as exceedingly enlarged nucleus, aberrant chromatic
distribution with extreme vesicular nuclei, and prominent nuclei are not seen in
activated lymphocytes and macrophages, strong indicative of malignant cells. Next,
a subset of DLBCLs can show some of HRS-related histological features. In this
case, differential diagnosis is primarily made by extent of cytological atypism of
background lymphocytes. DLBCLs show extensive cytological atypism in
background lymphocytes with variable extent of atypsim. Therefore, the gradual
transition of highly atypical cancer cells to moderately atypical background
lymphocyte is observed. In fact, almost every cell in DLBCLs is tumor cell with
variable cytological atypia. However, in HL, there is highly distinct discontinuity in
cytological atypism between HRS cells and background lymphocytes. In our HL-like
lesions, background lymphocytes appear to be normal without any cytological atypia.
Therefore, the possibility of a subset of DLBCL can be excluded in our cases.

The positivity of hCD30, hCD15 and phospho STAT6 in HRS- like cells in our lesion
strengthened the diagnosis of Hodgkin’s lymphoma. In addition, taking all
hCD30/hCD15, EBNA1/EBER, phospho STAT6 and Vy nonsense mutation into
consideration together most likely indicates those are EBV-associated HL or HL- like
malignant cells (Fig. 4). Limited search of extra-splenic lymphoma found two
pancreatic lymphomas (1 in 8 NHL and 1 in 5 HL-like mice examined) (S| Appendix,
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Fig. S16). Though dissociated splenocytes from infected mice started to grow,
almost all cells stopped growing and died following 2nd~3rd passages (S| Appendix,
Fig. S17). It is also possible that the HL-like cells analyzed in this study might be
derived from seemingly type Ill IM cells after germinal center reaction in response to
EBV antigen. The role of acute infection in HL development via apparent IM will be a
subject of future study using the third generation of humanized mice recently
developed by the authors (10). A well-conditioned human B and T cell response with
an excellent adaptive immune response to T dependent antigens in such novel
humanized mice may help to elucidate the role of T cells in controlling EBV-induced
acute lymphoproliferation.

Role of human mesenchymal stem cell (hMSC) and DLK1 in hematopoiesis

Hematopoietic organs-derived MSCs have an immunosuppressive function. MSCs
suppress an alloantigen- and mitogen-activated T-cell development and proliferation.
MSCs inhibit cytokine secretion (interleukin-12, tumor necrosis factor-a, interferon-y)
from activated T-cells. MSC-mediated suppression of T-cells results in concomitant
B-cell dominance (24, 25). In this MSC-mediated suppressed T-cell condition, EBV-
infection of B-cells may cause infected cells to over-proliferate, resulting in B cell
lymphoma (BCL). Notch signaling governs T cell versus B cell fate decisions and is
critical for T cell lineage commitment. Notch signaling promotes development of T
cells (26, 27). Constitutive active form of Notch abolishes B cell development
whereas it promotes T cell development in mice and in vitro (28). Conditional
inactivation of Notch-1 displays a blockage in T cell development with the
concomitant development of B cells as a result of inefficient recombination at the

TCR-B locus (29, 30).

It is known that, while BM-derived non hematopoietic stromal cells support B cell
lymphopoiesis, the same cell line ectopically expressing a notch activating ligand
DLK1 induce T cell proliferation and differentiation into CD4 CD8 double- and single-
positive T cells with functional T cell receptor (TCR)(31). Very consistently to
reported results (24, 25) (28-31), non autologous FL-derived MSC in this study
induced the differentiation of B lymphocytes from HSCs. Moreover, MSC ectopically
expressing an appropriate Notch ligand, DLK1, redirected HSC differentiation to
adopt T cell fate. DLK1 expression in MSCs in vivo most likely induces pro-
inflammatory cytokines and chemokines that induce a growth of activated T-cells as
described (32). Unlike suppressed T-cells, activated T-cells are abundant and likely
control proliferation as well as limit EBV-infected B-cells. This control should result in
the survival of rare malignant cells that are present in the background of
nonmalignant predominant lymphocyte as seen in HL-like tumor. These data suggest
that distinct immune cell predominance may associate with certain type of EBV-
induced B cell lymphoma.
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19 wend 8 U | B BV 52 35 66 T BT NH
O henad 8 U | B BV 57 51 M T BT N
1 penad 8 I % 1 B BV 55 47 M5 T BT NH
M2 wenad 8 9 a0 2 B BV 17 658 13 B B> NH
IMB. henatt 8 308 d B BV 09 09 29 T-B B->T  NHLTCL
2 wend 15 14 15 65 T PBS 195 4 5T T
23 wendt 15 09 99 #o T PBS BT 16 M§ T T
A1 wemd 15 01 17 TS T PBS W4 6 T T
&5 wemat 15 R R MBS NA M oms om Tt
20 wendt 15 4 1 T PBS 105 3 B T T
43w 1 05 42 9 T BV U4 3 86 T T NHL
¥ wemd 15 03 667 37 B BV 04 188 < B BB NH
PP wemd B W W3OSIT BV B3 2 95 T BT KM
M wendt 1 ur 61 83 T BV 18 63 &1 T T>T HLAH
M wemd 15 56 182 455 T BV 65 B 47 T T HL
4 wend 15 5 48 81 T BV 5 19 MA T T HL
T d B T T HL
53 au'mer 15 11 389 56 B BV 28 R <« B BB NH
T M2 e 15 50N Al B BV 73 L Rl T BT N
61 u'mnt 15 54 67 T BV 3 52 M9 T T HL
Mo oumnn B 07 84 83 T BV 05 4 %1 T T HL
o wmnp B 09 1 33 i BV 28 4 % T T>T  HNH

#Group of humnized mice which were given for 8 and 15 weeks, respectivel, ("W o “'hN) forimmune el recostuton following HSC graft, and 15 weeks after co engraftment with HSC and MSC (15whMSC),

*Comesponds at 8 weeks and 15 weeks after graftfor Exp 1 and Exp 23 respectively, **Corresponds at 13 and 20 weeks after graft for Exp 1 and Exp 2+3 respectivel, New bom NSG 2t 1 day after the birth,
"hCD34+fetal humn cord blood hCD34+ hematopoietic stem cells 2¢105, 3Conengraftment of hCD34+ HSC and mesenchymal stem cell (SC), 4Conengraftment of hCD34+ HSC and MSC expressing notch actvator
DLKL gene, Weeks given for reconstitution after graft “Total human CO45+ leukocytes fraction in mouse PBMC, heoms 8 (nCD3+ T) cells among gated hCD45+, Doninant el fype at indicated time points,
glnjection of B958 supematant or PBS though tai ven, "evoluion o dominan e type from before and 5 weeks after infection with EBV or PBS, #presumed dominance after considering data from the same

conditions, Note the evolution data summarized in Fig. 1 and Table 1 “Non Hodgkin's types B cell jmphoma (NHL), Hodgkin's ymphoma (HL), or Hyperplasia (HP) at the age of 28-30 weeks,
“Inmunchstohemicd staiing, 13Latency typed by IHC, type 1 (EBNAL/EBER; type 2a, EBNAL/EBER/LMPL; type 2b, EBNAL/EBER/EBNAL: type 3, EBNAL/EBER/LMPY/EBNAY, na not applicable “foman independent

Print to PDF without this message by purchasing novaPDF (http://www.novapdf.com/)



http://www.novapdf.com/
http://www.novapdf.com/

(1L LT LA O LA A A LR
095941439970779

A 8WhNSG
hCD45* hCD45-gated hCD19* hCD45-gated hCD3*
30 4 ® Non infected (n=6) 2120 1 m 100
® EBV-infected (n=7) O 8
25 - ) G100 - Q a0
2 20 - T 80 - B o
[a] ® ©
9 15 o 60 - b
0 < 40
10 - S 40 )
Q
5 < 20 A < 20
0 T T ! 0 T T 0 - T T
0 5 22 0 é 22 5 22
weeks after infection 20 -~ \veeks after infection -20 - weeks after infection
B 1>WhNSG
70 7 ® Non infected (n=10) 65 1 m 120 7
B EBV-infected (n=9) & 5100
o i
o = 45 1 T 80
in ° 5
3 30 2 g
o > 25 =2
= 2 g 40
8 = 20
10
o= 5 i
T T =T T[TITT 1 11 0 T T T T T T
-1040 3 5 7 9 11 13 113 5|7 9 11 13 0 35 7 9 1113
- 5 o
weeks after infection weeks after infection weeks after infection

Fig. S1. Human immune cell profile in PBMCs between EBV-noninfected and —
humanized mice. A) No changes in ®*hN until 22 weeks post-infection (wpi). B)
Slightly more B with less T cell fraction within error ranges upon EBV infection in
""WhN until 13 wpi. Data points are indicated as mean + a standard error (SEM).
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Fig. S2. IHC staining of splenic tissues of ®*hN-EBV mice with NHL. Most NHL
tissues showed a positive staining for typical EBVaNHL markers (hBCL2", hKI67",
hCD20", EBNA1*, EBER"), but negative staining (EBNA2", LMP1°) and HL marker
(CD307). The number in the left denotes mouse individual number described in Table
S1. Two EBNA1 monoclonal antibodies (OTX1, 6F9/60) were used.
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Fig. S3. Expressions of viral and HL markers in spleen of T cell predominant mice
with HL-like disorder A) IHC staining. Multiple HRS (red arrow), lacunar typed RS
(green arrow), and mummified RS (blue arrow) cells were observed (average 24
cells per spleen of HL). Malignant HRS cells were positive for EBVaHL markers
(EBER", LMP1*, EBNA1", EBNA"/hCD30*, hCD30") but negative NHL markers
(hCD20°, EBNA2) (see hCD20" malignant RS-like cells (black arrow) in the hCD20"
Mweak hackground) . Each color indicates staining of indicated antigens.
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Fig. S4. Additional HRS or RS-like images in all HL-bearing mice. Multiple HRS (red
arrow), lacunar typed RS (green arrow), and mummified RS (blue arrow) cells were
observed (average 24 cells per spleen of HL). The number in the left denotes mouse
individual number described in Table S1.
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A Non Hodgkin Lymphoma

Fig. S5. EBV-associated lymphomas H&E microscope graphs of spleens from
humanized mice in this study. A) H&E staining of spleen from EBV-infected
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humanized mice with NHL. Note proliferation of histiocyte. B) H&E staining of
spleens from EBV-infected humanized mice with HL-like tumor. Whole spleen was
shown on the upper right corner. Closed-up images were embedded on the low-
powered image. C) Closed up images of H&E of HL (left) and IM (right) in the same
humanized mice (ID 4-2) (see Discussion section for detail). In HL, typical HRS cell
(arrow) was typically surrounded mostly by normal-looking lymphocytes (filled arrow
head). In IM, the rare lymphocytes (filled arrowhead) and HRS-like cells were
observed in the admixture of abundant immunoblasts (unfilled arrowhead)
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Non infection
w", .
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=
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+
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Fig. S6. IHC staining of hCD20 for spleen of humanized mice. Note high abundance
in NHL but less or weak abundance in HL tissue, which was consistent with
lymphoma criteria of REAL/WHO.
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Fig. S7. IHC staining of hBCL2 for spleen of humanized mice
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Fig. S8. In situ staining of EBER for spleen of humanized mice
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Fig. S9. IHC staining of EBNA1 for spleen of humanized mice
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Fig. S10. IHC staining of EBNAZ2 for spleen of humanized mice
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Fig. S11. IHC staining of LMP1 for spleen of humanized mice
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Fig. S12. IHC staining of phospho STATG6 for spleen of humanized mice
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Fig. S13. PCR analyses of mMRNA expression in humanized splenocyte. EBV-
negative BJAB BL, EBV-infected RAJI type Ill BL cell lines and PBS-injected
humanized mice were used as a negative or positive control. *Note that mouse 2-4
has both NHL and HL-like tumor. RNA isolated from thin slice from a certain depth in
paraffin embedded tissue does not necessary represent in situ expression pattern
than can be seen at the whole spleen level, likely accounting for variation or
inconsistency between PCR and IHC.
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V,, 16*01 GAGGTGCAGCTGGTGGAGTCTGGGEEAGECETGETCCAGE CTGGGGEETCCCTG . AGACTCTICTTRT . GCAGCCTCTGGA 78
DD seeeses sossmos S e e ssE e GRAGGHGEEEGG. - . . CARCIRACHTATGAG AT(RAGGCHRCHETGACCGGCCGAT 50
D2: 42 e ceHRGEETTRAR] . 22 TARCARGATC. TQEAGA . TCTCCTGT. GCAGCCTCTGGA 52
o) 117/ eSS S S| [cedeaeaedendAdE TGEECGGHTCYGTQRATAGT CTCGTGTEGCAGCCTCTGGR 55
DLAFS & saish e Sdnddsh Paseensie [ce8eceeedean AdE T3EGCEEEICYGIgBATAGT CTCGTGIBGCAGCCTCTGGA 55
D3IM2 sedee e gebeEes SsneEeEEES GGGGGGGTARA]. . GC CGGEOGCYIAGRTGURGACTCICCTGTN GCAGCCTCTGGA 52
Vi 16*01 TTCACC.GTCAGTAGCAACTACA . TGACCTGGGT . . CCGCCAGGCTCCAGGGARGGGGCTGGAGTGGGTGTCACTTATTT 154
D2:1-2 CGAACGGOTRBAGATATGTGECARTGATTCAGGCEACCGE CACGATTTGTGCACTGA . CTTTAGGGTGCTCAGTCGAGCA 129
D2; 4-2 TTCACC.TTGAGTAGTIATGCOREGCAGIEEGGT. - CCGC CAGGCTCCAGHIEN GGGGCTGET GGGGGACCTGCCTATGA 129
DL;1F7 TTCACCGTTCTCTAGCTATGCANBTGACCTGGGA . . CCGGECAGGACTCGGGCAGTRNGEGCT GGAGTGCCTAGCCCARGA 133
DL:1FS TTCACCGTTCTCTAGCTATGCAABTGACCTGGGA . . CCGGCAGGACTCGGEGAGTANGEGCT GGAGTGCCTAGCCCARGA 133
D3;2M2 TTCACC .[TTAAGTAGOTATGEAA . TGAACTGGET . . CCGC CAGGCTCCAGGGAAGGGGCTGEAGTGGETCGARTITATA] 128
V}16*01 ATAGCGGTGGTACCACAACATATT . ACGCAGAGTCCG .. TGAAGGGCCE . AT . . TCACCATCTCCAGAGACAATTCCARAR 229
D2: 1-2 CATGTGGATAGGCCCTGACARACABATGTCATCACCCETATRNAACTGEATEATTCATAACACCGETRABATTT. . . . . . 203
D2; 4-2 GATHEEAAGAACACCTGARAACAANATCOERRTACCGEGA TAACAACABATEE TCCCTATCAACTGTTTARAAGATGGCT 207
DL:1F7 GATCGGGAGAAGACCTGGAAACAA . ATGCEBRBTACCG . GATAACAACABATEN TGCCTATCCACTGTTTARAAGATGGETT 211
DL:1F5 GATCGGGAGAAGACCTGGAAACAA . ATGCOERBTACCG . GATAACAACABATEA TGCCTATCCACTGTTTAAAAGATGGTT 211

D3;2M2 ETRGIRATGEAAGTRAGRTATACT . ACGCATAGTCTG . TGAAGGGCCANAT. . HCGQCATCTACAGETACAHATRAS - - 202

V, 16*01 ACACGATGTATCTTCARATGAACAGCCTGGAGTAGAGGACACGGCTIGTIGTIATTACTGTGCGEGAGACCTGRACAGCACCT 309
D21=2k  pmismsnmes e s s S A I S e S S S S S S S SIS i 203
D2: 4-2 CCGCTATCACTCTTIGGATGGACCTGCGGTGCATTAG TIGGTRAAGGTACTGCCTACCRAAGGCAATCATGCATACCCT 287
D1:1F7 CIGCTATCACTCTTGGATGGACCTGCGGT GCATTAC@TTGGTAAGTAACCGCCTACCAAGGCGATCAT GCCTAACC@ 291
D1:1F5 C'l'GCTATCACTCTTGGATGGACCTGCGGTGCATTACTTGGTAAGTAACCGCCI'ACCAAGGCGATCATGCCTAAC(@ 291
D32M2 ek genes dh SRR TR G B SIS EEE S SRR O DR A SESEYE O AU RS Uh Sai U NSO SR EER 95 202
V, 16*01 CGGT . AGGGACTRAATAATTTCTACATGGACGTCTGGGGCARAGGGACCACGGTCACCGTICICCTICA. . oo i e e e e v a s 374
0 R 203
D2; 4-2 ATTTEATATACCGATCAGCCACATTGGGACTGATACACGG CCCARACTCCTACGGGAGGCAGCAGTARGGAATCTTCCAC 367
D1:1F7 LTLGL TCGECCACATTGEGACTGATACACGG CCCARACTCCTACGGGAGGCGRGCARTARGCGARTCTTCCAC 371
D1:1F5 EII.ATAGA(WTCGGCCACATTGGGACTGATACACGG CCCRARACTCCTACGGGAGGGAGCRAATALGGARTCTTCCAC 371
D3;2M2 e T T TTTTTTTTTTETETETETETETTTOTTTETTTETTETETETESST 202

D; donor1, 2,3 [ |: missense mutation——: Frame shift [_]: stop codon [ : Insertion
Fig. S14. Evidence of somatic hypermutations in spleen of EBV-infected humanized
mice. Despite the presence of similarity between spleen DNAs derived from the
same donors (germ line effect), all spleens had individually different mutation profiles,
indicative of occurrence of somatic hypermutation.
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Fig. S15. Fewer number of EBER" cells than EBNA1" cells. Consecutive spleen
tissue slices from EBV-infected humanized mice (IF6, IF7) and EBV-infected Burkitt's
lymphoma RAJI cell line were subjected to in situ staining in order to compare the
positive ratio of EBER- or EBNA1-expressing cells. Indicated percentage (%)
denotes the proportion of positively stained cells to total cells. Note that proportion of
EBER-expressing cells was smaller than that of EBNA1-expressing cells.
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Fig. S16. Infrequent pancreatic lymphoma in EBV-infected humanized mice.

Non HL
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Fig. S17. In vitro culture of splenocytes of EBV-infected humanized mice. Though
dissociated splenocytes started to grow, almost all cells stopped growing and died
following 2nd~3rd passages.
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