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we isolated and characterized spontaneously immortalized B-lymphocyte (SIBC)
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1 year). SIBCs displayed markers typical of memory B cells (CD3'CD20"CD27%)
with EBV infection. Moreover, AIDS-NHL-SIBCs were representative of CTC as
evidenced by monoclonal Ig gene rearrangement, abnormal chromosomal karyo-
type, and the formation of xenograft tumors, while HIV-SIBCs generated harbored

some features of tumor cells, none had the capacity of xenograft tumor formation,
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1 | INTRODUCTION

The morbidity and mortality of Non-Hodgkin's Lymphoma
(NHL) rank seventh and ninth among malignant tumors,
respectively. The incidence of NHL is approximately
60-100 times higher in the HIV-infected population as
compared with the general population. In our clinic at
Wuhan, China, AIDS-NHL is the most common malignant
disease among HIV-infected patients, with early onset and
rapid disease progression.3 Currently, tissue biopsy and
imaging remain the main methods used for the diagnosis
and prognosis of cancer, with liquid biopsies gaining ex-
tensive attention in the past decades. Liquid biopsies in
blood include circulating tumor cells (CTCs) and cell-free
nucleic acids (cfNAs). Compared to cfNAs, the isolation
of viable CTCs is technically more demanding. However,
whole viable tumor cells are of greater value than assays
at the nucleic level, due to CTCs available for the func-
tional analyses.*® Unfortunately, culturing/propagating
of CTCs is still challenging.7 Despite the vast literature
on CTC research, only approximately 50 publications
reported culturing CTCs. In addition, these CTCs were
mostly cultured for short periods (3-14 days),s’9 with only
a few studies successfully establishing immortalized CTC
lines.>!%!" Moreover, the rare investigations focused on
analyzing the correlation between CTC lines and clinical
manifestations. As we know, early screening is crucial for
the prevention of cancers in high-risk populations. Several
studies showed that CTCs meeting the criteria for “tumor-
cells” were detected in high-risk individuals,'*!"® which
suggested that tumor cells might already be present in the
benign inflammatory lesions. It is regrettable that these
cells were not isolated for subsequent culture, analyses,
and functional characterization.

Here, we isolated spontaneously immortalized B-lym-
phocytes (SIBCs) from the blood of HIV-infected patients
with and without NHL and then characterized their biological
features, as well as analyzed whether establishment of SIBC
lines would be a valuable indicator of clinical significance in
AIDS-NHL.

suggesting HIV-SIBC present the precursor of CTC. These results indicate that
SIBCs is associated with poor prognosis in AIDS-NHL patients and can be isolated
from HIV-infected patients with NHL and without NHL. This findings point to the
need for further molecular characterization and functional studies of SIBCs, which
may prove the value of SIBCs in the diagnosis, prognoses, and screening for NHL

among HIV-infected patients.

B-lymphocyte, HIV infection, immortalized, NHL, spontaneous

2 | MATERIALS AND METHODS

2.1 | Patients and blood collection

HIV-infected patients diagnosed with (n = 40) and without
(n = 77) AIDS-NHL between January 2015 and November
2018 in Zhongnan Hospital were enrolled in this study. The
diagnosis of lymphoma was based on WHO classification.'*
Medical records of the patients were collected, including age,
gender, diagnosis, and chemotherapy. Patients were followed
up for clinical information. For controls, 34 healthy subjects
without symptoms of recent or ongoing fever and without en-
larged lymph nodes were recruited for this study. The study
was approved by the Ethics Committee of Zhongnan Hospital
of Wuhan University. Informed consent was obtained from
all patients. All experiments were performed in accordance
with the ethical standards established in the Declaration of
Helsinki.

Blood (5-10 mL) was collected in EDTA-treated tubes.
Peripheral blood mononuclear cells (PBMC) were separated
by Ficoll-hypaque density gradient centrifugation at 800X g
for 30 minutes. Then, the mononuclear layer was collected
and washed twice in PBS then cultured in complete RPMI
1640 Medium containing fetal bovine serum (FBS). The de-
tailed procedure was described as follows.

22 |

PBMC:s isolated from patients and healthy controls were used
to establish cell lines in vitro. PBMCs were divided into two
aliquots, for the establishment of lymphoblastoid cell lines
(LCLs) and SIBCs, respectively. SIBC lines were established
by culturing 1 x 10’ PBMCs in RPMI 1640 supplemented
with 20% FBS, 1 x Glutamine, 1 X HEPES and 1 X Penicillin/
Streptomycin (Life Technologies) at 37°C in 5% CO, for the
first 3 weeks, then switched to 10% FBS RPMI 1640 for at
least 8 weeks, and the cultures were fed with a half-change of
medium weekly. LCLs were established by infecting PBMCs
(1 x 10") with EBV overnight, and EBV-transformed cells
were then cultured in 20% FBS RPMI 1640 with the presence

Establishment of SIBC lines
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of cyclosporine A at a concentration of 0.1g/ml in order to
avoid any coincidental T-cell activation in vitro within the
first 3 weeks. Cells were then fed weekly with a half-change
of 10% FBS medium without cyclosporine A. The EBV for
LCL transformation was prepared and stocked as a culture
supernatant of an EBV-producing marmoset cell line, B95-8.
Using microscopy, all cultures were observed weekly for
cell growth. Once growth began, cell numbers gradually in-
creased until some of the cells could be frozen in liquid nitro-
gen and some of the cells could be used for this study. Cells
were then passaged once weekly and maintained for at least
6 months.

23 |

Phenotype analysis was performed by flow cytometry and
Immunofluorescence. Using a panel of anti-human antibod-
ies used for the clinical pathological diagnosis (Table S1),
phenotype analysis for SIBCs and LCLs was carried out as
described.'>'® Cells were first washed with PBS and then
stained with different anti-human monoclonal antibodies
or isotype control antibodies for 30 minutes. The isotype
control antibodies (BD Biosciences) used in this study in-
cludes PE-Cy™7 Mouse IgG1 k Isotype Control (Clone
MOPC-21, cat.557872), APC Mouse IgG1 « Isotype Control
(Clone MOPC-21, cat.554681), and APC-H7 Mouse IgG2b,
k Isotype Control (Clone 27-35, cat.560183). Ten thousand
events were collected on a FACSCanto flow cytometer (BD),
and FACS analyses were performed using FlowJo software
(v7.6.1; TreeStar). As for Immunofluorescence labeling for
SIBCs, cells were fixed with 4% polyformaldehyde in PBS
and then permeabilized with PBS containing 0.5% Triton
X-100 for 20 minutes at room temperature. After washing
with PBS and blocking with goat serum, cells were generally
incubated at 4°C overnight with primary antibodies from dif-
ferent species (mouse or rabbit) and followed by Cy3-labeled
goat anti-mouse (red). The cell nuclei were stained with
4',6-diamidino-2-phenylindole (DAPI) for 5 minutes in the
dark and visualized by a fluorescence microscope (Olympus
BX53 Microscope). Omission of the primary antibody served
as a negative control.

Phenotype analysis

2.4 | Molecular B-cell clonality assessment

Detection of immunoglobulin heavy chain (IGH) and light
chain (kappa, IGK; IG lambda, IGL) gene rearrangements
was performed using the standardized BIOMED-2 multiplex
PCR assays according to the manufacturer's protocols (Gene
Scan: Lymphoma Gene Rearrangements Assay, Yuanqi
Biomedical). Genomic DNA (200 ng) was amplified using
AmpliTaq Gold DNA Polymerase. PCR conditions involved
an initial denaturation step of 95°C for 7 minutes followed
by 40 cycles of 95°C for 45 s, 60°C for 45 s, 72°C for 90 s,
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and a final step of 72°C for 10 minutes. The quality of iso-
lated DNA was assessed. Amplified PCR products were
analyzed for size distribution on an ABI 3500 DxGenetic
Analyzer (Applied Biosystems) according to standard proce-
dures. Analysis and interpretation of the amplified gene prod-
ucts were performed using Gene mapper software (Applied
Biosystems).

2.5 |

The SIBC cell suspension was placed in 25 cm? culture flasks
(Corning) for Cytogenetic examination. 5 pg/mL colcemid
(Gibco-Life Technology) was added into the SIBCs suspen-
sion for 2 hours to arrest cell mitosis. Cells were treated with
0.075 mol/L KCI and then fixated with 3:1 methanol:glacial
acetic acid (Sinopharm Chemical Reagent). Cell solution
was dropped onto a slide glass and air-dried. Then, cells were
treated with 0.005% trypsin for 7 minutes and stained with
6% Giemsa stain solution for 3.5 minutes. The results were
processed with Applied Spectral Imaging. The number of
chromosomes was analyzed in 30~50 cells, and a detailed
karyotype was analyzed in 10~11 cells. The definitions were
followed the International System for Human Cytogenetic
Nomenclature (ISCN) 2013.

G-banding karyotype analysis

2.6 |

The animal use protocol was approved by the Institutional
Animal Care and Use Committee (IACUC) of Wuhan
University.  Six-week-old male NOD-SCID  mice
(Weitonglihua) were allowed to acclimatize for 1 week under
specific pathogen-free (SPF) conditions in the animal facility
of the Center for Animal Experiment. Mice were used in eight
groups of three to five mice each and anesthetized with 2,2,2-
tribromoethanol, then 5~10 X 10° (5 000 000~10 000 000)
cells in 100 ul of PBS were subcutaneously injected into mice
at the thigh (right and left) or right shoulder. Tumors were
monitored twice-weekly for tumor onset. The tumor volume
was calculated according to the formula (length x width?)/2.
Mice with tumors greater or equal to 500 mm® were sacri-
ficed, and the tumor was sectioned and stained for their his-
tological analysis.

Mouse xenograft assays

2.7 | Immunohistochemistry
analysis of xenograft

The subcutaneous xenografts formed in NOD-SCID mice
were cut in 4-um sections and analyzed with the follow-
ing primary antibodies (Table S1). Immunohistochemistry
was carried out as described.'! Briefly, sections were
deparaffinized and rehydrated before heat-mediated epitope
retrieval was performed. Endogenous peroxidase activity
was quenched by 10-minute incubation in 3% hydrogen
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peroxide. After incubation with blocking solution consist-
ing of PBS containing 2% bovine serum albumin (BSA) for
30 minute, sections were incubated with primary antibodies
(CD20, CDs5, CD10, BCL-2, BCL-6, Mum-1, c-Myc, Cyclin
D1, and Ki67) for 1 hour. Biotinylated secondary antibody
was then incubated for 20 minutes, followed by streptavi-
din-horseradish peroxidase (HRP) for 10 minutes at room
temperature and visualized by 3,3-diaminobenzidine (DAB),
resulting in a brown-colored precipitate at the antigen site.

2.8 | Measurement of EBV viral load

Genomic DNA was isolated from cells using the QIAamp
DNA mini kit (QiagenInc) according to the manufac-
turer's instructions. DNA was diluted with 50 pL nucle-
ase-free water (Life Technologies) and DNA concentration
was calculated. Quantitative PCR assay was performed
using a real-time PCR assay with Bio-Rad MyIQTM 2.
Concentrations of EBV DNA were measured using prim-
ers flanking the BamHI-W region of the EBV genome.
The sequence of the forward and reverse primers of the
BamHI W region was 5'-CCCAACACTCCACCACACC-3’
and 5'-TCTTAGGAGCTGTCCGAGGG-3’, respectively.
A dual-labeled TagMan probe (5'-FAM-CACACACTACA
CACACCCACCCGTCTC-BHQ-1-3") served as a probe. The
Namalwa (ATCC® CRL-1432TM) DNA was used to create a
six-point 10-fold serial dilution series, ranging from 10° cop-
ies/pL to 10! copies/pL, that was used to obtain the standard
curve.

2.9 | Phylogenetic analysis of full-
length LMP1

The full-length LMP1 gene was amplified with nest-PCR.
The first round of PCR was completed by using the follow-
ing primers: LMP1-F1 (B95-8 coordinate 168012-168032;
5'-TAGAATATGAATGTGGCTTTT-3’) and LMPI1-RI
(B95-8 coordinate 169716-169737; 5'-CAAACACACGC
TTTCTACTTCC-3’). The second round of PCR was performed
with 1 pL of template from the first round reaction and the follow-
ing primers: LMP1-F2 (B95-8 coordinate 168057-168077, 5'-
AGGGAGTGTGTGCCAGTTAAG-3") and LMP1-R2 (B95-8
coordinate 169584-169603; 5'-ACACTCGCACAGCCCAC
ACC-3"). The PCR reaction was set up in a reaction volume
of 50 pl using Primer STAR GC polymerase (TaKaRa), and
then reactions were carried out in a GeneAmp PCR sys-
tem (Applied Biosystems). PCR product length was ap-
proximately 1500 KB. Primers LMP1-F2, LMPI1-R2 and
LMP1-S3  (5'-GGAGGGAGTCATCGTGGTGGT-3") were
used for sequencing.

Full-length LMP1 DNA sequences were aligned using
the CLUSTAL W multiple alignment, using LMP1 from the
following five known strains as references: B95-8 Prototype

(accession no. V01555.1), Raji (accession no. NC_007605),
AG876 (accession no. DQ279927.1), Alaskan (accession
no. AY337725.1), Chinal (accession no. AY337723.1), and
China2 (accession no. AY337724.1). Neighbor-joining phy-
logenetic trees were generated by MEGA version 5.0.

2.10 | Statistical analysis

Clinical and laboratory data of patients in AIDS-NHL group,
HIV+ group and control group were compared. Comparisons
were carried out using t test using version 6.0 of Prism
(Graph-Pad Software). All statistical tests were used in the
two-sided variant, and P values less than .05 were considered
statistically significant.

3 | RESULTS

3.1 | Patient characteristics

During the period 2015-2018, a total number of 40 AIDS-NHL
cases and 77 HIV-infected cases (HIV+) without clinical indi-
cations of NHL were enrolled in this study. Thirty-four healthy
cases were included as a control group. Table 1 summarizes
the characteristics of the AIDS-NHL and HIV+ patients. Male
patients accounted for a higher proportion in both groups, rep-
resenting 85% (34/40) of the AIDS-NHL and 78% (60/77) of
the HIV+ patients. At the initial time of sampling, patients in
the AIDS-NHL group had higher HIV-RNA plasma viral load
than the HIV+ group (P = .07). Among the 40 AIDS-NHL pa-
tients, the two most common types of lymphomas are DLBCL
(45%) and BL with/without ALL (28%), which together ac-
counted for 73% of all cases. The most common extranodal
site of AIDS-NHL is the gastrointestinal tract, followed by the
central nervous system and liver. Most patients were chemo-
therapy-naive at the time of enrollment, with chemotherapy
initiated as soon as the diagnosis of AIDS-NHL was made.
Excluding patients who were lost to follow-up, less than 1-
year follow-up, or died from disease-unrelated causes (eg, sui-
cide), 35 AIDS-NHL and 58 HIV-infected patients were reached
for follow-up assessment of their clinical information (Table 1).
The patients were divided into two groups of survival time <1
or >1 year. The results showed that survival time <1 year was
significantly higher in the AIDS-NHL (55%) than the HIV+
group (5%, P < .0001), with a median survival time of 164 days
for the AIDS-NHL patients (1~363 days). Thirteen patients
with >1 year survival time were currently still alive except one.

3.2 | Establishment of SIBCs and LCLs

Lymphoblastoid cell lines (LCLs) were generated with the
classical protocol for establishing LCLs."” The cell morphol-
ogy of the LCLs presented a rapid growth and formation of
cell clumps in suspension observed after 1-2 weeks of culture.
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:a‘; EHI;E 1 Patient characteristic at Characteristic AIDS-NHL HIV+ P-values®
Overall 40 77
Age, median (range) 46 (14-66) 42 (5-64) 5
<20 1 (2%) 2 (3%)
20-39 11 (28%) 25 (32%)
40-59 24 (60%) 47 (61%)
60 and above 4 (10%) 3 (4%)
Gender
Female 6 (15%) 17 (22%)
Male 34 (85%) 60 (78%) 3
CD4" count (cells/uL), median (range)® 251 (4-591) 301 (9-1444) 1
<150 9 (23%) 22 (28%)
150-350 13 (32%) 14 (18%)
350-750 15 (38%) 32 (42%)
>750 0 (0%) 3 (4%)
Unknown 3 6
Plasma HIV RNA (copies/mL), median 142,000 55 000 .07
(range)” (0-2,160,000) (0-890 000)
Undetectable 19 (48%) 41 (53%)
Detectable 18 (45%) 30 (39%)
Unknown 3 6
CART®
Naive 21 (52%) 27 (35%) .08
NRTI + NNRTI 19 (48%) 50 (65%)
B-Cell NHL histotype None
DLBCL 18 (45%)
BL w/wo ALL 11 (28%)
B lymphoma 9 (23%)
FL 1 2%)
CD 1 2%)
Tumor site None
Nodal 12 (30%)
Extranodal 11 (28%)
Nodal + Extranodal 17 (42%)
Survival time
<ly 22 (55%) 4(5%) <.0001°¢
>ly 13 (32%) 54 (70%)
Exclude 5 19

Abbreviations: ALL, acute lymphoblastic leukemia; B lymphoma, Unclassified B-NHL; BL, Burkitt lymphoma;
cART, combination antiretroviral therapy; CD, castleman’s disease; DLBCL, diffuse large B-cell lymphoma;
Exclude, excluding patients who were lost to follow-up, less than 1-year follow-up, or died from AIDS-unrelated
causes.; FL, follicular lymphoma; None, not any.

“The ¢ test was used in the statistical analysis of the two groups (AIDS-NHL & HIV+).

PAt the initial time of sampling.

“The value was significantly different.

PBMC:s from patients and healthy individuals were cultured to
generate SIBC lines in vitro. Fourteen AIDS-NHL-SIBC lines
(35%) were generated from the 40 AIDS-NHL patients, in

which two are “sister” lines (SIBC14, 20) derived from patient
(ZNAO003) before and during chemotherapy. In comparison,
only 8 HIV-SIBC lines were generated from 77 HIV-infected
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TABLE 2 Cinical timepoint of SIBC culture
Clinical Patients Clinical
diagnosis cases, N SIBC, N (%)* characteristic Cases, N SIBC, N (%)* P-values
AIDS-NHL 40 14 (35%)° Clinical stage I-II 15 6 (40) 0.5
1I-IV 25 8(32)
B symptoms Yes 17 7(41) 0.4
No 23 7 (30)
IPI 0-1 5 2 (40)
2-3 21 9(43) 0.2
4-5 14 3(21)
Tumor site Nodal 12 4 (33) 0.5
Extranodal w/ 28 10 (36)
wo Nodal
Plasma LDH level Normal 16 5(1) 0.6
High 24 9 (38)
Survival time® <ly 22 12 (54) 0.003¢
>ly 13 2 (15)
HIV+ 77 8 (10%)° Survival time* <ly 4 1(25) 0.5
>ly 54 7 (13)
Healthy 34 0 32 0
Total 151 22

*The number (percentage) of established SIBC lines.

®The value between AIDS-NHL and HIV+ groups was significantly different, P = .001.
“Excluding patients who were lost to follow-up, less than 1-year follow-up, or died from AIDS-unrelated causes.

The value between <1 y and >1 y groups was significantly different.

patients, with none established from the 34 healthy controls
(Table 2). SIBC lines usually started to grow after 3-7 weeks
in culture (mean of 4.5 weeks). Similar to LCLs, SIBCs ini-
tially formed several small round shape clumps in suspension
which then expanded to larger numbers within approximately
10 weeks (Figure 1). Once established, SIBC lines could be
sustained in vitro for 6~24 months. By analyzing various clini-
cal factors, we found only the survival time of AIDS-NHL pa-
tients was associated with SIBC line generation. SIBC lines
were derived from 12 (~50%) of the 22 AIDS-NHL patients
with survival time <1 year as compared to only 2 (~15%) from
the 13 patients with >1 year survival time (P = .003).

3.3 | Cell origin and Immunophenotype of
SIBC cells

The origin and immunophenotype of the SIBCs were ana-
lyzed using B-cell surface markers. High expression of
CD19 or CD20 was observed on >95% of the cells. CD19*/
CD20"CD27* memory B cells predominated in all SIBC
lines, accounting for ~90% (Table S2). Only two SIBC lines
(AIDS-NHL-SIBC309 and HIV-SIBC450) have a lower pro-
portion of CD197/CD20*CD27* memory B cells, accounting
for ~48% in SIBC309 and ~77% in SIBC450 (Figure 2A).

The predominance of memory B cells in the SIBC lines is
similar to that observed in the EBV-transformed LCL lines,
with 93% of the cells being CD19*/CD20*CD27".

To further characterize the SIBCs, staining with a panel of
antibodies used for the clinical pathological diagnosis of lym-
phoma tissue was performed. Results are presented in Figure
2B, showing a high degree of similarity in the immunophe-
notype of AIDS-NHL-SIBCs and HIV-SIBCs. Both SIBC
lines strongly expressed CD20 and BCL-2 but negatively for
CDS5 and CD10. Ki67 also stained strongly in the majority of
SIBCs, while differences in expression of Mum-1 and Cyclin
D1 protein were noted among the SIBC lines.

34 |

In order to demonstrate that SIBCs are the malignant B-lym-
phocytes, an IGH, IGK, and IGL gene rearrangement assay was
performed on 12 SIBC lines, including seven AIDS-NHL-SIBC
and five HIV-SIBC lines. All AIDS-NHL-SIBCs showed mon-
oclonal rearrangements of the Ig gene (IGH and/or IGL), indica-
tive of the malignant origin of SIBCs (Figure 3; Table S3). IGH/
IGK expression was the most frequent pattern detected in AIDS-
NHL-SIBCs, except SIBC14 and 20 which presented IGH rear-
rangement with dual expression of IGK and IGL light chain.

Ig gene rearrangements of SIBC cells
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SIBC20 SIBC59

SIBC245 LCL3

Representative images of ex vivo expansion of SIBC lines. SIBC14, 20, and 59 were generated from AIDS-NHL patients,

in which a pairs of SIBC lines (SIBC14 and SIBC20) were established from blood samples drawn at the period of prechemotherapy and
interval chemotherapy in patient ZNAO03; SIBC178 and 245 were derived from HIV+ patients; LCL3 was established by EBV (B95-8 strain)
transformation of PBMCs from a health individual. Scale bar: 100 pm

FIGURE 2 Representative
flow cytometric analysis and

immunofluorescence staining of SIBC lines.

A, Phenotype analysis of B-lymphocytes
of SIBC lines by flow cytometry with
anti-CD3, anti-CD19, anti-CD20, and
anti-CD27 antibodies. Immunophenotypes
of cell lines were determined as negative
for CD3 and positive for CD20 and CD27.
CD20"CD27" memory B cells were a
predominant population in all SIBC lines.
Number indicates percentage of cells in the
marked gates. B, AIDS-NHL-SIBC and
HIV-SIBC lines were strongly positive for
CD20, BCL-2, and Ki67 (shown in red),
while the expression of Mum-1 and Cyclin
D1 protein was different among SIBC cells.
The yellow arrow indicates representative
positive expression. Scale bar: 20 pm

In contrast, five of the seven HIV-SIBC lines character-
ized (178, 245, 250, 251, and 301) showed diverse and com-
plex rearrangements of the Ig gene, including monoclonal

AIDS-NHL-SIBC HIV-SIBC
A i ) 14 309 437 178 450 _

Y

=i e) = ellm| 8]l

SSC-A
0
CD27
[e)
I
© i

CD20 CD20

AIDS-NHL-SIBC
165

B _— [E— HIV-SIBC
14 20 309 437 444 178 245 450

Cyclin D1

rearrangement, oligoclonal rearrangement (OC), monoclonal
rearrangement in the background of polyclonal rearrangement
(Clonal+PCB), and multiple products (MP). HIV-SIBCs 245
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FIGURE 3 Representative molecular B-cell clonality assessment of SIBC lines by Ig gene rearrangements. Monoclonal rearrangement

identified by unequivocal monoallelic or biallelic clonal gene rearrangement peak(s) were detected in all AIDS-SIBCs and HIV-SIBC245

(indicated by arrows). Polyclonal arrangement identified by oligoclonality (OC), multiple products (MP) or clonal in polyclonal background
(Clonal+pcb) were detected in HIV-SIBC lines. IGH, Ig heavy chain; IGK, Ig kappa light chain; IGL, Ig lambda light chain

and 251 showed monoclonal rearrangements, SIBCs 250 and
301 exhibited monoclonal and oligoclonal rearrangements,
while all four patterns of Ig gene rearrangements were de-
tected in SIBC178. Similar to AIDS-NHL-SIBC14 and 20,
three HIV-SIBCs (178, 245, and 250) have the dual presence
of IGK and IGL light chain (Figure 3; Table S3).

35 |

To examine the chromosomal characteristics of SIBCs, 30~50
metaphase SIBCs were counted for chromosome numbers
and 10~11 were analyzed for chromosome structure (Table
3). Most SIBCs presented more or less aneuploidy (2n+m)
and tetraploid/near tetraploidy (T/NT, 4n+m, 81~103 chro-
mosomes), with four SIBCs (165, 437, 444, and 245) show-
ing higher frequencies of aneuploidy or T/NT. SIBC165 had
marked aneuploid with trisomy 7 (47, XX, +7) that accounted
for 80% (24/30), while 37% (11/30) of SIBC444 presented a
45, XY karyotype due to random loss of one chromosome.
Thirty-three percent (18/54) of SIBC437 and 20% (6/30) of
SIBC245 were characterized with the T/NT karyotype (86-92,
XX or XY).

Moreover, structural abnormalities including terminal dele-
tion, insertion, translocation, and chromatid gap were detected

Chromosomal karyotype of SIBC cells

in the majority of SIBCs, with only SIBC165 and SIBC448
exhibited clonal chromosomal structural abnormalities. Ninety
percent of SIBC165 and SIBC448, which were derived from
patients ZNAOOS and ZNAO28 respectively with BL harbored
the translocation t(8;14)(q24;q32), which is a characteristic
marker for Burkitt's lymphoma (Figure 4; Table 3). Also, 100%
of SIBC165 carried a duplication on 1q25-q42 chromosome
dup(1)(q25-g42). The results suggested that chromosomal ab-
normalities existed in the majority of SIBC lines derived from
both AIDS-NHL and HIV+ patients, with more severe abnor-
malities detected in AIDS-NHL-SIBC lines.

3.6 | Growth of SIBC cells as xenografts in
NOD-SCID mice

To further characterize the tumorigenicity of SIBCs,
five AIDS-NHL-SIBCs and three HIV-SIBCs were sub-
cutaneously inoculated into NOD-SCID mice. All five
AIDS-NHL-SIBCs (14, 20, 165, 309, and 437) gener-
ated tumors but not the three HIV-SIBCs (250, 245, and
178). AIDS-NHL-SIBC derived xenografts (M14, M20,
M165, M309, and M437) shared similar but not identi-
cal immunohistochemical features with the correspond-
ing SIBC cells (Figure 5; Table S4). The staining of the



~WILEY——22

Ope

"JUOJ p[oq ur payySIYSIY 21oM SANI[RULIOU]E [RINJONI)S [EUO[D PUE SINI[EULIOU]E SIOQUINU SWOSOWOIYD Jo Aouanbaiy 1oySty
"QWOSOWOIYD JO SIIQUINU 2)NJOSqE ) 0) JJaI [XX] s1oyorIq renbs ur sroquinN

"pazATeUR SEM SIWOSOWOIYD JO JOqUINU Y], (N

‘projdens) resu/pro[dena) :wFuy/uy

‘projdenojodAy 1o projdinradAy/projdn :wFug/ug

‘Kprojdnaue/profdip :wFug/ug

ICIne

Cancer Med

ZHUANG ET AL.

[11sy ‘(114
[6]1XX9t/[11L1-[1](9TbiSTb)(S T I 9P-6F 01 (1198 0 ‘lcer ‘1lev/lvelor o 0St 8909INZ
[9]AX 9t/ I+ w+[T1X-[1]A- “[11(c1b)(Dep [1]cz-“[1]61-[11(11d) [1]66 ‘[11€6 (118t ‘[cIst
(LDPP THET-T11T1-[11(gh)(€)33wd ‘[11(1€b) (@)W [11(Zeb) (D AX8y-S+ 01 “[1106 ‘[]S8 (tliz  “lilyy ‘[elep/I81lor o€ 0S¢ €0INZ
[81xX‘9t/(1] [1los ‘[1]Ly
(1)@ [1](cebiczd) (1) [clzi-[1](12d)(8)3o [11(2zb) ()3 AX 9%~ 01 [1188/[S1T6 [1loo ‘[elsy ‘[elew/IsTior — Of She 6£049NZ
[SIAX9t/[TIA-[110z-[11Z1-[1]8-"AX‘9t-€+ 01 [1]68 0 ‘lilsy ‘[1lew/lLzlor o€ 8LI QUON  L00INZ +AIH
[T1Ly “[eIsy ‘[Tl euoydwA|
[LIAxop/I1ze-“(1lte-“[1]ot-[1lsT-[tlcT-[1lzT-[1l6- (118~ (11T L~ AX'9-1+ 01 0 0 ‘lcley ilw/leelor o€ St d 1E0VNZ
[11Ly
[011XX ‘9p/l1161— ‘[T IDO DU [61(2eP D) FL8N ‘AX ‘9F-+ 11 [1l16/[1]26 0 ‘lelsy ‘[clew/leelor  o¢ 8t 1d  8T0VNZ
[11Ly “[11lsy
[PIAX9p/11(TTdiszd) (9 OV [TI8T-[1IT1-[118-[1]c1-[1]ze-[1]61-AX‘9Ov-v¥ 01  [1lo6/(clce 0 ‘lelvy Lilivdeilor o€ v 14 LTOVNZ
[91XX ‘ot /L1161 ‘[116— T (Ips Jo)wapt ‘XX ‘16 /L1]1(11d)(81)PPE ‘[1]1(TTh) [¥116 ‘[]68
(D3 “[1ler-Trle1— [1I(€1b) D3 [118— ‘[118+ (119D XX ‘Ly-¢+ 01 ‘[1198/[11]T6 [119L (1109 [2lev/leelor  ¥S LEy  T1091d $TOVNZ
(6] AX 9P/ TTTN+ [ TTTIN+ [ TTIN+ 1]
(bzoyrlzlze- 111 @oppe 11(Hzb) (L Dep [11(zeb) (€ DIsp [11(Z1b) (€ DS 1]
F1D)(1 D3 [11(12b) (0 D3 (11 1d(ODIP [ 11(1 1biyeb) (T 6 [11(£2b)
()30 “[11(1zd) (o [11(g1d:ezb) (TN [11(S TP [11(1€b)(S)ep‘[1]
(b)) (116~ [11(cT1d 1€b)(LT:o (211 b r TSP [11(LTh)(#)Fmoe[ 1]
(LZD)OPP [11(gzbiszb) (S )P 11 D)) [11(1 TN AX 9-SF 01 (1116 0 [1ly[clsv/liclor  s¢ 60¢ 19 €I0VNZ
[1IXX ‘op/[11X- “[11L1— ‘[11(2eb)(F1)pPel6] (2ebipTh)(F1:8)1 [vTlLy
‘[rlzi-T1lced)(@amp [118— ‘[61L+T11y— ‘[o1l(Tyb-sgb)(Ddnp XX ‘Lt-¢¥ 01 (116 0 C“l1lyy ‘[edewiclor  o¢ S91  TIV/Id  SOOVNZ
[O1IAX9F 01 [zloe 0 [ozlor 8T 0C 1O19d  €00VNZ
6] AX 9t/ [11(1ZD)Y(1 D30 “[116-[ 118~ (11 ZDHEOPP AX 9+ 01  [€]06 ‘[2]68 0 [1lpp/l9zlor € 4 1079d €00VNZ  THN-SAIV
adfjofaeyy N W Fup/up W F ug/ug wFuguz N SOMIS  THNJO driuwpeq  sisouseiq
SIsougeIp
SAWIOSOWOYD JO [BINJINIIS SAWIOSOWOIYD JO JIqUINN [earur)

sour] DS JO suoneuruex onauasSolko o synsay € A TAV L



ZHUANG ET AL.

ﬂI—WI LEY—Cancer Medicine

EED

SIBC437 SIBC165
SU8C QL e IRERTIT I RIRT TRL
:Ut ARY BERE TIBE Biks u”:: ARANEY M@)ﬂﬂ BE k8 %9 8%
asoa »aﬂ stpe ¥ 3 ”A" nﬁs H;MX | ‘:* ;5 aua
= ;:1 “5355" T
z SIBC444. | SIBC448 ‘SIBC30;) "
= Hack e MO e YO i
AR R S IR R L RS IR IR IR I IR Y
ba Ak B4 " $5 33 tél 'k’; | ‘OH ;s Il-i .6, i ,s, | xmt ’”“R ;‘
eibk ll; hon Q—) m‘ nl‘ m .: 'l“l ”IC ae i .r “ .: 3: ll‘ Ll wl '” m
SIBC245 SIBC256 | | SIBC450
IRTN1 TRTUIN AT INTUARIRL 181
> BBk TIRIRIRIRYIIRY “ AR nfa 568 (3 33» ART a”« b
Y T T R R TR U NIRRT
0% B b Ju  |pras saww Gm  |mar spur fx

FIGURE 4 Representative results of G-banded karyotype of SIBC lines. Various structural and/or numerical aberrations were detected

in both AIDS-NHL-SIBC and HIV-SIBC lines. SIBC437 presented a tetraploid karyotype; SIBC165 showed marked aneuploid with trisomy

7 (47,XX,+7), as well as dup(1)(q25-q42) and t(8;14)(q24;q32); SIBC444 had random loss of chromosome 22, resulting in 45,XY aneuploid;
SIBC448 also harbored a clonal abnormality t(8;14)(q24;q32); the cytogenetic diagnosis of SIBC309 was 46,XY,del(3)(q27),chtg(4)(q27),t(4;8)
(pl4;q21),chtg(5)(ql1).del(17) (q24); SIBC245 exhibited chtg(8)(p21) and t(8;21)(p23;q22); SIBC250 mainly showed the aberration of chtg, with
chtg(1)(q32),chtg(2)(q31),chtg(5)(q21); and SIBC450 had a t(1;15)(q25;q26). Chtg, chromatidgap; del, deletion; dup, duplication; t, translocation;
Arrowheads indicate the structural abnormality; red-dotted circle show the add or loss of chromosome

xenografts showed intense CD20 expression in all xeno-
grafts tissue, with the expression rate exceeded 95% in
each samples, but negative for CD5 staining. With the
exception of M20, all tumors expressed high levels of
BCL-2 and Ki67 proteins (>80%), with varying expres-
sion levels of MUM-1, c-Myc, and Cyclin D1 observed
in different xenografts. Although xenograft M14 and
M20 were extracted from the mice inoculated with the
pair of "sister" cells SIBC14 and SIBC20, respectively,
the expression levels of positive staining in M20 is sig-
nificantly lower than M14. The results demonstrated
AIDS-NHL-SIBCs but not HIV-SIBCs have the capac-
ity of tumor formation.

3.7 | EBV DNA level and phylogenetic
analysis of the LMP1 DNA sequences

The overall EBV-DNA levels detected in the plasma of
AIDS-NHL patients was higher than that in the HIV+
patient group (median, 1.8 X 10* and 8.1 x 10° copies/
mL, P = 4), and was undetectable in healthy individuals
(Figure 6A). In addition, all SIBCs had a EBV-DNA level
comparable to B95-8 and LCLs, with the median level of
3.0 x 10° copies/500 ng DNA (1.8 x 10°~9.7 x 107), but
there was no significant difference in EBV-DNA levels
between HIV-SIBC and AIDS-NHL-SIBC lines (Figure
6A). A neighbor-joining phylogenetic tree was constructed
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FIGURE 5 Tumorigenicity of SIBCs
in NOD-SCID mice. (upper panels) the
formation of tumor xenografts (blue arrows)
could be observed in NOD-SCID mouse
after implantation of 5 ~ 10 x 10° cultured
AIDS-NHL-SIBCs subcutaneously. (lower
panels) the Immunohistochemical analysis
of matched SIBC-derived mouse xenografts
showed cellular staining with hematoxylin
(blue) and immunohistochemical staining
for positive expression (brown). Scale bar,
20 mm
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with LMP1 sequences of SIBCs, LCLs and references.
Phylogenetic analyses showed that LMP1 sequences from
LCLs clustering in a lineage were highly similar and
closely related to the reference B95-8 and Raji strains. In
contrast, the majority of SIBCs appeared to cluster with
the China 1 strain but not the China 2 strain, which were
both isolated from the tumor tissue of a Chinese patient

with nasopharyngeal carcinoma (Figure 6B), while two
SIBCs (301 and 455) clustered with AG876 strains derived
from Ghanaian Burkitt's lymphoma. EBV-DNA levels and
EBV-LMPI sequence analysis showed EBV infection is a
common event in HIV-infected patients and significant ho-
mologies with EBV from SIBC lines and tumor tissue of
Chinese patients.
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phylogenetic tree of the LMP1 sequences from SIBC and LCL lines. A neighbor-joining tree of the LMP1 gene is shown, with bootstrap values of
70% indicated at the appropriate nodes. Genetic distances representing the number of nucleotide substitutions per site between LMP1 sequences

(0.005) are indicated at the bottom of each tree

38 |

The nucleotide sequence data of LMP1 from 16 repre-
sentative SIBCs reported in the present paper are avail-
able in the GenBank database under accession numbers
MK637833-MK637848.

Nucleotide sequence accession numbers

4 | DISCUSSION

It is still challenging to establish CTC lines from patients
with tumor even with overt distant metastases. This study
provides, for the first time, the experimental proof that
SIBC lines can not only be isolated from AIDS-NHL pa-
tients (32.5%) but also from HIV+ individuals without clini-
cally detectable NHL (10%). Moreover, we observed the
association between the cell line establishment and clinical
prognosis is highly significant. Of the 14 SIBC lines gen-
erated from AIDS-NHL patients, 12 were derived from 11
refractory NHL patients with survival time <1 year (median

268 days, range 39-363 days). In this regard, CTCs detected
in the blood of patients with metastatic cancer'>'” have been
reported to be predictors of therapeutic responsezo'22 and pa-
tient prognosis.18’23’24 Survival of CTCs requires the ability
to overcome mechanical shear forces present in the blood-
stream and attacks by intrinsic immunological responses.25
It is tempting to speculate that some amount of malignant
lymphocytes already existed in circulation in AIDS-NHL pa-
tients with poor prognoses, but few or not in patients with
relatively good prognoses. Nonetheless, we failed to estab-
lish SIBC lines from another half of AIDS-NHL patients with
survival time <1 year. We found the median survival time in
SIBC-negative patients with survival time <1 year was 106
(2-294) days, which was shorter than SIBC-positive patient's
268 (39-363) days, suggesting that it is much more difficult
to generate SIBCs in near-terminal stage patients. More stud-
ies urges comprehensive approach are needed to elucidate the
reason.

Our findings supported AIDS-NHL-SIBCs are CTCs
with several malignant B-lymphocyte features, including


info:ddbj-embl-genbank/MK637833
info:ddbj-embl-genbank/MK637848
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monoclonal Ig gene rearrangement, Chromosome abnor-
mality and xenografts. Monoclonal Ig gene rearrangement
of AIDS-NHL-SIBCs mainly involved the IGH and/or IGK
gene. Interestingly, the “sister” cell lines SIBC14/SIBC20
presented dual IGK/LGL light-chain rearrangements, with
reported in a few cases of B-cell lcsukemia/lymphomas.26’27
Moreover, we found the postchemotherapy-derived SIBC20
showed increased IGK rearrangement compared with preche-
motherapy-derived SIBC14, consistent with reports that Ig
gene rearrangements might change during chemotherapy.z&29
Most AIDS-NHL-SIBCs exhibited numerical and structural
chromosomal abnormalities, with high frequencies of an-
euploidy or T/NT detected in AIDS-NHL-SIBC165, 437,
and 444, and with the t(8;14)(q24;q32) translocation found
in 80%-90% of Burkitt's lymphoma cases being present in
90% of AIDS-NHL-SIBC165 and 448. One hundred percent
SIBC165 carried duplications on 1q25-q42 chromosome that
were common genetic changes in acute leukemia and lym-
phoma. It is well documented that aneuploidy is present in
approximately 86% of solid tumors and 72% of hematopoi-
etic cancers,”>! and often reflects chromosomal instability
(CIN) characterized by an increase in the rate of gain or loss
of fragments or entire chromosomes. CIN and aneuploidy
cause phenotypic variation and increase tumor heterogeneity,
which is a reliable marker of high malignancy, poor progno-
sis, and drug resistance.>>>* However, “sister” lines SIBC14/
SIBC20 showed less or no aberrations. We speculated the
conventional G-banding karyotype analysis did not effec-
tively identify complex or subtle chromosomal abnormal-
ities.>>*® Further analysis, such as whole-genome profiling
may be required to reveal additional abnormal changes re-
lated to tumorigenesis. Lastly, we proved the tumor formation
capacity of AIDS-NHL-SIBCs in mice. These data demon-
strate that AIDS-NHL-SIBCs belong to CTCs.

HIV infection is a risk factor for NHL. Unexpectedly, we
got SIBCs in 10% (8/77) of HIV+ patients. HIV-SIBCs ex-
hibited immunophenotypic characteristics similar to those
of AIDS-NHL-SIBCs, but had more complex Ig gene rear-
rangement patterns and slighter aberration of chromosome
than AIDS-NHL-SIBCs, with all HIV-SIBCs harboring
more and less aneuploidy and T/NT. It has been documented
that early premalignant stages of several tumors are featured
with increased levels of T/NT cells.*”® A study showed that
tetraploid cells accumulate in the premalignant condition of
Barrett's esophagus, which is interdependent of the loss of
the p53 tumor suppressor but precedes the appearance of an-
euploidy.39 However, HIV-SIBCs failed to form xenograft in
mice. We speculated HIV-SIBCs might be a type of tumor
precursor cells in blood of HIV-infected patients. Therefore,
our findings are consistent with others in detecting CTCs
among patients at high risk for cancer.'>'* More importantly,
we successfully obtained viable HIV-SIBCs and performed
detailed phenotypic and functional assays. A long-term
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follow-up on SIBC-positive HIV+ patients are required to
monitor the development of complications. Moreover, a deep
genomic and molecular biology research on SIBC lines is re-
quired to uncover accurate and general biomarkers.

All SIBC lines had an obviously high level of cellular
EBV DNA, suggesting that the EBV infection and activa-
tion might contribute to the formation of immortalized B
cells. EBV usually establishes lifelong latent infection in the
memory B cell pool. The SIBC lines of this study presented
CD19*/CD20*CD27" memory B cells as a main population,
while two AIDS-NHL-SIBC309 and HIV-SIBC450 harbored
a subpopulation of CD19*/CD20*CD27™ naive B cells, sug-
gesting that SIBCs were derived from either a CD27" germi-
nal center (GC) or CD27" post-GC B cell.

In summary, we established and characterized SIBC lines
from HIV-infected patients with and without NHL. The ad-
vantages and significance of SIBC lines are as follows: (a)
blood samples can be obtained easily and frequently without
surgical operation; (b) SIBCs might have implications in clin-
ical prognoses; (c) SIBCs might be a potential biomarker for
NHL monitoring in high-risk population. Nevertheless, our
study had certain limitations, such as relatively small sample
size, the difficulty to establish SIBC lines in near-terminal
stage AIDS-NHL patients, lack of long-term follow-up of
NHL high-risk populations, and a longer period of ex vivo
culture to generate SIBC lines. Further in-depth studies on
SIBC lines could be of great value for illuminating the Non-
Hodgkin lymphomagenesis in HIV-infected patients and de-
veloping personalized medicine approaches.
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