Jpn. J. Cancer Res. (Gann), 79, 59-68; January, 1988

Heterogeneous Origin of Established Non-T,Non-B Cell Lines from Two Adolescent
Patients with Acute Lymphoblastic Leunkemia
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Three leukemic cell lines were established from the bone marrow cells of two adolescents with
non-T,non-B acute lymphoblastic leukemia (ALL) at relapse. Two cell lines from a 14-year-old
girl and one from an 11-year-old boy were designated as KH-3A, KH-3B and KH-4, respectively.
Leukemic cells started to grow attached to the bone marrow stromal (BMS) cells. KH-3A was
positive for OKlal and positive at low percentages for B1, Leu-1 and J5 antigens; KH-3B reacted
with OKIa1 and J5. Except for OKIal, these two cell lines showed no surface marker change after
12-O-tetradecanoylphorbol-13-acetate (TPA) treatment. On TPA treatment, clones (KH-3A-2
and KH-3A-3) isolated from KH-3A in agarose showed the induction of differentiation into T and
B cell lineage. KH-4 was positive for OKIal and positive at low percenteges for B1 and J5, and
showed a strong reaction with OKIal, B1 and J5 after TPA treatment. T cell receptor (TCR)
B-chain gene and immunoglobulin gene (Jy and C,) rearrangements were found in KH-3A, KH-
3B, and sublines isolated from KH-3 (KH-3A-2 and -3) simultaneously. These findings indicate
that BMS cells are useful for the establishment of leukemic cell lines and that some common ALL
(cALL) cell populations may be heterogeneous,
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Although the hematopoietic microenviren-
ment has been the subjects of extensive inves-
tigation aimed at long-term culture of mouse
and human normal bone marrow cells,”* sev-
eral attempts at developing long-term suspen-
sion cultures of human leukemic cells have
met with limited success. Several leukemic cell
lines, NALM-1,Y NALM-6 and 16," KM-3
and SH2,” KOPN 1-8,° Reh,” NALL-1,%
Laz-221,” HPB-Null," P30/0Ohkubo,'” and

** Present address: Department of Pediatrics,
Tokai University School of Medicine, Bohseidai,
Ischara 259-11; to whom correspondence should be
addressed.

*3 Abbreviations used: ALL, acute lymphoblastic
leukemia; TPA, 12-O-tetradecanoylphorbol-13 -
acetate; CALLA, common ALL antigen; BMS,
bone marrow stromal; TCR, T cell receptor; PAS,
periodic acid Schiff; slg and clg, surface and
cytoplasmic  immunoglobulin; TdT, terminal
deoxynucleotidyl transferase; EBNA, Epstein-Barr
virus-associated nuclear antigen; IMDM, Iscove’s
modified Dulbecco’s medium.
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HOON and HYON,'? have been reported as
non-T,non-B ALL™’ lines. They all have an
Ia-like antigen and CALLA as common char-
acteristics.”” However, the NALM-6, KOPN
1-8, HPB-Null, and Laz-221 lines are consid-
ered to be pre-B-ALL subtypes, containing
cIg.'” On the other hand, some lines could be
induced to differentiate, showing a T-cell or
B-cell surface antigen.''?

We report here the establishment and char-
acterization of three leukemic cell lines (KH-
3A, KH-3B and KH-4) by using BMS cells
derived from two adolescent patients with
non-T,non-B ALL.

MATERIALS AND METHODS

Patients Case 1. A 14-year-old girl with media-
stinal ganglioneuroma had been operated on in
1979. In 1982, she was admitted because of high
fever, petechia and hepatomegaly. A bone marrow
puncture revealed 85.1% blast cells, and ALL was
diagnosed. Combination chemotherapy, 2,400 rads
of cranial irradiation, and intrathecal injection of
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methotrexate induced complete remission. Al-
though in March, 1983, she had a relapse with 74%
blasts in the bone marrow, strong combination
chemotherapy again induced complete remission.
Two weeks later, however, 85.1% cells in the bone
marrow were blasts, and she died of sepsis 11
months after the onset of the disease.

Case 2. An ll-year-old boy complained of dizzi-
ness in August, 1982. In November, he was ad-
mitted because of slight fever, foot pain, and facial
pallor. A bone marrow puncture revealed 44.29%
blasts, and ALL was diagnosed. Although he was
treated with combination chemotherapy, it did not
induce remission and he died of leukemic cell inva-
sion to the brain, testis, and eye fundus 9 months
after the onset of the disease.

Cell Culture Cell culture was initiated from the
bone marrow samples from Case 1 at 1st (74%
blasts) and 2nd (85.19% blasts) relapses. In Case 2,
cell culture was initiated from the bone marrow
cells (73% blasts) when the leukemic cells were
bursting to grow. Bone marrow cells from both
cases were separated by Hypaque-Ficoll gradient

centrifugation. Cells were washed three times in
RPMI-1640 medium (Nissui Seiyaku Co., Ltd,,
Tokyo) and then suspended in the same medium
with 209% heat-inactivated fetal bovine serum
(GIBCOQ, NY) and 1% non-essential amino acids
(M.A. Bioproducts, MD) in Petri dishes (Falcon
No. 3002). The cells were cultured at 37° in a
humidified incubator containing 5% CO; and a
partial medium change was made twice a week.
While cell growth was dependent upon the pres-
ence of BMS cells, the autologous BMS cells,
which could be obtained in suspension by strong
pipetting, were transferred to new dishes together
with leukemic cells from the primary or the previ-
ously passaged cultures.

Cytochemical Staining Fresh leukemic cells from
both cases and the established cell lines were ex-
amined by PAS, Sudan Black B, a-naphthyl
butyrate esterase and acid phosphatase staining.
Electron Microscopy An aliquot of 2x 108 cells
centrifuged at 900g was immediately fixed in 2.5%
glutaraldehyde, then in 2% buffered osmium. After
dehydration in alcohol, the cells were embedded in

Fig. 1.

Phase-contrast microphotograph of cultured cells. A, KH-3B cells growing with fibroblast-like

adherent cells at the bottom of dishes (X 100). B, KH-4 cells growing in clusters of hundreds of cells

(X50).
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epoxy resin. Ulirathin sections were examined
under a JEOL 1200EX electron microscope after
uranyl and lead staining.

Cytogenetic Analysis Bone marrow cells cultured
for 12-24 hr were exposed to 0.01 pg/ml of col-
cemid for 2 hr, treated with 75mM KCl at 37° for
25 min and fixed with acetic acid:methanol (1:3).
From the conventionally air-dried chromosome
slides, about 30 metaphases were analyzed for
modal chromosome number, and several selected
metaphases were further analyzed by the Giemsa
banding technique.'”

Colony Formation in Soft Agar, Methylcellulose,
and Agarose Colony formation was assayed in a
soft gel system using agar,' methylcellulose,™ or
agarose™ as previously described.
Immunofluorescence Studies Spontaneous rosette
formation with sheep erythrocytes (ERFC) was
tested by the usual method, and the receptor for
complement was assayed in terms of the formation
of zymosan beads. Cell s-Ig and c-Ig were detected
by direct immunofluorescence with fluorescein-
conjugated rabbit anti-human Ig. Cells were ex-
amined for CALLA by indirect immunoflucres-
cence using the J5{CD10) mouse monoclonal anti-
body (Coulter Electronics Inc., Hialeah, FL) and
fluorescein-conjugated goat anti-mouse Ig (Coul-

No. of Cells (10=6/m|)

3 |
3 4 5 6 7
Days in Culture

Fig. 2. Growth characteristics of KH-3A, KH-
3A-2, KH-3A-3 and KH-4. Cells (5x10%) were
seeded in 5 ml of medium in 60 mm Petri dishes
and counted daily with a hemocytometer. O--- O,
KH-3A; e—e, KH-4 O©O—OC, KH-3A-2;
av-- A, KH-3A-3.
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ter). The Ia-like antigen, using OKIal (Oitho
Pharmaceuticals, Raritan, NJ}, the T-cell antigen,
using Leu-1{CD3)(Becton-Dickinson, Sunnyvale,
CA), 10.2(CD5) (New England Nuclear, Seattle,
WA) and T11 (CD2) (Coulter), and the B-cell
antigen, using B1(CD20) (Coulter), were similarly
detected by means of indirect immunofluorescence.
OKMI1(CDI11) (Ortho) was used to detect a
myeloid-macrophage antigen.

TdT was examined by indirect immunofluores-
cence, using a TdT assay kit (Bethesda Research

52 RS
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Fig. 3. May-Grunwald-Giemsa staining of KH-
3JA (A), KH-3B (B) and KEH-4 (C} (X 1,000).
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Laboratories, MD). EBNA was assayed by an
anti-complement immunofluorescence method ac-
cording to Reedman and Klein.?”

Induction of Differentiation KH-3A and KH-3B
cells (5% 10% were cultured in 5 ml of RPMI-1640
medium supplemented with 20% FBS and 107'M
TPA in 60-mm Petri dishes. For KH-4 cells,
Iscove’s modified Dulbecco’s medium (IMDM)
(Flow Laboratories, Irvine, Scotland) was used
instead of RPMI-1640 medium. Three days after
TPA treatment, the viability of cells in each treated
dish was more than 90%. At that time, 1107 cells
were washed three times with a phosphate-buffered
saline solution, and surface markers were examined
using various monoclonal antibodies.

TCR and Ig Gene Rearrangements The DNAs of
cultured cells from KH-3A, KH-3A-2, KH-3A-3,

Table I,

and KH-3B were subjected to Southern blot anal-
ysis for the detection of TCR B-chain and Ig (Jy
and C,) gene rearrangements as previously de-
scribed. ™

REsuLTS

Establishment of 3 Cultured Lines and Cell
Cloning At the beginning of culture, the
leukemic cells showed slow but definite multi-
plication, being attached to the BMS cells on
the bottom of the dishes (Fig. 1A). They
could be cultured as single cell suspensions
after two weeks or a month at the first and
second relapses of Case 1, and they were desig-
nated as KH-3A and KH-3B, respectively.
In Case 2, they were very difficult to grow

Cytochemical Staining before and after Cell Culture

Staining KH-3A"

KH-3B KH-4

method before after

before after

before after

Peroxidase
Sudan Black B
Non-specific E?
PAS

Acid phosphatase

H+ H

i
;
|
I

n
4

+
+

a) —, Negative; &, weakly positive; +, positive.

b) Esterase.

Table II.  Surface Marker Analysis of Uncloned and Cloned Leukemia Cells before and after TPA
Treatment
Patient
(time of sample E C3b s-Ig Bl OKlIal OKM1
collection)
Case 1
st relapse 0.5% 5.0 0 2.0 40.9 1.4
KH-3A 0 0 0 16.8 90.0 > 0
KH-3A after TPA? 6.3 0 0 2.0 90.0 > 2.0
KH-3A-2 0 ¢ 0 0 90.0 > 0
KH-3A-2 after TPA 0 4] 0 0 90.0> 0
KH-3A-3 t] 0 0 2.0 90.0 > 0
KH-3A-3 after TPA 0 0 0 338 90.0> 0
2nd relapse 0 0 0 0 83.5 a0
KH-3B 0 0 0 0 90.0 > 0
KH-3B after TPA 0 0 0 0 50.0>> 0
Case 2
Diagnosis 0.5 0 0 0 29.5 4.8
KH-4 0 0 0 8.4 90.0> 0]
KH-4 after TPA 0 0 0 90.0 > 90.0 > 0

a) Cells were treated with 107'M TPA for 3 days.
5) Not tested.
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without BMS cells on the bottom of the
dishes, but they grew as suspension cells after
4 months. They grew better after a medium
change from RPMI-1640 to IMDM, and were
designated as KH-4. Even after KH-3B and
KH-4 cells started to grow in suspension cul-
ture, the proliferating cells were transferred to
new dishes containing the appropriate BMS
cells where they grew for about 2 weeks and
2 months, respectively. Therefore, cells grew
without BMS cells.

The three cell lines did not form any col-
onies in soft agar even when 10° cells per dish
were seeded. When 10° cells of KH-3A were
seeded in agarose, 20 colonies were obtained
and isolated for cloning 20 days after seeding.
Five colonies grew in suspension culture and
were designated as KH-3A-1-5. When 10°
cells were seeded in 0.89% metylcellulose,
three colonies in the case of KH-3A and 44
colonies in the case of KH-3B were observed.
In KIH-4, 5x<10° cells in methylcellulose
formed 107 colenies, Five and 10 clones from
KH-3B and KH-4, respectively, were isolated,
Growth Characteristics KH-3A and KH-3B
cells grew as single-cell suspensions; on the
other hand, KH-4 cells grew in clusters of
hundreds of cells (Fig. 1B). The growth
curves are shown in Fig. 2. KH-4 cells were
seeded in IMDM and their growth was slow

in contrast with that of KH-3A. KH-3A and
KH-3B showed almost the same growth
curves, with KII-3B growing a little more
slowly (data not shown). The doubling times
of KH-3A and KH-3B were about 48 hr and
that of KH-4 was about 72 hr.

Morphological and Cytochemical Character-
istics KH-3A and KH-3B were round, medi-
um-sized lymphoid cells with large, slightly
convoluted nuclei, as observed after May-
Grunwald-Giemsa staining (Fig. 3A and 3B).
KH-4 were small lymphoid cells with spicules
and contained densely stained round nuclei
and some vacuoles in the cytoplasm (Fig. 3C).

Ultrastructural studies revealed that all
cells were immature blasts with large nuclei
and many polysomes. In KH-4, many myelin
figures were observed in the cytoplasm,

The results of cytochemical staining are
shown in Table I. Both fresh bone marrow
cells and cultured leukemic cells of KH-3A,
3B and KH-4 were positive for an acid-
phosphatase, and they were negative for other
staining for myeloid cells.

Surface Markers Cell surface receptors and
other immunological markers of the patients’
fresh bone marrow leukemic cells and the
established lines and clones are shown in
Table II. None of the cells reacted with
ERFC, C3b, c-Ig and OKMI, but all were

Leul 10.2 TI1L OKTS OKTIO I TdT c-Ig
NT® NT ¢ 21.1 64.9 19.2 20.0 NT
9.0 3.0 20 90.0 > 90.0> 22.0 0 0
2.0 2.0 1.6 80.9 30.8 6.0 10.0 0

35.6 69.3 2.0 90.0> 90.0 > 10.0 0 0

90.0> 90.0> 5.0 90.0>> 4.0 5.0 50.0 G
2.0 2.0 0 2.0 90.0 > 11.0 0 0
1.5 0 0 1.5 90.0> 1.0 0 0
NT NT 1.0 24.0 90.0> 81.7 60.0 NT
0 20 3.5 7.0 90.0> 37.5 10.0 0
0 4.0 0 90.0>> 5.0 0 0 0
1.3 NT 7.5 0.8 49.0 17.1 250 NT
0 0 NT 0 90.0 > 15.2 50.0 0
0 0 0 0 90.0> 90.0 > 10.0 ¢
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Table III. Chromosome Analysis before and after Cell Culture
! Time of sample No. of chromosomes”
Patient collec tionp 44 45 45 e Karyotype
Case | Diagnosis 8 14 11 U] 46XX; 45XX,—E
1st relapse 3 8 23 0 46XX, 45XX,—E
Culture KH-3A 6 6 13 2 46XX; 46XX, +2q;
45XX,—E; 47TXX,+ 13
KH-3A-2 0 0] 20 0 46XX, +2q; 46XX
KH-3A-3 0 0] 20 0 46XX
2nd relapse 0 3 27 0 46XX; 43XX,—E
Culture KH-3B 7 14 6 0 46XX; 45XX,—E
Case 2 Diagnosis 5 9 27 0 46XY; 45XY,—E
Culture KH-4 5 9 18 4] 46XY; 45XY,— E

a) Number of metaphases counted.

strongly positive for OKlIal. In Case 1, 19.2%
of cells were positive for J5 at first relapse,
and 81% of cells at second relapse. Since
other T and B cell markers were negative,
Case 1 was diagnosed as cALL, especially at
second relapse. After the establishment of cul-
tured lines, KH-3A cells were positive at low
percentages for Bl, Leul and J5; a low per-
centage of KH-3B reacted with J5. These two
lines showed no surface marker change after
TPA treatment.

Five clones isolated from KH-3A by
agarose cloning showed cell properties differ-
ent from those of their parental KH-3A line.
KH-3A-2 and -3 showed different properties
upon reaction with B1, Leul and 10.2 and
their percentage reaction after TPA treatment
increased. KH-3A-1 and KH-3A-5 gave
almost the same results as KH-3A-2 (data not
shown), and these 3 clones were characterized
by the expression of the T-cell lineage marker.
On the other hand, KH-3A-3 and KH-3A-4
showed almost the same surface marker as
that which was observed after induction of
differentiation into the B-cell lineage.

KH-4 cells were positive at low percentages
for B1 and J5, but after TPA treatment, they
became highly positive for them wihtout the
expression of c-Ig. Five clones from KH-3B
and 10 clones from KH-4, isolated by
methylcellulose cloning, showed the same
phenotype as their parental lines. EBNA was
negative in the three cell lines.
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Chromosome Analyses Chromosome analyses
before and after cell culture are shown in
Table ITI. Although at the diagnosis of Case 1,
chromosomes were distributed from numbers
44 to 46, most of the cells at the first and
second relapse had 46 chromosomes, showing
a normal karvotype. In the cultured KH-3A
line, the distribution of chromosomes was
from numbers 44 to 47 and its karyotypes
consisted of populations which were cyto-
genetically different, one normal, 46XX, and
the others abnormal, 45XX, —E/46XX,+2q
(Fig. 4A)/47XX,+ 13 (Fig. 4B). The marker
chromosome, 2q-+, represented a joining of
the long arm of chromosomes No. 2 and No.
13. KH-3A-2 cells had 46 chromosomes and
the 2q-+ chromosome were observed in 809
of the cells. KH-3A-3 cells all had normal
karyotype.

In Case 2, the distribution pattern of bone

marrow and cultured cells (KH-4) showed
mosaicism of 46XY and 45XY,—E.
TCR and Ig Gene Rearrangements As shown
in Table IV, both TCR f~chain and Ig (H,
and C,) gene rearrangements were observed
in KH-3A, KH-3A-2, KH-3A-3, and KH-3B
cell lines. Both directional gene rearrange-
ments suggest that these cells originated from
an early stage of lymphoid stem cell, and KH-
3A-2 and KH-3A-3, which showed different
phenotype, such as early differentiation for T
or B cell lineage on TPA treatment, had the
same genotype.

Jpn. J. Cancer Res. (Gann)
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Fig. 4. G-banded karyotype of KH-3A cells with 46XX,+2q (A) and 47XX,+13 (B).

DiscussioN

Three cell lines were established from two
adolescents with non-T,non-B ALL, Al-
though at the beginning of cultivation, leu-
kemic round cells were attached to the BMS
cells at the bottom of dishes, they started
to grow as a single or aggregated cell sus-
pension culture after 2-4 weeks (in Case 1)
or after four months (in Case 2)}. Though the
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growth rates of the three cultured lines after
their establishment were not stimulated by the
addition of conditioned medium of adherent
fibroblast-like cells (data not shown), these
adherent cells might play some role as a feeder
layer in stimulating the growth of leukemic
cells, as previously shown for the establish-
ment or the cloning of lymphoma/leukemia
cell lines wusing cells of heterologous
origin.”*? At the same time, the unique
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growth characteristics of cultured cells may
be important in relation to the use of the
feeder layer, because the present three lines
continued to grow for up to seven days at a
high saturation density without an additional
medium supplement, as previously shown in
NALM-1.”

Surface marker analyses revealed almost
the same phenotype in KH-3A and KH-3B
but a different one in KH-4. KH-4 cells grew
in clusters of hundreds of cells, as usually
found in the lymphoblastoid B-cell lines pre-
sumably derived from normal B-cells. In the
case of KH-4, however, cells had no projec-
tion in their. cell surfaces and did not react
with B-cell markers or EBNA. KH-4 cells
were induced to differentiate into B-cell lin-
eage by TPA treatment. It has been reported
that TPA induces fresh cells obtained from
CALLA* ALL patients to differentiate into
B-cells.”™ Korsmeyer et al. suggested that,
judging from the immunoglobulin gene
rearrangement, cALL cells may be very im-
mature B-cells.””

On the other hand, in Case 1, we observed
a change of cell population (it has been
reported that the expression of CALLA
changes during treatment and relapse®™):
19.2% of cells were positive for J5 at first
relapse, and 81.79% at second relapse. Al-
though Case 1 was diagnosed as cALL, the
established cell line (KH-3A) might be com-
posed of mixed cell populations because Bl,
Leul and 10.2 monoclonal antibodies were
expressed at low percentages. Five clones
isolated from KH-3A by agarose cloning
showed cell properties different from those of
their parental KH-3A line. The loss of J5, and
expression of T and B cell markers after TPA
treatment showed that cells were induced to
differentiate, since J5 is said to be a marker of
early lymphoid cells which is lost as the cells
differentiate into either T or B cells.” This
could well be the first successful attempt at
isolating several clones (KH-3A-1-3) which
show T and B cell properties from a non-T,
non-B ALL cell line (KH-3A).

In our cell lines, chromosome analyses also
revealed heterogeneity of cALL. KH-3A had
various karyotypes, such as 46XX/46XX,
+2q/45XX,—E/47XX, + 13. KH-3A-2 cells,
which differentiated into T-cell lineage,
showed 46XX, -+ 2q; all KH-3A-3 cells, which
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differentiated into B-cell lineage, showed 46
XX. Judging from the gene rearrangement,
both TCR and Ig genes were rearranged in
KH-3A,® KH-3B and 2 sublines isolated
from KH-3A (KH-3A-2 and -3). Although it
might be expected that KH-3A-2 and KH-3A-
3 would have different gene rearrangements,
both cell lines were the same from the view-
point of TCR and Ig gene rearrangements.
The TCR and Ig gene rearrangements are
thought to occur early during T- or B-cell
differentiation, and some cALL patients were
reported to show rearrangement different
from their phenotype.™ *" The discrepancy be-
tween the cell surface marker examination
and the gene analysis seems to be an unex-
pected event®™ and further systematic experi-
ments on chromosome analyses, induction of
cell differentiation and gene rearrangement
analyses in more cases may allow an accurate
classification of cALL. Our cell lines may be
helpful in studies on the origin of non-T,
non-B leukemia. ’

{Received May 12, 1987/Accepted Oct. 27, 1987)
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