Abstract

For clinics, and investigation for leukemia, drug sensitivity assay and
establishment of cell lines from patients’ samples are important issue.
Three-dimensional (3D) cell culture is a promising technique to improve
cell survival and function. Here, we developed leukemia culture system
and investigated the leukemia cell propagation profiles from patients’
sample with human bone marrow stromal cell using Cell-able system. In
addition, we employed insert well system for co-culture with leukemia
cells and bone marrow stromal cells, UEGE7T, and 8 patients’ samples in
acute leukemia at the diagnosis according the protocol approved by
review board and cultured for 56 days. Validation study was also
performed using 3 samples. For analyzing the property of the viable cells
and the mechanisms of proliferation, we used flow cytometric methods of
the viable cells and cytokine array analysis of culture supernatants. The
percentage of CD34 positive leukemia cells and the absolute number of
leukemia cells was more in separate 3D culture (seeded the bone marrow
stromal cells on the microfabricated bottom with culturing leukemia cells
in microfabricated insert). Our new culture system was useful for culture
with leukemia cells. Especially, easy separation of leukemia cells and
stromal cells might make improvement of investigation the properties of
leukemia cells.
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Background

For clinics, and investigation for leukemia, drug sensitivity assay and
establishment of cell lines from patients’ samples are important issue.

However, recent gold standard for primary culture system is
inoculation to NOD/SCID mice, which is extremely expensive and
required large facility.

Three-dimensional (3D) spheroid cell culture is a promising technique
to improve cell survival and function by preserving cell to-cell
interactions. Several groups have reported that 3D spheroid cultures
could increase the survival rate of the cells.

Here, we developed leukemia culture system and investigated the
leukemia cell propagation profiles from patients’ sample with human
bone marrow stromal cell using Cell-able system (TOYO GOSEI Co. Ltd).
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Methods

Cell-able system consisted of a polystyrene-based plate, which was microfabricated
from a block copolymer consisting of a polyethylene glycol (PEG) derivative containing
an azide group as a photo cross-linker. Coating the surface of polystyrene with block
co-polymer by photolithography inhibits the adhesion of proteins and cells. The non-
coated area could accommodate spheroids. In addition, we employed insert well
system for co-culture with leukemia cells and bone marrow stromal cells.

Stromal cells were cultured on the bottom of the same insert wells or on the bottom
of wells in culture plates with or without pattern printing on the bottoms of insert
wells and/or wells of culture plates.

We used human bone marrow stromal cells (UEGE7T), and 8 patients’ samples in acute
leukemia at the diagnosis according the protocol approved by review board in Nippon
Medical School Chiba Hokusoh Hospital and cultured for 56 days.

Validation study was also performed using 3 samples. For analyzing the property of
the viable cells and the mechanisms of proliferation, we used flow cytometric methods
of the viable cells and cytokine array analysis of culture supernatants.

Transwell system for maintaining
long term culture

Transwell: nuse

Transwell;upperview Transwell: side view

L Microfabricated pattern cells
;h;ﬁﬁfﬁa?; UV exposure Water development on the plate on the insert well insert C U It ure p I'DEE'd ure
I ' l l l l l 30 contact + stroma cells+leukemia cells
o Prealn riateil S 30 separate - - stroma cells leukemia cells
swstrate e M Subsrate  flammdll Subsirate 2D contact stroma cells+leukemia cells * UEGETT cells (22,000cells/ml)were seeded before
20D separate stroma cells leukemia cells . ! . .
starting culture of leukemia cells in POWEREDBY
cell (Glycotechnica, Tokyo, Japan), which was specified
elis = Microfabricated pattern to culture of UEGETT cells.
.. [ J .
Leukemia cells @teukemiacells gy Bone marrow stroma cells * After three days culture of UEGETT cells, culture
— All cells were defrosted and used from frozen stocks of bone ' — medium was removed and leukemia cells {EI lﬂ{ﬁ}
Il the initial di Is. - = . :
aTToW et On e TiHaT dlasnosi .0, cells /ml) were added to culture in RPMI1640 with
— The protocol approved by review board of Nippon Medical — 10% FBS
School Chiba Hokusoh Hospital. Cul ' di | d 7d b1
; e T T T e B e [ ] _
* Bone marrow stromal cells 3D contact & 3D separate 2D contact 20 separate Erl:lj"nltu re mediawere replaced every Zdays wit
L o _
— Human bone marrow stromal cells, UEGETT ware obtained from el e i ]
DIKEN. * Cell count was using Cell Titer-glo (Promega, Tokyo,
Japan).
BCP-ALL 5 E”‘“ -
,_J Sl B BC P_A LL E _ _E izl o R
:E:' .| =;_: ol I BC P—ALL % - BC P_ALL
17 EE el ) % o uE-'u 1300 L— . ]
E W s e Do 1 § 0w % 100 H | e s e o]
é a4 | —;—Eﬂﬁt:r ; - D contact E 1o [ ] L w’ T
o & TEpATRLE oo T —= arate 2 ——3 te
E el T p——— e p— 5 W e e g o é 11l T PO o %:ﬁi’ca: ........... E 12 : R “:-gﬁi,:{{%e |
; 3% E ) 3D 3D Fi) 1D : ) e
: —+—3D contact 25 +— SCDIOK : 1 Lo o s e ] [ 25% [ —— %mﬂ I 0 Do S a; 10° L b D contact 3D separate 1D contact ID separate
Ry , " v ’ 20 = CDI05: : T
o 2D separ ate - - CD344 w L. . l1_:|}'|-:|j-'- i m CD05+
15 - ] 15 . CDH gl O S " CD34+
1 ] 1@ I k] 440 = | &0 a
0 10 20 32 4 = 60 | Culrre days 10 1000 20 1o
Culture days { ) | 0 0 i, 0 S T 00— .
0.4 I I o fure Hay 10 Cubture Date ‘.] [ | .
Y n. D 0 - : 3D D D D
e —— —— 3D iD 2D 2D 9 H - comiact separale  contact  scparate
confact  separate  contact  separafe A0 contmct 10 separate 2D comtnct X0 sepamte
7000 118"
AML S| AML AML .
%:‘-:ﬂ-:l i 1 __ 2004 E
i %i{ﬂ{l S j; FTT ) ;61{1‘
10 5 3 100 =
——13D contact E;m [ E 300 | ?41{1‘
—a— A0 separate w o L I i
= D B, 3
106 AL =l . % 1 EETTS
I'E 3D comtacr A0 zap arace 1T comeac ITV separare i é = E
s 315 % o MH: h“-i:l @ T = D 1111 111- E w10} C OO tact o o ! D metact3D sepam e 1D comtact 2D separam
B 30 s A N B e iy : 20%
i B CD 105 ' 10 Fon| -t 2D SEPAT AL [oonnrs o oo o S H
. 25 —— R -. 16 ' 5
T 20 Z 2 _ 1 m D105+
C s : S CD34:
10° . - ' e 10
b Egﬂm;ﬂm}.!_ v “: :”” W = = ® = @ :_
-III :'.::Jm Culture Days 4 I I
3D 11: D D - 0 .

Percentage of
CD34+CD45+CD38 CD105-

I'JI

Bioplex data fro

contact

separate  <ontact soparate

m cultured medium G-CSF data

p<0.02 p<0.02
o 1 . 3D separate | 2D separate [ p-value | ratio (3D/2D)
= IL-1B 38.1+38.3 9.4+2.5 p=0.323 4.08
hy IL-1ra 247.8+20.4 139.5+7.8 | p=0.005 1.78 5000
Z 5 ] IL-2 3.3£1.0 2.5+0.5 p=0.32 1.3
s IL4 2.550.6 20:0.1 [ p=030 |  1.25 P R T OO
S IL-5 2.9+40.7 1.8+0.8 p=0.27 1.57
g IL-6 7706.0+253.6 | 7436.3+161.9 | p=0.21 1.04 % 20
3 IL-7 48+14 52+1.0 | p=0.70 0.92 = T
S ST, I IL-8 13264.1+4574.2 | 6406.6+2759.3 | p=0.105 2.07 =
I | IL-9 6.2+2 4 4.3+0.2 p=0.30 1.44 =
1 | RS IL-10 25.3+4.1 242413 | p=0.68 1.05
3D contact 3D separate2D contact 2D separate I1.-12 47 5432 44.6+3 .0 p=0.31 1.07 1000 -
o IL-13 2.9+40.3 2.5+0.5 p=0.22 1.2
C D 105 pDSItIUE (%} IL-15 27.8+1.8 28.1+3.3 p=0.91 0.99 3D contact 3D separate 2D contact D separate
IL-17 11.5+5.1 9.5+1.1 p=0.56 1.21
Eotaxin 17.243.3 14.6:0.8 | p=0.30 1.18
0 P<0.08 FGF basic 155.5+96.7 85.2+51.3 p=0.34 1.82
P<0.004 | | G-CSF 3224.3+1815.7 | 530.0£257.9 | p=0.01 6.08
sl oo GM-CSF 244.0+134.4 98.0+14.2 p=0.20 2.49
INF-y 79.2+19.5 68.142.8 | p=0.42 1.16 B * _[m_ jﬁ i%
30 b o ) IP-10 550.8+500.8 | 687.4+297.6 | p=0.71 0.8
: MCP-1 521.3£27.3 | 588.9485.0 | p=0.30 0.89 COI1 Eﬁ 7T~
i 1s MIP-1a 412.5£636.5 33.5¢19.9 | p=0.41 12.32
E PDGF-B 2.2+0.7 1.8+0.1 p=0.46 1.21 EOREESE - &
10 | MIP-18 | 1052.6+1185.1 | 292.3+388.9 | p=0.33 3.6
RANTES | 287.1+313.1 | 996.54223.0 | p=0.04 0.29 WY ~XTOXERFZEENERL. FAFRFRER BT
5 TNF-a 51.0+14.7 42.3+2.8 p=0.41 1.21 Bl d < CO | FRlICHh 2 EFL I TR A,
VEGF 1911.7+363.7 | 1849.6+294.5 | p=0.83 1.03 _
[ @k%ﬁ %LI HEEEAFTELERR BT, RBOFGEEIT

AD contact 3D separate 2D comiact 2D separate

D &b

CONGACE '-.L'1!|1I!"'|l1. COnNtact  separate

Results

1. 3D separate system is least contamination of
bone marrow stromal cells.

2. 3D separate system is able to obtain highest
percentage of leukemic cells.

3. In terms of Superiority of 3D separate system,
G-CSF might be contributed.

Conclusion

Our new culture system, 3D separate system
was useful for culture with leukemia cells.
Especially, easy separation of leukemia cells and
stromal cells might make improvement of
investigation the properties of leukemia cells.



