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Cytogenetic study on safety evaluation of human mesenchymal stem cells cultured in vitro

Atsuko Matsuoka

Human mesenchymal stem cells (hMSCs) are one of the promising sources for regenerative

medicine. In general, hMSCs are supposed to grow indefinitely and differentiate to various kinds

of cells. The indefinite growth is concerned due to its misleading to carcinogenesis in the
practical use of hMSCs in regenerative medicine. In the present study, we investigated
unexpected changes, especially in genetic aspect, in hMSCs during culture utilizing fluorescence
in situ hybridization (FISH) with chromosome specific DNA probes for chromosomes 1 and 4,

or a locus specific identifier for c-myc. Three lots of hMSCs and three human cancer cell lines
(HeLa S3, HOS and OUMS-27) were analyzed. The results of this study suggest that both
observation of cell morphology and FISH analysis of c-myc aberrant cells in interphase cells are
useful for evaluating safety of hMSCs expanded iz vitro.
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Table 1 List of cells used

Normal human mesenchymal stem cells

Lot Origin Donor
hMSC 10796  bone marrow 26 Y, male, Black
hMSC 10909  bone marrow 19, female, Black
hMSC 11809  bone marrow 21Y, male, Other

Human cancer cell lines

Cell line Supplier Origin Donor

HeLa S3 JCRB*
HOS Dainippon**  Osteosarcoma
OUMS-27 JCRB

31Y, female
13 Y, female, Caucasian

Cervical cancer

Chondrosarcoma 65Y, male

hMSC; human mesenchymal stem cells, *Health Science Research
Resources Bank, **Dainippon Pharmaceutical.
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Fig. 1 Growth curve of three hMSCs and HeLa S3

The #number indicates the passage number. The
doubling time for the first and the last passage is indicated
in the graphs.
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Fig. 2 Senescent cells observed in the hMSC culture (SA-3-Gal staining)
Although hMSC (10909) did not show senescent cells stained blue at early passage (#1), some of them changed to flat and
big in shape and were stained blue in the center at middle (#7) and late passage (#13).
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Fig. 3 Distribution of chromosome number of hMSC 10909
at the first, third and fifth passage

The number in the upper right corner indicates the
number of cells analyzed.
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Fig. 4 Distribution of chromosome number of human
cancer cell lines, HeLa S3, HOS and OUMS-27

The number in the upper right corner indicates the
number of cells analyzed.
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Table 2 FISH analysis of three human cancer cell lines

DNA probe
Cell line Judge Chromo-  Chromo- c-myc
some 1 some 4  metaphase interphase

normal 0% 93% 0% 3%

HeLa S3 aberrant 100% 7% 100% 97%
No. of cells observed 82 100 50 100

normal 0% 0% 61% 87%

HOS aberrant 100% 100% 39% 13%
No. of cells observed 139 177 135 200

normal 0% 87% 7% 1%

OUMS-27 aberrant 100% 13% 93% 99%
No. of cells observed 83 38 41 200

Fig. 5 FISH analysis with chromosome specific DNA probes for chromosome 1 or chromosome 4

Images are merged with whole chromosomes stained with DAPI (blue) and portions painted with SpectrumOrange (pink).
White arrows indicate chromosomes with aberrations involving chromosomes 1 or 4.

A: A translocation (arrows) observed in hMSC (10796). Three chromosomes are painted in whole or in part showing a
normal chromosome 1 and a translocation involving another chromosome 1.

B: A translocation and an insertion observed in an osteosarcoma derived cell line, HOS. Four chromosomes are painted in
whole or in part showing a normal chromosome 1 and a translocation and an insertion involving another chromosome 1.

C: An incomplete translocation observed in a chondrosarcoma derived cell line, OUMS-27. Four chromosomes are pained in
whole or in part showing three normal chromosomes 1 and an incomplete translocation involving another chromosome 1.

D: A translocation and an insertion observed in HOS. Four chromosomes are pained in whole or in part showing a normal
chromosome 4 and a translocation and an insertion involving another chromosome 4.
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%L, YZFVEBL 11567 FVERLETH- 3 -3 -2 hMSCTOFISHIEIZ & 5 Jetafh B T
72. OUMS27MILTIE, ¥ 4 > 7 F V&R T A i b EMIICHEAC 2 47 2 72hMSC10909 % JH W\ T, 4%
%L, YTFVED 205 U EEBTV. ZoME ASIEH AT L2k M oML £ CRMT 2477 ) 729
5, HEMEOBLE T YA H»TIETH 5 2, c-mycw 7u—7% U CHHI TR L. %4

Fig. 6 FISH analysis with a locus specific identifier for ¢c-myc

A: Four pairs of signals observed in a metaphase spread of an osteosarcoma derived cell line, HOS.

B: The magnified image of a part of panel A. Two pairs of signals for c-myc are seen near the distal end of two chromosomes.
Both chromosomes seem to be translocated between chromosome 8 and chromosome 1 that has a white portion
(heterochromatin) near the centromere.

C: The magnified image of another part of panel A. Two pairs of signal for c-myc are seen on two normal chromosomes 8.

D: Four pairs of signals for c-myc observed in an interphase cell of a chondrosarcoma derived cell line, OUMS-27. Panel D is a
part of the interphase cell and the pair of signals seems to be amplification of c-myc within a chromosome, that is to say that a
single signal corresponds to a pair of signals in panels B or C. Refer to panels E and F.

E: Four pairs of signals observed in a metaphase spread of HeLa cells. Two pairs of signals are seen in a chromosome located
on the left. They seem to be amplification of ¢-myc within a chromosome, because only a pair of signals for c-myc exists in a
normal chromosome 8.

F: Four signals observed in an interphase cell on the same preparation as panel E of HeLa cells. Four signals are separated in
three regions. In a region, two signals are adjacent indicating that they correspond to two pairs of signals (amplification of
c-myc) seen within a chromosome in panel E.
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Fig. 7 Comparison of the signal number for c-myc observed in between metaphase cells and interphase cells in HOS and

OUMS-27

The number in the upper right corner indicates the number of cells observed. The white portion of the bar indicates cells
with amplification of ¢-myc within a chromosome. The black portion indicates cells without amplification within a chromosome.
The distribution of the signal number observed are consistent between in the metaphase cells and in the interphase cells in

both cell lines.
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Fig. 8 Distribution of the number of c-myc aberrant cells
observed on 100 cells during five months passage in hMSC
(10909)

The number of ¢-myc aberrant cells per 100 cells was
scored at 10 regions on a chromosome preparation, except
for #14 where the number was scored at six regions due to
less number of cells. The number in the top of graphs
indicates the average number of c-myc aberrant cells =SD
in ten or six regions analyzed.
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P, c-myc R OA Z R EIMIFED SN d o7z,
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OOHNT. KR THWZ-hMSCIZ 1 2 6A L THB
DO EIE R UGS TR D & CRBRKICHER S
NTWEEEZEZLNLZ ENL, ZOKRTOT Y FER
FF—3#% SFVHERTOMAZEIHLTLEEZ LN
LH, 38y FOMTLEIROONS. Bz, Tv
11809 1 fLH To R F Mtz LIz 3 2L, av
F10796ix 1 fH ST TICHBEZDH 5 B sz
IRLTWBZ &b, In vitroffCREF1C X 2 BLa 40
FEDBALD A MEEHET HI121F, BEAANORNEHED
MO 2 HMEICBIRT2LENH L LEEZOND.

BIATHET 0 — 77205 Th { R RFENWDNA T 1
— 7 % I\ 2 il SLH OFFNT AR O Bl &
L CTw7z%%, Table 3II/RT & 912, 4RI\ S HIT
LCuy Mo TR OEARTE ARG KD
SEHNHIE 05 2 EWNEETH L 2 EAVHIAL 7.
L L7 s, M7 — 5 & U CYethfiohi b 5w o
BT 27— bR L TB L LENDH L L% Z, hMSC
107960 1 fRHOEAT 1 HF L& 4 Fgtak7u—7, It
BB AY B A > 72hMSC 10909°T 1 Fgeta kT 5%
H ¥ Cofftr2:RA72 (Table4). F72, g FhMSC
OS5 H CTOMIT 2 BH IR T 5. 1 FHtufk 7o —
7 % W 72 f3AT TIEhMSC 10796 13 1.6% o il i, A% iz Ji
(Fig. 5 A) #7RL, #lay b OhMSCIZH# 5L H T2
%OMMLAEEZ A LT\, 4 TRk TIZ1I/HET
biley o5 HTHEEIIMH S e h -7, hMSC
10909Tix 1, 3, 548 H il 2 2001 LL L8152 L 7228,
AR X 2 B HEOMINIED Sk h o 7.

4. ER

hMSCOMERRIEFHRE A B T E R oA L LT
WAL % G L7225, Rgeco 31y b OhMSCIZDW
T, MR X 20T, Moz, 2Ll
Pt s, [HAERPSTEEL, in vitroDREFRRIIB L7
hMSCIZEERIHRE 2 R S e\ | S EAVHALZ. &L
5, hMSCidin vitroTEMMARREE T H 2 LI2L 5T
BAMBEZ RS LD beEZLNL. T, BibY
5 HFig 21K T £ 912, MRS E TRz L
B o TWnAIZd b LT, $TXTOMBIE (B
) M T Ao, BibhoZ LiIZhMSCofiow v
MZOWTHIERLTWS Y, B0 tE: % 2

Table 3 Number of c-myc aberrant cells in interphase
cells of hMSC

Days Mitotic  No. of aberrant
hMSC Lot. Passage inculture  jpgex(%) cells /300 cells X’-test
10796 #1 0 2.8 24 —
#3 13 NT 35 N.S.
#5  31(1month) 02 23 N.S.
10909 #1 0 10.2 15 —_
#3 13 (2 weeks) 5.6 12 N.S.
#5 27 (4 weeks) 7.2 14 N.S.
#10 78 (2.5 month) 0.1 25 N.S.
#14 152 (5month) 0.6 47 P<0.001
11809 #1 0 1.5 10 —
#5 28 (1 month) 0.8 23 P<0.05
#8  66(2month)  NT 41 P<0.001
#10 98 (3 month) NT 44 P<0.001

NT: Not tested, N.S.; Not significant.

Table 4 FISH analysis with chromosome specific DNA
probes for chromosomes 1 and 4 in hMSC

hMSC 10796 hMSC 10909

Passage Judge Chromo-  Chromo- Chromo-

some 1 some 4 some 1

normal 98.4% 100% 95.8%

#1 aberrant 1.6% 0% 4.2%
No. of cells observed 60 207 261

normal 97.9%

#3 aberrant 2.1%
No. of cells observed NT* NT 242

normal 98.0% 100% 96.2%

#5 aberrant 2.0% 0% 3.8%
No. of cells observed 201** S55%* 236

"NT; Not tested, **The data are derived from another lot of hMSC.
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FUHEE b - 7-MBOET ) THEH, BEDEZT
TlEAT O RMBER L 5. K20 EALE Y012
BT BRI T TXTOMBEIETRE S
Lozl o, BADEZ T EZEAT L LR LT
WEEZ LN,

Table 4IZ/R3 £ 912, FoHkt (B : 200fL) D4
D - T 4 FHARIZFHTE S 5 FFHBEED
KL, MBATMIEES S TR2LEPEZLNL I EH
5, KHBOMITIZIZHEY TIEHEWwWEEZONS. 26



In vitro¥53g & b HBERESHNE O M 8 (2 - 2 A PR (2 B 5 2 TF 72 57

D NOKREI) > 78BK TR UF3:T 4wtk 7 o
— T COMRN 24T o 7Rk 2SH %55, B HHEE X
0.13%®H %\ 12011%TH H, FEMIZIZFI 800/ % 8
RLTRo L 1 HORFEMBERILTELIEETH-
720 E 7, FEMIT S 2 b 4 FYetn iR o BN I3
AR S DAIH 572 (Table 2).

—7J7, 1 F4iRCTldTable 4127R73 X 912, 605lE
OHLBTT T IMORELKRILTETEY, 4FHRE
I BREHENTHNZ ETHREIN, 100MERED
B CHLREEHELRMNTE, in vitrof5 201 % O K
DREZZEZEZ BN, 1 EREAKOTT D70 —7
ELTHUTHLEEZONLD, FEARMIChMSCORE
KTIRREL72BOFRTINMGEZED DL T LWL
IFEDPS, QR T BIEIR LT HRHMIEHEE S & %
A bz,

SFIRIYIZ, c-myc TIXRIHIAIE TORIZED LB 7
WASUHE T, ZaWFliEE LTERTH L 2 LR
SNz FEBIC, 52 A TR 2T & 72hMSC 10909
% O FIHIL Te-mycfBNT 2 47 7% - 72458, RRIc X
% FUEHBE DAL, T OB AUAR A CH B = BN & 4k
W T&7z (Table 3).

AWFFETIRENE L TWARwas, 9B X b Ba5AME L
L 74T D AHFgE & BRI A 2 B L, 0I5
JaCFISHIZ X 2BENTRETH L LEZOND. 7272
L, BFEMEO XL X o> TEL T 2HITIE A
W7 BRAEDB ) MIKEEAR 2 /E R T & il ietEds
H5bH. TOX) MR TIIEENEEORKILIINETSH
LEEZOLND.

RBETH OB TH 5205, HITHRZ RIS
52 EICE 5T, BEARERDES IR BILRERH b FiE
T&D. JE I HT2ICH 7o TIIEFICEEL
Efiths. BEMIE CoFEiHOMIRESH
(BEAVE® 1 H, #HFISH, 3 H H 2300/ % Bi%)
THRERL LD TE, WMRFIHEOTKIE S Z XL
ERL ZORBRERICKMSEL LN TELEEZ
bb.

hMSCIZTIHTH %545, CambrexfhiZ kb & FF—
OB E RINZEGE 32 F TSR 3EM (2 - 31K
DO ZELTWB W), $£oT, 17 [ THiEHE
R H 7 2 SR B % 78 L 72hMSC11809 (Table 3) (&
ZORRTE FALRNE T TIZ2 » KRR L TWw
5282 % 5. BUEBIRIIE T 2 b Tw 258 133R
WMHEELTL s HEWDIRTEY, Table 3OKHEL S,
EX NI EPR ] QIR vy il T R S L) | p)
CLERWVWTHAIEEZTAL. 53 HFTHILLZ
R 5 Ce-mye DM & h 70 FeH OBIINAFED 6 1L 72hMSC
10909TH, 1 #» HF TlREBAKD A H46KRIZE —

70338 5N (Fig. 3), c-myc® PHHHE & By 28 PR
BOBEEL Y E T ro7z.
c-mycSFE DAL T HET O &AL et R o Rk 5
FHIWELETEOPLTE LWEEZLNDLA, KRIL
REEZRILTEZ Z LB LZFISHIETTY, H#
A COBBIZERMICIIRNETH S Z LAV L
7o Qe RhE I RCE & MR CEIZE T 5 Hiie LTh
BN D ) METORMD ) LEZ S5NEDS, SHOR
e L7own,
WA, [In vitro¥sdE v b MZERENE O 22 4 3
FEl D12 LT, UTOHEZIRELW.
1) REOwHTE © FRES N2 EHg o A H i DAt
O EZR/ANRICT 5. BIRFIEZ Ui 2w,
2) BIgIE - BE D STHRIUE R OMN (B &,
in vitro CREFEIEH S & B ITBAE AT O Mg &
T, AEHEOLKEIT.
3) Bl 0 31, AHZEBEMEEIC X 5 MR REEILE
3—2. FISH:C300 M AN o> Yeta iR 2
WIRNT 2 ATV, 22 MEEATD.
70 — Tl c-mycE O AR T ESE
BWDNAT =7 2 fi % v
5.

g
A IEMEEAL 2 —< V4 T v 2B LY
DOWFFEMR I L > TEBES N2, ZZICHELRT
5.
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