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New Monitoring Method Using Flow Cytometry for Evaluating Immunosuppression in Transplant
Patients with Multiple Combination Therapy

Hiroshi Asano, Nobuji Ogawa, Isamu Koyama (Division of Gastroenterological and General Surgery, Department
of Surgery, Saitama Medical School, Moroyama, Iruma-gun, Saitama 350-0495, Japan )

The combination therapy of carcinurin inhibitor (CNI), and inhibitor of nucleic acid production, has been widely
utilized in clinical kidney transplantation. Mycophenolate mofetil (MMF) has a strong immunosuppressive effect
as compared with azathioprine. As a result, over immunosuppression is often experienced under the combination
therapy of MMF and CNI. It is very difficult to adjust each immunosuppressive drug without knowing how much
the immunosuppression and how much each drug affects the immunosuppression. The method of monitoring
the immunosuppression has not yet become available for transplant patients under the combination therapy. We
investigated the usefulness of flow cytometry of the lymphocyte stimulation test under the immunosuppressive
drug in vitro. The peripheral blood from four healthy volunteers was separated by density gradient centrifugation.
After lymphocytes were dyed with 5(and 6) -carboxy fluorescein diacetate succinimidyl ester (CFSE), cells were
cultured with Staphylococcus enterotoxin B (SEB) for 4 days under the Mycophenolic acid (MPA) and/or
Cyclosporine (CsA) in various concentrations. After cultured, Division Index (DI) was measured by FACS, and
Stimulation Index (SI) was calculated using DI. From a series of multiple concentrations of MPA or CsA, SI 25, 50
and 75 of MPA groups were 54, 18 and 6 ng/ml, and SI 25, 50 and 75 of CsA groups were 250, 100 and 30 ng/ml.
We defined the medium concentration of each drug as MPA 30 ng/ml and CsA 100 ng/ml, then 1/5 of these results
as low concentration and concentration 5 times as high (setting up MPA: 6, 30 and 150 ng/ml, and CsA: 20, 100 and
500 ng/ml). The mean S.I. of MPA group was 71.27411.55 at 6 ng/ml, 23.63113.44 at 30 ng/ml and 4.87+1.33 at
150 ng/ml. The mean S.I. of CsA group were 78.024-9.05 at 20 ng/ml, 44.14+4.89 at 100 ng/ml and 16.51+5.17
at 500 ng/ml. At the combination of low doses of CsA and MPA, S.I. was 61.034-8.03. The addition of a medium
dose of MPA to the low dose of CsA decreased S.I. to 12.233-0.75, which is almost the same result of the high dose
of CsA group. These results have us conclude that the dose of CsA could be decreased when the medium dose of
MMEF is combined with CsA treatment. In addition, patterns of the histogram in Flow cytometry found that there
were differences between CsA and MPA, leading to a better understanding as to which drug contributed to the
over- immunosuppression.
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K0, SO BRI UI—)5T, vy
Za—V VHEBEHEHT S &, R R e D A
EENBHE DA IR, HEOZEICHE W T MMF
HEZAV VTG BHENENT J28, MMF #5
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WABM, TOHEREERDOETOMEZHIET %
728, TR U 7o iR O M E 0385 1 O %) H ] E
I L TWawy. L L, BEHERMTEDRD D
ICHOE 25 TH % CFSE (5(and 6)-carboxy fluorescein
diacetate succinimidyl ester) %\ 7z FACS & ' Ic
KBV 2 SERES RIS SN 2 — 2 2 HET B
TEMNTEZD, MMFOTa RSy 7 THs<A
a7 =/ —)UEE (Mycophenolic acid: MPA) & CNI C
»HBY 471 XK > (Cyclosporine: CsA) D i
EHIRN R 2 K ORI g 52 2 ENAREL 72D
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X9 % MPA - CsA fifH T DB AAFE DM 7 4L
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fRHHEME4 N (29~34 %) ZRFRICA T+ —LEK
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HISTOPAQUE-1077 (SIGMA #1) 7 F\u 2 L s O
I KO Bkl Z B U7z, $1 CD3 fiik (SIGMA #t)
% 7z FACS (Becton Dickenson #f, w32 kv
Y a £l Cell Quest software) 1Z & D T cell A 80 ~ 90%
BENTWA T ERMER L. ez Skl &
IZ 5 nM CFSE (Molecular Probes, Eugene %I ) 5 ul/1
X 10° DYEREET 5 7 MHIEAE THE L 7214I1C 24 well D
BEE IS 1 well 2472 2 10° {H O Hiifa % RPMI-1640
(ZATTwr7F VT r2)bet), v N ABRIT LT
2V (SIGMA %) 300 ul, Y >/ 7 SEREIEGEIF K O 5
A Z N ZEF 2 mlICEE Lz, 37°C,5% CO?, 1B/
95% S NI T 4 HREMREEGE Uz, Y 22 SERHIE
A& UTid T ez 44 (T cell receptor: TCR) 7 3%
A IC #i] % 9 % Stapylococcus enterotoxin B (SEB)
(SIGMA #) % 100 ng/ml OFERE TR LI, B
% OMIIEZ [F1IY U FACS I X © 73 Z80iia = & L 7z.
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Histogram Statistics

Marker Left, Right Events % Gated% Total Mean Geo Mean CV__MedianPeak Ch
All 1, 9910 10757 100.00 53.79 502.55 222.32 171.98 159.63 119

M1 1999, 8205 806 749 4.033027.27 2885.69 33.682665.52 2035
M2 1241, 2017 593  5.51 2971702.26 1688.80 12.231730.94 1893
M3 673, 1219 481 447 241 896.08 884.89 1594 881.68 858
M4 331, 667 1019 947 5.0 45001 442.02 1936 43323 352
M5 179, 325 2069 19.23 1035 23440 23126 1672 22671 199
M6 101, 184 3191 29.66 1596 13542 133.57 16.80 13097 119
M7 66, 102 2057 19.12 1029 82.54 8187 1273 8131 77
M8 38, 66 802 746 401 56.69 56.19 1279 5829 63

Fig. 1. Formula of division index (DI),stimulation index
(SI) and histogram of cell division and statistics. The upper
histogram shows non- stimulated phase. High intensity
means non-cell division. These are resting cells. The middle
histogram shows stimulated phase. The CFSE intensity is
divided and decreased by cell division, then the population
moves to the left side. The bottom chart indicates the
numerical value of the histogram. The “%Gated” row indicates
the percentage of the numbers of cells which are contained
in M1~M8. M1 represents the percentage of T cell blasts
that have not divided, and M2-8 represents those within
progressive CFSE division gates. DI and SI are represented
by these formula.
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SEB B © o2 fil#] 7z Fxin+ 9 SEB 100 ng/ml
DI K B HliaE 7z UT Bt

MPA B : MMF (3 82 8% G- 1% 3 0 M I ik 79 i &
NMPA & UTIER L, TEMERLT cell 72 4RI 1]
32, ik | Tld MPA @ T cell IC 593 50 % i
13 6~30 ng/ml TH B &> i, MPA Hi|
IC K A RhSFHNHEEE % 30 ng/ml EREL, Th
SRR L Uiz, TheRHEL U 2 6%, 465, 515,
8%, 105 LIBERERIT>12E T A 5 5L ETHINE
DHOENRD SN2, THEREED 1/5 D MPA
TR TS, 5 £%500 MPA VRS % snilps & 3E LTz,
I b H MPA OKIEEE X 6 ng/ml, HEiEE T 150 ng/
ml CThH5.

CsA Bf : CsA DEFRM = 74l 100 ng/ml TH 5
T &, Tecelllcxd % 50% il E 1 50 ng/ml fij#%
THBT 5, CsAHANT X2 HARNSEFHNG]EE %
100 ng/ml & #&E"** Lo Nz e & L. MPA
DG L AR D 1/5 D CsA D JE T & (K
TR, S{5EEBELRE L. $5b b CsA DKiE
1% 20 ng/ml, &iEEE 500 ng/ml TH 5.

MPA - CsA FHI#E - FRIEREIC BT S CSAB XU
MPA O - H55 - SIBEZ SEERHICHAS DY,
9@ D DU G ZFE L.
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1)MPA 5 & U CsA DEREICHIT S DI DAIFE & SI
DEHA

A OBHANC X2 EER DI Z|EL, 75 71k
U 7z (Fig. 2). SEB HUHH| KD DI OF91E 7.2 T
Holz. TDFF 7D MPA BX T CsA HFHNH]HE
D SI25-S150-SI75 Z&HI L7z & T A, MPA Tid 54 -
18 - 6 ng/ml, CsA Tld 250+ 100 - 30 ng/ml TH - 7=.
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2) MPAB KU CsABREEICHITHREERNER b
95 I

W SEHN DR IE RN 2R 2 HEEDO A N FF L
(Fig. 3) I TET. B A FTT L TIEHEHE Mm%,
Fiif 13 intensity ZK L CH 0, MlaoHictiuve X
NS LDOE—73EITCERT B, fildnHomEE
WBE—7DHTEIN, UL E—7 D
TITEREINS. CSARGHTIIEREICEZIZERH
U7z HIaE S b LT s. F72iic MPA 5 8ET
WEEREIC IR 51 F ERRBEDN R L T05. ThiC
Ko THERMICZNZN DI NP LTV 5.
3) MPA, CsA DRERETFICHEIFZSIEER NS
LT & B REMmEIR OMRAE

SEB Hijhi#f, MPA Bf, CsA#f¥ KX U MPA & CsA
OOtHBHIC B TRIEERIEHZIE (Table) 2757
{t (Fig. 4) Lzt A, CsAHI# 5 ¢l 20 ng/ml
13 78.021+9.05, 100 ng/ml & 44.14+4.89, 500 ng/ml
1% 16.51+517 TH->7z. MPAZHIHT R LIckD
CsA {KIRE T & MPA RIEEHEFIC X D 61.03+8.03,
MPA ST 12232075 F IR R L. Cch
& CsA EEEHEM L HABEEOHMETH- /. Tnb
BUEARTSLTHSC EICED MPA & CsA DA
BRI K DM HDOIREN R TE S, 1 LERH
&9 (Fig. 5). {KIEE D MPA 6 ng/ml & H15 8
@ CsA 100 ng/ml DA GHE TIE ST 4025 TH
% W3 [E U MPA 6 ng/ml I &R D CsA 500 ng/ml 7z
HAGDE S LIRS ORIEIZ 2L I s
WAL SHIE19.26 ICIK T 5. —J7, (KIEED CsA
20 ng/ml IZ F1%5 & O MPA 30 ng/ml Zf#HA S HE S
LB E— 7 OHIIEEII AT A B U, f
RINCSIIE U2 F TR FLTWVAS. TSR
XD CsA ZEEET 2 DI X MPA OEIC K D iR
I SIME L, MilanZaeidifEhcnscen
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Fig. 2. Division index on multiple concentration of MPA and CsA. These graphs are
drawn after multiple concentration cultures on single dose MPA and CsA. SI 25, 50 and 75
represent 75, 50 and 25% inhibitory concentration of each drug.
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Fig. 3. Histogram of cell division with single dose of CsA or MPA. These histograms express the
characters for each drug very well. The upper histograms shows low dose CsA and MPA, and they
are almost the same division pattern. The middle histograms shows medium dose CsA and MPA.
These patterns are different. In the case of CsA, the number of cell division does not influence, but the
number of cells decreased. In the case of MPA, the number of cell division decreased, then DI also
decreased. The lower rows are high dose of CsA and MPA. In the case of CsA, the number of cells
decreased, and in the case of MPA, the number of cell division decreased more.

Table. Stimulation index on combination culture of MPA and CsA

MPA (ng/ml)
0 6 30 150
0 100 £ 0 71.27 *£11.55 23.63 +13.44 4.87 +£1.33
CsA 20 78.02 £9.05 61.03 +8.03 12.23 +0.75 4.03 +1.44
(ng/ml) 100 44.14 *+4.89 3941 *+2.43 8.23 +2.66 3.97 £1.33
500 16.51 *5.17 16.37 *6.66 7.03 +£1.12 3.57 £1.33

These were result of an individual dose of MPA and CsA. Stimulation index decreased on a dose
dependent on MPA and also CsA. Especially on CsA 100 ng/ml, there was a remarkable change from 6

to 30 mg/ml of MPA .

NTES. Tl AN T5 LK 0 fila s Zae O]
ICMPAR X O BIE LTV LIl TEDHERT
Holz.

z £

ik ARFE 12 DHERF U IHI L, TL-2 pEA 22 4]
9% CNI & T cell 33X B cell Dij# Ol 7% 410
B9 BB AR, BXUATaA4 RO 3HNCK
LHEEREDS RN TH 5. HEREGEEZ Y Fa—

VI BEEEEE, CsAx 71y LA ED CNI Tld,
1 Hp K 2 - WERE Hh AR T i AE (area under curve
AUC), #&5 2 KRtz Oy iR (C2) B KUK
b (b5 7)) AENFHE ATV E™ .
ULHL, TNHEEHICmPEEZIEL TWAICT
9, RERKEZEZEIEL TWHWE DT TR,
F 1z, EEBEHERE LTO MMFE 7 HF4 71
VRATHEA RICBEHLUTEEZZY VT DIEEN TN
DMWEIKTH S.
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—J7, ERICRIBIREZNET 245158 LT, B
BORBRE 2SERZ W) 2o SEREEGE RO S
1) > 8Bk i bty (mixed lymphocyte reaction: MLR) 7%
HB. TNHOMAEX, ZREOMBIENHIFIC X D P
ZRTTWBY NERZEEL T, T DRERIGZE
RTNDB 18, BEHHEEANC X 2 50 il ORh 2 fa s
ICH% T ENTEZRMUN D 5. —fkrici, CH)
thymidine uptake £ TN T35, THid, HieHE
D S (DNA &) ICBWTEIRINICED A N
HTEEMML, RAEINCZEEEE L 7 ICH D A
Fhiz CH) OBZHE LTV, NS
ELTENTWAD, BiEmofMingz Jisticilie L
TW5 728, FEKC E ORI L 7zDh (T cell, B
cell, x7a 7 7—7x0M), fMEHIfESH L Tz0H,
X7z, EOFFIMNEEER UAERZoME 2 < HEH
THHENTET, EOFEAZHEE L IIHETRE
O EHWTEDEFH LY. FD, L OEE
WEEFIMAEEE =2 7 DOHE/R CNI D5 &
FEAETT B LN TR IR K, BE O RRGE DA
fidkds DAEME LI K DM SO EEZ & > THIK L
TWBOMNEIRTH S.

SEOFBROHIE, BHEAEDOTRTHS T cell
D ZEHEIRRED AP HIHIFIOF AR 5 R F1F % CNI
ELTD CADEEZDN, TNE KBS H
HITH %5 MMF Qg oz Hli L, E55050
EENHF 2 Bk X B 2 D D H L & 75 B WA T
VTBHTETHB. e, HHAMICE CH) Tl
CFSE 219 % C lck v, RBEHERN TEICXS
PR RET ZHD RS, & 5IC, AHIZETRHEE
Tcell DHET BT, V2 SERFIEEEANE T cell
DR Z B FIRINC R % SEB™ &5 L,
Ml A REZE S % 751k & U THDEEZRD CFSE 7%
L, FACSOE AT T L Hh5 T cell DAL 2
DA% & FBEITHZ L T 2 Ml visual 12 TRIZE
TBHEeNAEEE o=, CFSE™™ o%id, Hif
N D plasmid ICHLDAE N, HIlEZ ORI FIC
TRENS. FARICaZEE LT intensity & % (1C
TEEENS. 2, 1EIHOHIK 2T intensity (&
1/2 13 L, 2 55249 g intensity (& 1/4, 3 [\
T 1/8, 4T 1/161IC LEZICIHEDPLTNL. TD
HeZzHHL, Mlans2disfe L To Division index
¥ X U Stimulation index Z & H{ U7z, SI DR 72T
Tld °H) thymidine uptake 7% & [AIA}1C SRA1 O R 7 Tife
BT BHTEMTERVD, FHEATDbNTWVWAEA
7 e RIRFIC L3 % 2 21X D MMF & CsA O
P EERT 5 M TER. I7%bHB, MMF Tl
MfanHa®NHEES NS DI, CAXANTILT
WA RTE— 7 OB AL, [
DE—IhEL 5%, —7, CsA T, MianHAk
MHEINS C Lidx L, 1L-2 DFHEIC X 5 BHEH
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Fig. 4. Stimulation index on combination culture of MPA
and CsA. Stimulation index(SI) gradually decreased with
the increase of each drug’s dose. Especially on the low dose
of CsA, SI decreased by using with the low dose of MPA
together with it, still more on MPA 30ng/ml SI was the same
as the high dose CsA 500 mg/ml.
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Fig. 5. Histogram of cell division with mixed dose of MPA and
CsA. These histograms are sample results of a combination
of MPA and CsA. The upper histogram shows a combination
with the low dose of MPA and the medium dose of CsA. SI is
40.25. Then the middle histogram shows combined with the
same low dose MPA and the high dose CsA. The number of
cell divisions are almost the same, but the number of cells
decreased, and SI decreased until 19.26. On the other hand,
The lower histogram shows a combination of the medium
dose of MPA and the low dose of CsA. The number of cells
are same, but the number of cell divisions decreased, and SI
decreased further until 14.22.
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TExL, M6 M7 £TIRILLUOARD, E—7
DEEMEL 5%, TDT S MMF & CsA DfE
HEEBLONEETHLZNEHNT S EHAHKS.
ULh L, SEOWMETIE, CANTTLDONRE—27%
Bt U CHEHGTT 22 L ETRESTHHROME
ELTHEREIN.

SEIOMFEOFERN S, K TO CsAD +T T
% 100 ng/ml & #& 2 % £ MPA : 6 ~ 30 ng/ml O #i
WICE RN H % EHEHI S NS, —7, MPA30
ng/ml IZ PCid % & D MMF ff I Tld CsA D ifi
HEZ LTSS TE TR ME s RN g5 n %
T EMHERIE Nz BN 0% TR T — X Tl
MMF O—H#&58% 1.0g-2.0g3.0g & L, gL
1z & T AL EOE O HBIRIEH | IFICK T
THTENREN. T, TP o - EHEMRR
EROFER T[RRI 2.0 g L THEICH#H S AME
T2 EMNHBHLTWVS. LHL, MMF20g &
3.0 g O MMF DL TIXAREA IR ENEZN o T
Zeh D5, EETIE MMF 0513 2.0 g /i TiTH
NTW3%. BfE, MMF OMmAfEEOE=2Y) V71X
— RN ITb N TRV, MMF 2.0 g &5 01
OMPA F T 7fEiZ2~3 pg/mBEELHREINT
Wb, o TC, HRTHREINTVS MMF EE T,
AWEZEcirH N7z MPA 30 ng/ml DEE L DD
FWLN)VTH 2T ENHERIEN, TDX S HIRMN
T, CsADEERENEDET 2 2 LD AHEL &
DS5%TEMREEINTZ. CNIIC MMF Z#f3 % C
Lok, MRS LIz o mEIEE
WA, ARFICEGYED SN Z < R->TWna. Thid
over immunosuppression IC X5 &EDTH D, AIHIEIC
IODEMITFENTZX DI, CsA DBENINETH - Iz
EEbNG. BifE, CsADRGEIFMAPEEDE=X
VT ORICKOFAMEIN TS D, oz
FEDIRIEL R L, BB S BOMREID TN T
LZONBURTHB. AR TRENTzT7O—H A b A
U —IC KBV 2 SERIEGEER OGS KD, ZAI0F
72175 T A& DEEOGEMFNRAED X O FHH
ICFHMECE, CyADEAKDEYIciThbNs LI
55T DRI NS.

SEOS%E, invitro ICBITAEBRTHO, Fi-
fEEAND T cell Icxtd 2 HIEERTH 5728, KT
DOBHEERZ DERNIC 351 % 50IE RS IEREC R L
TWVWBiRTIFEL, BERETIVE LTORAND 5.
EHERICWEZHIH T TOThI XU Th2 U1 S Ao
VHBEE 9% T I X D RRA R ARPEIRAEDEL T D ldds
BREDEIIL TV, 5%, HERBIUT cell HD
Avt Vv —RNALLTODYA FHA 2 DRIER
T cell LIS D 5 EEH S ML DO B 502 DWW T DR ETD
HBThsrLEZION.
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(1) 7a—Y A F X MU—=FHW\Y 2 BREHGEER
W& D, REIHLREEN X O FEHIC A T & % DM
B5T, FTONRA—=VERNB T LICKD, MMF &
CsA D EH 5 DHHFMN K 0 iz RIcEz 5 LT
L0 HIEENA M REE IR o -,

(2) HERICEB T, MMF Z -+ 8# 5 & N5l
TIE CsA IFDVETE T S ik R AR T &
BT EhHhREENT.
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