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

Hiroshi Asano (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(and6)-carboxy fluorescein diacetate succinimidyl ester (CFSE), cells
were cultured with Staphylococcus enterotoxinB (SEB) for 4days 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 71.27+11.55 at 6 ng/ml, 23.63+13.44 at 30 ng/ml and 4.87+1.33 at 150 ng/ml. The mean S.I. of
CsA group were 78.0219.05 at 20 ng/ml, 44.144-4.89 at 100 ng/ml and 16.5145.17 at 500 ng/ml. At the
combination of low doses of CsA and MPA, S.I. was 61.038.03. The addition of a medium dose of MPA
to the low dose of CsA decreased S.I. to 12.2310.75, 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 MMF 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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mofetil: MMF) D7z IcEA TN, UaiD 7 FF 4
TV VIR THHHEN S XSk - T i
& R BH K| T » %5 MMF (& Inosine monophosphate
dehydrogenase (IMPDH) 7 #&{REICHIHId % 7= tt
WNEERDN DR L, TG r[ReIc x> k.
TR XKD BN AREIHIENEENS XS5
R0 A SOS O HBIR G U, BREEEE O
ERRSNTVS (Table D*Y. LA L, Ay =a—
D VHESIE OGFHIC K T, 5 s H R AE D
FHEINDHE DR kv, ZBIC, ERREICK S
ERDONDEHYEOHBIREN T P LI L T2 <
75T\ % (Table 2)°.
TPEIREDE =2 Y Y MEL LT, YIRAKRY Y
(Cyclosporine:CsA) (Fig. 1A)”? &% 7 1) LA K% E
@ CNI T, 3Ry - e fR T e (area
under curve: AUC), #¢5- 2 K12 O3 (C2)
BRUOKBGHIMHPEE (FZ 7)) ZEMNRHINT
WBMP SIS EEERIE LTV RIS
XY, REEREZEENE L TW5 DI TIERW.
¥z, MEAKRMES L LTOMME (Fig. 1B)" 5
THFA TV N U TIEEHEHEDORENDSEZX
) 2T DFEN RN OWEIRTH 21710, HEEDBHIC
BT MMF #5582 [H5E U, CNI O HER L,
A5 DEFRRGE PRl 2 D B 7x Elc X v ks
DHEIEZE > THKIL TV 2DONBLRTH 5.

Table 1. MMF U AZA DM s his BT %

MMF AZA
1.0g3¥ | 2.0g8¥ | 3.0g3 | 4.0g3 | 1mg/kg
7| 75% | 44.4% | 20.3% | 0%
FA)Ah 19.8% | 17.5% 38.0%
IJ—AyN 17.0% | 13.8% 46.4%
Table 2. MMF & U AZA OIER] BT
AZA MMF2.0g MMF3.0g
Infections(%)
CMV 6 7 11
Herpes simplex 24 21 25
Hematologic(%)
Leukopenia 30 19 35
Anemia 10 15 9
Gastrointestinal(%)
Diarrhea 17 28 31
Nausea 20 14 20

—7, EHZICHIEIREZAET 2 H1EE LT, B
W& D EE Y 2 SERZE W T2 Y > SERJIEGR BRSO 1R
A 2Bk (mixed lymphocyte reaction: MLR) 7%
HB. TNHOMAER, ZROMIEHIHIFNC X D
ZZFTWBY SR Z LT, TORERIGE
HTWBTzD, HEHEEFNC X 2 Rzl O R 72 ke th
PINCHIZ T EMNTEZRMN S 5. —fkrncik, CH)
thymidine uptake £ b TWVW5. ik, HIfgHE
D S 1] (DNA &R ICHB W GEIRMICED A 1
LT EeZFML, R/ ZEE U 72 i D 5A
FNiz CH OBZNE L TWS. SIS
ELTENTWVSD, BiEmoOMingcz Baiicile L
TWaT78, RIS E DML 7zoh (T cell -
Beell- 77 7—7%0h), faEIFIESEL
D, iz, EOFEFINEEEH LIEATR 0N E 2
CHEWG 2HNTET, EOHKFEHEED L IEH=E
IAREZZDOMZHIWT B DIFTH L.

UL, BUNMERIAM CEORD D ICHIEMZET
% % CFSE (5(and 6) -carboxy fluorescein diacetate
succinimidyl ester) % e 70— kX kY — 171
WK% 2 SBREG AR ISR 0 S 2 — 2 72 il E
% ENTES. CFSE™™ DR #I%, MlEN
O plasmid ICHL DA N, M HDBRICEHEFIC
X5, EkICZEE L TO intensity & 51
liENS. X, 1EHOMAE 2 T intensity
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B)MMF1.5 g RO SR DO MHIREZEOZ L. 5% E0H
I Cmax &7 0 ZDHBEABIIK RS 5.
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W 1/21C A L, 2185 29 i intensity (& 1/4,

3 T1/8, 40 T1/161C & JEAZ I L T
W< (Fig. 2). CORMZFIHT 5L T7a—HA1 kX
F)—DUE AT T L5 T cell DRI A%

ERRICHAL TV S MIIEE % visual IC THBIZL,
OF e il R 2 X 0 FEC M d 2 2 & v
BEL 705 % (Fig.3). MMFiZ3Ia7 =z /— )L
(Mycophenolic acid:MPA) O 7T RS w7 TH O, #I1]
REZHSRMTIIK T RENMPA £ LTER L, 7%
ML T cell Z5EIRNCHIRIGT 2. 5], PHHFRGHHC
Bl 2 IR 2 MG 21cdH iz 0, S|
ELTMPA & CAZFHAL, A b=z VBT
Dt ;U 2 SERIC R 2 SEAIE S A7 Mk O 7> 240
HPRAER 7T —Y 14 N XA MU —THKEL, sHliL7zD
THET 5.

MNREFE

fREHEBEMEAN 29~345%) ZXRICA VT +—
LFarvty bz reigIicat 50 mERif UMk
CICHETEEREITS T2, NN VR ARMIMAE & 20
ml £% Bt L HISTOPAQUE-1077 (SIGMA #) 7% A\
Te lbE s OIS K 0 Bk i 2 70 i U 7z, $1CD3
Ptk (SIGMAtL) ZHwWwW/iz7a—4% A4 F XA h U —
(Becton Dickenson #f, ~w3> kw2l Cell Quest
software) IC KD Tcell W 8O~N0%ZFENT WS C
R LT, B ez #i{k Z &1 5 nM CFSE
(Molecular Probes, Eugene #1) 5 ul/1x10° DEET 5
S TEE IR Yt U 72141 24 well DEFEELIC 1 well
720 2x10° DM % RPMI-1640 (54 77 7
VIV 2Ut), ek ABRIT LT 2 > (SIGMA #)
300 ul, U >/ SERFIEA I K O s gl 2 hn 2 5 2
mlIZRE LT, 37°C, 5% CO? @/ 95%5&F Fic T

CFSE 5 carboxyfluorescein diacetate succinimidyl ester )

ZE%

/\ IEHH
"\

Fig. 2. FITC #)¢ta#& TH % CFSE &, HMIEZAD plasmid
ICHLDAE N, MRS HEHDOBICHFIC I E NS, FRRICE
L L TOintensity EHFICHEE NS, 1 EIHOMAES
4T intensity (& 1/2 1> U, 2 B9 29 N intensity &
/41 LER D LT L.

o

CFSE

T55

4 HRfIaEs 2 Uz, U 2 SERFIEG & LT THE
sz w344 (T cell receptor: TCR) 7% JEIRAIC KT %
Stapylococcus enterotoxin B (SEB) (SIGMA #) % 100
ng/ml DR THH L2, B ofiiaz R L
Ju—4 A FA M) =KD SRz RE Lz, M
e HE5EAE O FEATZ X R. Angulo 5" Ok A S ITH
sy 2455 (Division Index: DI) ZHl/Ed 5 &I KD
1o7z (Fig. 4. X7z, ZNZhOMEEEOSEM %
—IEIC T B T2 IR E (Stimulation Index: SI) &
B (Fig.5) L7z, SIi&, SEBIChIZ &M Ficfir
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Fig. 3. (A) EOKIEDHFTD L A N TS LTHB. 1) IS
BRDV3 249 % & intensity DIRWE— T DERR I N, 502501
DE—73EL %5, (B) HICHEANED & ©— 7 DA ED
intensity DRV A TAICER L T, E—7 D& T M
BawRL, ©—70IInHEZRL TN 5.
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Marker Left, Right Events] % Gated %JTotal Mean GeoMean CV __ Median Peak Ch

All 1, 991( 2749 10000 3746 677.50 187.82 19235 113.93 87

M1 2072, 3995 830 |J228 3199.81 314970 17.12 3292.90 3428

M2 1009, 2072 350 [0.96 1507.35 1471.65 21.70 1553.84 1826

M3 583, 100¢ 5! 215 059 755.96 74397 18.12 749.89 588

m M4 279, S8t 21 783 J2.15 38201 37349 2200 361.90 358

S M5 145, 27¢ 1577 J4.33 193.06 189.78 19.00 184.34 165
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DI =(100-Y) /Y
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Fig. 4. ThZNOE—7 ZKD XS Ic~v—F 27 L2 OHIFHICE EN 5 Mg of &% M1~ 6

& UL 5e% (Division Index: DI) ZEH U7z,

DI (MPA+CsA+SEB)
DI (SEB only)

Fig. 5. §li#35#4 (Stimulation Index: SD).

SI= X100

G IR IS 2 DI %, SEB HUMH#E:
DI TFRL, ZTOMROEDREERK L. SIIE Tcell
DRURERRZL TS, TOSIZFERE L LT MPA,
CsA OB X U HEG &R O ) 24| O IRRe 7z
AL L 7z,

AP G- DRNFUELL R OREC /730 TGS L 7z,
FHRRE © BEH PG Ui,
SEB HUMURE © S0y A 2 7 hnE 3" SEB 100 ng/ml
DIC K 2 572 U BE.
MPA B : ik FTld MPA @D T cell i ¥ 9 % 50 %
HH] P EE 136 ~ 30 ng/mlTH B LBIEE
M5, MPA BANC X 5 G R05EAHHIEE % 30 ng/ml
EREL, TNZEHEREE L. ThziiEr L
2%, 415, 5% 8f% 105 EERERIToIE
T A 5B ETHIl D HDZENRD ENIzT, HaE
JEE 0 1/5 O MPA 1% 72 KR Z, 515D MPA S
HEEEERE LR T4 B MPADKIERIX 6
ng/ml, iR 150 ng/ml TH 5.
CsA Bt : CsA DIHIKIN &~ = 7 E A 100 ng/ml TdH %
&, F=TcelllTxd 3% 50 %Ml 1 50 ng/ml
Hit6TH 3T &b, CsAHENT K 2 HRhHA ] 5
Ji£7% 100 ng/ml & 7E P LT hEEEi L L.
MPA D& & FIRRICHEERED 1/5 D CsA DL =
KR, S5MZmREERE L. §74b5 CsA DK
IR 20 ng/ml, SR 500 ng/ml TH 5.

MPA - CsA B EBE © FERIRREIC BT 5 CCAB KX U
MPA D1 « %% - S SEERNIHASDE, 9
B OOt G2 30E L.

fm R

1)MPA & T CsA DEEEICHITS DI DRIFE & SI
DA

SEAIOHANC X2 EER DI ZREL, 7571k
L 7z (Fig. 6). SEB Hijltfi| iR DI O 1-191d 7.2 T
Hote. TDFF7 XD MPA XU CsA HAHNHHI
D SI25+SI50+SI75 %Al L7z & T A, MPA Tl 54 «
18 - 6 ng/ml, CsA Ti& 250100 30ng/ml TH-7z.
2) MPAS LU CsABREEICEBITZEEERER b
95 L

it S D i R o FG 7 HER D A R 7T L
ICCTERT. B AT T LCIREHNSMIRE, Hed
intensity Z#£ L CTH 0, M2V A N7 T L
DE—=7IF FHICEKT S, filanHoEEiiE—>
DETEREIN, PRUHIKIIE -7 DmE TS
N%. CSAARGETIEEIREICEZ1ZERHR LT/
B LT3 (Fig. 7). 721 MPA# 58T
BEIREICE 51 ENHEEDBA LTS, T
X o THEMICZNZFN DIAHAD LT3 (Fig. 8).
3) MPA, CsA DREIRETICHITBSIEEA NS
LI & 3 RENHRORHE

SEB Hi#E, MPA #f, CsAEEFH KU MPA & CsA
DOUFRABEC BT B 5U2FER SI % Table 3 1IC/R9°. CsA
B 5 T3 20 ng/ml & 78.02£9.05, 100 ng/ml i
44.14+4.89, 500 ng/ml (% 16.51+5.17 TH > 7=. MPA
ZHHT BT Ll &k D CsA KIS T & MPA (i i
BEHIC & D 61.031+8.03, MPA H iR HfH € 12.23+
0.75 F TR N L7z, Chid CsAmEEHMX &5
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SESHIHIENTVE T LZRITHRTH T, Thb
D1z AT Z LTrd (Fig. 9. {KiEEO MPA
6 ng/ml & D CsA 100 ng/ml OFHAGHE Tl
SI & 40.25 T3 % /H'[H L MPA 6 ng/ml I @ D CsA
500 ng/ml Z#HA G % AT XD EENIIZLEd
R A U SLIE 1926 ITIK N LTz, —77, (KIRE
@ CsA 20 ng/ml | HHEEEED MPA 30 ng/ml Z A ED
5 &/ E— 7 ORI IR X RED A L,
ST 42 FTIK TN LTz, TNHDOFEHE I D CsA &1
B9 DI MPA DO &RIC K O HESEIC SIME R L,
MR AR I N TR EVERTES. £
L A 75 LK O Aae DI MPA DK D& <

T57

BG LTV LHWTEBHERTHo T,

z 8

AR RS R OMERF IR A L, TL-2 pEAE 2 4]
$% CNI & T cell 38K U B cell D Offfa 2474
il 9 2 AEE G RINHEF, BRUATHA RO 3 AN X
ZOEYEED RN TH 5. REEIRER TS % ik
E LT, BHIBOEZ VIRERE Wiz o7 SERFRE
FRERRPIR S Y > Bk )G (mixed lymphocyte reaction:
MLR) B%H 0, —f%icid, H) thymidine uptake 7%
MTbNTWa. Thik, KBINEMNFHETEE LT
BNTVEH, EOZKANEZEH LI RZDMN

9.5 CSA

100

MPA: 1 nM = 0.3 ng/ml

Fig. 6. i34 D HANC X 2 J=1EH] DI ZHflE L,

1000
(nM)

60nM = 18ng/ml

T ¥
1 10 1o 1000

(ng/ml)

100ng/ml

75 7{k Uiz, SEB BMHHEED DI O

72 Tholz. TDTF7LKD MPAB XU CsA HAHNHIRD SI25+SI50+SI 75 251l L7z & T A,
MPA Tl 54-18+ 6 ng/ml, CsA Tl 250+ 100 - 30 ng/ml TdH D, SI50 13 ik OBl & —3 L=,
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Table 3. SEB HUlifif, MPAf¥, CsATfi KU MPA & CsA OfFFRFIC I 2B IEH] SI

MPA(ng/ml)
0 6 30 150
0 100 £0 7127 +£11.55 | 23.63 £13.44 4.87 +1.33
CsA 20 78.02 +9.05 61.03 +8.03 1223 +£0.75 4.03 +1.44
(ng/ml) 100 44.14 +4.89 39.41 £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
e — R - LT 2 Mk visual I THIZRS % T & AVl HE
olz. Fie, FAMICE PH) Tld7x < CFSE ZffiH
95 T LI KO BEHERINTRRIC X e 728t ) 55
109 109 10° MRS, Hilas 2R L LT Division index 35 X
z z z U Stimulation index ZF H U7z, SI OFER7ZTF T
: : : : (°*H) thymidine uptake i% & [ SEHI DR 2 7R 9
g @ g 104 H BT ENTERVD, HEIITDNTVAH LA NS
g g g L2 FRIC IS % T L1c & © MMF & CsA DR
b . MPA (ing/ml ) 1014 MPA 6+ng/ml ) 10 MPA 32 ng/ml jd?\ﬁi@%’g\@‘%i C & b\f% fC. idjtfb%, Ml}‘/IF Tciffﬂiﬁ?
GsA 100 ng/ml CsA 500 ng/ml CsA 20 ng/ml DEBANHET NS DI, C AT T LTI D%
SI- 40.25 SI: 19.26 SI: 14.22 Eéﬁ%/‘?\‘j Eﬁb@éﬁb\%@i/}\@.é _‘7.5, CsA Tbi,
o o M HEHBEAEPHEESNS C &R, IL-2 DfHE
100 "

Number of cells Number of cells Number of cells
Fig. 9. (A) {XIB)Z MPA & 5 CsA DA A DH TIE
SLi% 40.25 TH % A, B) [ UAKIE & MPA IC 518 2 CsA
FHAEDLE S LIS HOBIEIZZEE T LD I
AU SLHIZ19.26 ICHX R L7z, (C) — /4, RIS CsA I
HE MPA Z A A b % L HREIT A 3 0 HEED
WAL, SIi 1422 FCEFLT.

BRLHNTZ2ENTET, LoFEFEHEL LR
WEITRZRONZHWIT 2DITH L. ZD7zo,
2 OEEEEHMAPEE T =2 > 7 OnlEE/ CNI
O 5-82 T 2 NS IR, BRE DGR
RPN DA M7E Sl K D IS OEER & 5
THW L TOWZDONBIRTH 5.

SEOEERO HiNiE, BREZEO TR THS T cell
D ZEFIRREN U PEIHIFI O 5 NI k1) % CNI
ELTDCADFEZDN, TN KBS KRHE
#lTdH 5 MMF O8O 7Z2HK L, 5500
FEHNHIF 2 B & B 2 D H L & 7% % ME )T 17
VT BRI ETHD. RUFFETIERFRE UTRRN R
F—HUFERED BN TH 2D | BBEBRO X 51
RF—HF TIAEE LEWIEEZRUE U | (AT
RO O T cell DR EZ AR FIRINCHIILT S
SEB*™® Bl LTz, FI-HilanaezillEs 3 5k
& U TR O B i 72 F)E 2 BRI b % i
YD CFSE ZfEH L, 7a—Y A hA M) —0Dt
ANT I L 5T cell ORMIfA 7 S D [A1%L & SZFRIC 7

ICKBBER I Z BbNE®I, L ART S LTI,
M1/p5 M7 £ CTIRILK OADD, E—=T7DEIH
K<7%%. cOTLhHh B MMF & CsADIEfZ EH
ORERTHZhEHWT S ENHKS. UL,
SRIOWMFTIE, AR T LONZ—2EHEIEL
THEMET 2 L ETRESTSBOMEL LT
N
SEIOMEOFERN S, FHIKTD CsAD b T 71
% 100 ng/ml & # 2 % & MPA : 6~ 30 ng/ml O i
NICESEEEN D % EHER SN 5. —75, MPA 30
ng/ml IZ VL9 % & 0O MMF ff F I Cld CsA D ifii
BEZENSETE TORAEIHIENME S NS
CEMHEIE N, HEN Y OF T HRERT— 2 Tl
MMF O—H#&58% 1.0g+20g-3.0g & L, LKL
fz & T ARG O HBTRIE H BRI FEIICE T
TBHTEMNRENE T, WYY o EERRR
DFERTE FIREIC 2.0 g DL THBEITH SV
TTBENHPHLTWS., LML, MMF20g &
3.0 g D MMF DOt TR EEAEERDLNEh -T2
ZEMS, BKTIZ MMF O#513 2.0 g #itt Tirb
NTW3. BE, MMFOIMHFEEOE=XY) > 75
RN TWRWA, MMF2.0 g #5 O Ifi
10D MPA b5 7{f1% 2~3 pg/ml B L 5 TN T
W5, fEo T, BKRTREEN TS MMF B,
AL i N7z MPA 30 ng/ml DEEZE X DA D
WLV TH ST ENHERIEN, TDXK S IRM
TlE, CsADEEENZOET 2 EHAHEL &
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D353 EMREEINTZ. CNIIC MMF Z{tH3 % C
LI KD, MRS Lz v i iEE
WA, [AIRFICEEEDSHMNZ < Z>TW4a. i
over immunosuppression IC X2 &EDTH D, ARHIZLIC
EOEMIFENZX DI, CsA DWENKRETH - 1=
LBbns. BUE, CsADFGRIFMPEEDE=X
VT OMBICK ORI EN TSN, Foz i
EOEEIZR L, BRENICRSEDORFEIN ThbhTw
ZDOMNBIRTH 2. AR TRENTZTO—T A F X
FU—IC K2V VBRI OB A KD, ZHI0F
72175 T 2l 4 D EE O REHIHIRREN X O 35
ICRHTE, CyA DjkEA & bEyIicirbnsd K91
BAHTENHEEINS.

Slal DRI, invitro ICBIT 5 HEETHD, T
f#HE AND T cell 1T 2 HHEAERCTH 5 728, KT
DR DHEARNIC I B PG IEREIC s L
TWBIRTIE AL, EBETILE LTOIRAND 5.
HERICIEXZAFH T TOThI X TG Th2 U1 M A A
VHBEET B T 2T K DERR IRPEIRAEAVEL C D idds
BHEOBOLLTWVWS. 5%, BERBIU T cell D
Avt T ¥ —RNA L LTOYA bHA 2 ORES
T cell DI D s 1 B H A D BE 512 DWW T DG D 6
HThHsdLEZILN.

(LD 7a—Y A b A MU —=ZHWzY > SEREIGE SR
KD, REEHHNREED X O FEMINC RN T & % D M
B59, FTONRR—2VEFNB T LICXD, MMF &
CsA D E B 5 DHHFM K 0 il RIcEHzE 5 LT
D HIREHS Z EhnlEEL T o T,

(2) BRIRICHBWT, MMF % 9 &#R5 T NIziER T
& CsA XD ETE T A mBEIHIR RN AR TE 5%
T EhIREENT.

E I

Mz ABICHIZD, W7elh» & Ul ER
REEHER « —fRIVRZ2EEE /IR RS KO,
[FZEE N BRI L XY, MTIC, R
(A D TR T 3 T EERZE T RIS i R T RE R
KE BRAIEHHLUET.
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