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Pharmacodynamic Monitoring of Calcineurin Inhibitor in
Pediatric Kidney Transplantation
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Background: Introduction of calcineurin inhibitor (CNI) has markedly improved the outcome of kidney transplantation. While
therapeutic drug monitoring is used to adjust the dosage of CNI, some patients, particularly children, still suffer from rejection,
infection, and CNI toxicity. This study was conducted in order to assess the adequacy of immunosuppression using pharmacody-
namic monitoring.

Methods: Pharmacodynamic monitoring was performed for 64 pediatric kidney allograft recipients. Expression of nuclear factor
of activated T lymphocytes (NFAT)-regulated genes in patients' mononuclear cells was measured by quantitative polymerase chain
reaction of interleukin-2, interferon-gamma (IFN-v), and granulocyte-macrophage colony stimulating-factor before (trough) and
1.5 hour (peak) after ingestion of tacrolimus and the residual gene expression (RGE) was calculated. Global immune response
was assessed by Cylex-ImmuKnow assay. Trough and peak levels of tacrolimus were measured and clinical findings of rejection
episodes and infectious complications were reviewed retrospectively.

Results: Global immune response measured bylmmuKnow did not show correlation with trough and peak levels of tacrolimus.
Adenosine triphosphate level of InmuKnow was higher in patients with Epstein-Barr virus (EBV) infection than in those without
infectious complications (515.4+ 149.0 ng/mL vs. 342.7 +155.3 ng/mL, £=0.006). Mean RGE of the three NFAT-regulated genes
showed negative correlation with tacrolimus peak levels. RGE of IFN-y was lower in patients with other infections except EBV
than in those without infectious complications (34.0% +7.5% vs. 56.0%+30.2%, P<0.001).

Conclusions: RGE of NFAT-regulated genes and ImmuKnow did not show significant correlation with clinical manifestation of
under- or over-suppression of immune function in pediatric kidney allograft recipients. Further studies are required for develop-
ment of optimal pharmacodynamic monitoring for pediatric kidney transplantation recipients.

Key Words: Kidney transplantation, Calcineurin inhibitor, Pharmacodynamic monitoring
FA dol: Aol ZAFAAAA, sty BUEF

Received February 25, 2015, Revised February 26, 2015, Accepted February 26, 2015

Corresponding author: Hee Gyung Kang
Department of Pediatrics, Seoul National University Children’s Hospital, 101 Daehak-ro, Jongno-gu, Seoul 110-744, Korea
Tel: 82-2-2072-0658, Fax: 82-2-2072-0274, E-mail: kanghg@snu.ac.kr

Copyright © the Korean Society for Transplantation, 2015



N B

2o Aol 4] hrtof A o] A AIAS] A&l SISt
HAAAA ] ARG 7]7bo] AojA|aL Qlrt. o] whet
o|4 & F& A, HAAAIA Y oFE 549 F2t
FHEC] S7IsHAl Har o] 4 2hxpe) 4he] e ofe
|2 A "ek(1-5). 53] 2o} o] A2ha}o] ., o] 4]
719 FA} A A WS A&dok sk o] A
A A Zufo] 2] A(cytomegalovirus, CMV), A E}eld} v}
o] & A (Epstein-Barr virus, EBV), BK H}o|#{ A & AbA) v}
ojg|2o] g eo] gl A7 WerER gt W o
AE faste] F4A R A4 Hds =rstal 7|3dd
& alof gk, g, 2ol o AL Wl Az
A9lof vl BAZo|T o AA & o Ml WA
A7b fpEE, Ao satelH Mg WA} B
Q3}c)

Cyclosporine, tacrolimus 52| ZFA] 5+ A A
o]4] wejol A m thsio] o] 4] Bjol 4] AL
o 2RO AAE T 927 ) 2150 &
AR BAANE S LEIEh lir ol
HA @ % WOy} &7 ok H.gak o5t

o} 451 A7) Lo, cytochrome PASOE 53 clA45
= ool Ao Aol Uehr| miel, @5 ofE
S 249 59 R4 obE SE wUEYo] Baaol
THE). shAIuk ZAl Rl AlAle] AR make] 2R AME
S Gl WF BE 24 WL A1e] oFEeh B

u} 5 2 o Aojnz, 4olyt ofE o
]_
_]

o oo i (B
mlo _12 2

El

ek

ol

OPO fr
X i,
fd

off 1o 19 0 ot

3
A

Ngmlo

-

n

A

pass

M e r
o

_]

010 i
O o Flr

mﬁi‘w
> ol
2 N H A

o] th= A}l A o]E AR 0] 83 AL
Ao ko). Eak ZA A A harel Tl
2Q3%F @49l CYP3AL} P-glycoprotein gene®] poly-
morphism®] 2po| & oF=0] thAbo] 7|Ql 7ke] Zpo|7} Q1S
m oolgt ¢1F 7ho] Zol7} gtk LA 9o 2(10),
o ghaktol A o] 5ol dasttt sHlth
HH, ZAFEAAA S EF sew WA Fx=et
v g8} FoR(11) ofEahad muUE LS Eai4] 2
5 §A5H FOIE o4 ARG} PHEL
S g A9} ol olol ZAlalelA Ao okest
HYEPS Aleshs dvso] 9Aglen wl= Food an
Drug Administrationof| A= H & A 2hA}of| A A ZH 7
2 BH7}eF 4= 9)= Cylex-ImmuKnow (Cylex Inc., Co-
lumbia, MD, USA)E 20029 3|7}8F v} 9Jth(12-14). &3k
SRIME 1HY) o)4) BRolH AR T
Z o] == nuclear factor of activated T cells (NFAT)-regu-

<%k e

i)

o off
2 & =R}

Yo Han Ahn, et al: Pharmacodynamic Monitoring of CNI in Pediatric KT

lated gene®] W& 7@5% 7}l 04:rL£o] 9JtH15-19).
o717 ejef

HA Ao w2 AR Hsle] 2L (1) Foto] &
ol 3o o] CMV, EBV, BK Hlo]2| A titero] Hal2
2435193, (2) e A Hrkel Asierr HAp
(C-reactive protein, A« HjSF %)% 3l Hrhstyor,

O

atiine 592 ol41419] *JEH% kst

ARbee agk gha, W, o] 44le) o, B
&3 blood urea nitrogeni} creatinine A}41} A Al xS
o 9 AMES Fotel Wk daL
BK sholel tiere] 37} i 9IS 25t dgoz
Aot

Hlolg| A Y-8 ZHZF EBV polymerase chain reaction
(PCR) viral load 10,000 copies/mL ©]A}¢l 79 BK H}-o]
| 2 viral load 10 copies/mL ©|A}Ql A, CMV & A AL
(antigenemia assay)A}; 4174o]4] A CMV immunoglobulin
G (1gG) °FAQl 3hapo 4] 400/2X10° white blood cell
(WBC) o]AF = Al o]l A CMV 1gG 24401 $x}of| A
2/2X10° WBC o|4Fel Aoz #olatgit}.

3. ZARRHAL FFeHH BLIEY
ZAFAAAAY BF B BHL BARTAAA
B8 Adv 2g 1A7E 308 5 Aastgon Aedyet



J Korean Soc Transplant - March 2015 - Volume 29 - Issue 1

WH Y Aol AHA SO A chemiluminescent micro-
particle immunoassay¥-2 ©]-&3}o] =A3}3ich
4. NSRRI otSH TLIEY
1) T-HE Hel5 Al

483t o] Q= Cylex-ImmuknowE ©]-§35to] Txd
M L o] CD4 T YEZF(CD4 cell)of| A adenosine tri-
phosphate (ATP)2] 352 H 76t cH12).

2) NFAT-regulated gene monitoring

3kx}9] EZ\_QOH LS phorbolmyristate acetate =
A=A T 2A A 2] EHo| = NFATO] o3
ZAE)E= §AA}, = interleukin-2 (IL-2), granulocyte-
macrophage colony stimulating-factor (GM-CSF), interfer-
on-gamma (IFN-y) 9] ¥+4 A= E real-time PCR2 Z73}
1 tH19). NFAT-regulated gene &d Ar= ZAHHYA
AA] ZH(CO)2 Fo] LSAIZE S(CLS) SRR em |
g olA| 2] AEL= residual gene expression (RGE, C1.5/C0X
10002 B7}skATh(18). 3714 §-A2Y] Hd J=E Ht
3}o] mean RGEZ X & 3}%ith

5. §AEA

SPSS ver. 21.0 (IBM Co., Armonk, NY, USA) 5}7] %=
olg-5to] BARAE AFetsct. vols} 717he
389 290 4 Wgt Bt EREAR EAISHY
o} JAFAZA H] W= Student t-test ( A4 W) = 7)o
A% BROIAGH B2 ool P atol 005 o

Zo}7F

1. ATUY B EX
F 029] o} 410l FAEo] Aol Hofaheiet.

of H|E&2 3527901 A A FHAHS 1294(4.1~
1924 % 00 Ao A 7] 7He Za}zke 2.919(0.2~10.9
Wolglch WIARAY Yolo Rl TRFHF 234%,

S AES AR SS 17.7%, 774 AEHS 17.7%
gon] Agol4] 3 welolAAlE ZArAAA ° my-
cophenolate mofetil (MMF) A}g8-0] 60.9%=% 7}3 &3}%
oh % 1283 ZARAAA Y BE RS B9
] 12238]= Al AAA 58 A% E5 s=0|H 63
88 4 8% vk 24E 0k Imuknow 34-& 99

3], NFAT-regulated gene LU E T2 953] A= }ic) H

o

18 JKST

AF A A BATE QYA AEE ST AeE 104
A7}

5], o] 47 RNHS-S wel F 9l 83, 7] =
79 168G TH(Table 1), 0] 41754182 19l
ol eHgE $X59 tholrrt oy
(15.4+3.44] vs. 12.4+3.04), P=0.037) 7o) gl
Bel Holsf el @Rl el wef 9ot
9= zpoli= ¢1ATH10.8+4.04] vs. 12.4+2.94), P=0.051).

5k
32
o o [o m ¥
X " e

047\1111] =8 xlx{/l 5’\]@ < a% =5 =9} NFAT-re-
gulated gene©] RGE (%)o]| A= GM-CSF RGE7} 24 2]
ANSAZE & 5 d=sE9 9on] o= 4ddA7E o

Table 1. Characteristics of patients (n=62)
Characteristic Value

Gender (male:female) 35:27
Age (yr) 129 (41~19.2)
Time after kidney transplantation (yr) 2.9 (0.2~10.9)
Cause of ESRD
NPHP/MCKD
Focal segmental glomerular sclerosis
Reflux nephropathy
Renal hypoplasia/dysplasia 7 (11.3)
Unknown 5 (8.1)
Others 13 (21.0)
No. of drug monitoring 128
Age at drug monitoring (yr) 129 (4.1~19.2)
Immunosuppressant regimen

15 (24.2)
11 (17.7)
11 (17.7)

CNI+MMF 78 (60.9)
CNI+MMF+steroid 31 (24.2)
CNI+steroid 11 (8.6)
CNI only 6 (4.7)
CNI+azathioprine 2 (1.6)
Infectious complications at drug monitoring
EBV infection 8 (6.1)
CMV infection 2 (1.5)
Viral gastroenteritis 3(2.3)
Upper respiratory infection 3(2.3)
Rejections at drug monitoring
Acute T cell-mediated type 4 (3.1)
Acute antibody-mediated type or mixed 4 (3.1)

Data are presented as median (range) or number (%).
Abbreviations: ESRD, end stage renal disease; NPHP, nephrono-
phthisis; MCKD, medullary cystic kidney disease; CNI, calcineurin
inhibitor; MMF, mycophenolate mofetil; EBV, Epstein-Barr virus;
CMV, cytomegalovirus.
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Table 2. Correlation between pharmacokinetic and pharmacodynamic monitoring of calcineurin inhibitor

ImmuKnow
IL-2 RGE
IFN-y RGE
GM-CSF RGE
Mean RGE

Tacrolimus through level

2
T

0.001
0.001
0.003
0.046
0.011

Pvalue

0.757
0.764
0.620
0.037
0.312

Tacrolimus 1.5 hr level

2
T

0.021
0.021
0.041
0.066
0.060

Pvalue

0.167
0.174
0.055
0.015
0.019

Abbreviations: IL-2, interleukin-2; RGE, residual gene expression; IFN-y, interferon-gamma; GM-CSF, granulocyte-macrophage colony

stimulating-factor.

Table 3. Results of pharmacokinetic and pharmacodynamic monitoring according to the clinical status

Variable

Age (yr)

Duration after TPL (yr)
Gender (male:female)
ImmuKnow (ng/mL)
IL-2 RGE (%)

IFN-y RGE (%)
GM-CSF RGE (%)

Mean RGE (%)

Tac trough level (ng/mL)
Tac 1.5 hr level (ng/mL)
Tac dose (mg/BSA)

Tac 1.5 hr level/dose

Data are presented as mean=+SD.

Stable (n=104)

124£29
36124
56:48
344.5+£152.9
50.9+62.1
56.5+£29.4
54771644
5401422
4.27+1.60
12.35+4.3
3121142
4.62+2.52

Infection (n=16)

10.8£4.0
3.0£23
11:5
412.1£168.0
23.8+28.0
50.9£29.7
41.5+37.8
38.7+27.0
420+1.62
14.08 £6.69
2.84+£1.50
5.86£3.18

Rejection (n=8)

145+2.3"
38+23
6:2
320.24£211.0
46.4+22.5
5291451
322+27.1
43.8+£28.7
4.34+1.60
10.99+6.66
2.90£0.94
393+2.11

Abbreviations: TPL, transplantation; IL-2, interleukin-2; RGE, residual gene expression; IFN-y, interferon-gamma; GM-CSF, granu-
locyte-macrophage colony stimulating-factor; Tac, Tacrolimus; BSA, body surface area.
4P<0.05 compared with stable group.
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Table 4. Results of pharmacokinetic and pharmacodynamic monitoring according to the causes of infection

Variable Other infection (n=7)

Age (yr) 13.3+39
Duration after TPL (yr) 23+1.7
Gender (male:female) 5:2
ImmuKnow (ng/mL) 283.0+101.7
IL-2 RGE (%) 13.1£18.0
IFN-y RGE (%) 340+75
GM-CSF RGE (%) 33.7£33.0
Mean RGE (%) 269+16.6
Tac trough level (ng/mL) 4.73+£2.35
Tac 1.5 hr level (ng/mL) 15.23+7.05
Tac dose (mg/BSA) 341+1.73
Tac 1.5 hr level/dose 492+1.87

Data are presented as mean +SD.

No infection (n=113) EBV infection (n=8)

12.6+2.9 82426
37425 27+12
63:50 5:3
342741553 515.4+149.0°
50.24+59.7 34.4+36.7
56.04+30.2 69.3+36.7
52.54+62.5 573+41.1
52.9+412 53.74+32.0
427+1.59 3.9440.76
12.20+4.51 13.93+6.75
3.09+1.40 2.55+1.20
4.58+2.48 6.67+4.13"

Abbreviations: EBV, Epstein-Barr virus; TPL, transplantation; IL-2, interleukin-2; RGE, residual gene expression; IFN-y, interferon-gamma;
GM-CSF, granulocyte-macrophage colony stimulating-factor; Tac, tacrolimus; BSA, body surface area.
4P<0.05 compared with no infection group; °p<0.001 compared with no infection group.
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