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Toxicity Study of Cytokine Induced Killer Cells in Immunodeficient NPG Mice

HUANG Ying', LIU Jingwei®, HOU Tiantian', WEN Hairuo', QIN Chao', LU Xu**, GENG Xingchao'" (1. The
Beijing Key Lab for Pre-clinical Safety Evaluation of Drugs, National Center for Safety Evaluation of Drugs, National Institutes for Food
and Drug Control, Beijing 100176, China; 2. Karh Biohealthcare Biotechnology ( Zhejiang) Co. ,Lid. , Jiaxing 314100, China)

ABSTRACT : OBJECTVIE To provide safety basis for clinical application, and evaluate the toxicity CIK cells by repeated adminis-
tration of CIK cells in severe immunodeficient NPG mouse model. METHODS The NPG mice were randomized into two groups: the
main experimental group and the satellite group. Each group was divided into vehicle control group, low dose group (2 x 10° cells per
mouse) and high dose group (3 x 107 cells per mouse). The CIK cells were given every two weeks for 6 times with 28-day recovery.
During the experiment, the clinical symptoms, body weight and food intake were observed in the main experimental group. Blood sam-
ples were dissected and collected at the end of the administration period and recovery period, and the hematology, serum biochemical
examination, cytokine detection, organ weighing and pathological examination were performed. The blood samples of satellite animals
were collected to investigate the distribution of CIK cells before the first and last administration, 3 h, 1 d, 3 d, 10 d after the adminis-
tration, and after the recovery period. RESULTS After repeated administration for 6 times at low dose, no obvious toxic reaction was
observed in mice. A few CIK cells were detected in the blood at 1 day after the first dose and at some time points (3 h, day 10, day
29) after the last dose. High levels of CIK cells were detected in the blood of mice after repeated administration of 6 times at high
dose. The levels of IFN-y, TNF, IL-10, IL-2 and II-10 in serum were increased. At the same time, significant graft-versus-host dis-
ease (GvHD) reaction was observed in mice, including the changes of clinical symptoms, body weight, food intake, hematology and
serum biochemistry, mixed cell aggregation and GvHD-related lesions occurred in multiple organs of animals. CONCLUSION The
data from the study indicates that no significant toxic reaction was observed at the dose of 2 x 10° cells per mouse ( the clinical dos-

age). GvHD associated with xenotransplantation was observed at a dose of 3 x 107 cells per mouse, and no other related toxicity was
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observed. These data will facilitate CIK cells to enter into clinical trials.
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Fig.1 Animal grouping, dose setting and toxicological detection index setting of severe immunodeficient NPG mice
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Fig.2 The clinical symptoms of NPG mice after administration of CIK cells
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A —weight of male animals in dosing period; B — weight of female animals in dosing period ; C — weight of male animals in recovery period; D — weight of female animals in re-

covery period; VP <0.05,2)P <0.01, compared with the vehicle control group.
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Fig. 3 Changes of body weight after repeated administration of CIK cells
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A —food intake of male animals in dosing period; B —food intake of female animals in dosing period ; C - food intake of male animals in recovery period;D — food intake of fe-

male animals in recovery period; )P <0. 05, compared with the vehicle control group.
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Fig. 4 Changes of food intake after repeated administration of CIK cells. n=12,x £
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Tab.1 Results of serum biochemical examination after repeated administration of CIK cells in NPG mice. n=10,x =5

Gender

Male

Examination

1 d After the last administration

End of recovery period

Period group

Vehicle control group

Low dose group

High dose group

Vehicle control group

Low dose group

High dose group

GGT/U - L~! 0.81 +1.00 1.18 0. 39 2.45 +1.082) - - -
LDH/U - L-! 739 205 730 +240 1081 +2911) 1 637 683 793 +320 509 +2951)
TBIL/ wmol - L~! 5.35+1.04 5.18 +0. 87 2.97 £0.51%) - - -
BUN/mmol - L~! 7.3+0.9 7.0+1.0 12.3 £2.7%) 8.0+0.5 7.7+0.9 13.8 +0. 8%
GLU/mmol - L~! 7.63 +0. 82 8.42+1.84 5.93 £1.261) - - -
CHO/mmol « L~! 2.21 +0. 47 2.15 £0.30 1.39 £0. 052 - - -
TP/g - L-! 50.5+3.6 47.8 5.1 42.7 +3.2%) - - -
ALB/g - L~! 20.8+1.6 19.8 +2.2 16.9 +1.52) - - -
A/G 0.70 £0. 03 0.71 £0. 04 0.65 0. 05" - - -
K*/mmol - L. ~! 5.23+0.39 4.63 £0.79 4.06 +0. 602) - - -
Na*/mmol - L~! 153.7 1.7 153.8 +2.8 158.9 +4. 0% 153.8 2.0 155.2 £0.9 158.9 +0. 62
Cl~/mmol - L~! 109.9 1.3 110.3+2.3 116.4 £4.12) 114.0£3.0 113.8 0.9 119.8 £0.4Y
CK/U - L-! - - - - - -
ALP/U - L~! - - - - - -
TG/mmol « 1,1 - - - - - -
LDH/U - =1 1165 +229 926 + 166 755 +£3042) - - -
TBIL/ wmol - L~! 4.68 +1.03 4.82 +2.90 3.50 +1.041 - - -
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4F3R 1( continued )

Gender Female

Examination 1 d After the last administration End of recovery period

Period group Vehicle control group Low dose group High dose group Vehicle control group Low dose group High dose group

BUN/mmol - L~ 7.2+1.0 7.9+1.4 9.5+1.7% 9.4+2.2 9.5+2.9 25.5 £10.2%)
GLU/mmol - 17! 5.25+0.93 6.79 +1.191) 6.79 =1.29") - - -
CHO/mmol « L~! 1.30 £0.21 1.59 +0.311 1.32£0.25 - - -

TP/g » L1 - - - _ _ _
ALB/g - L-! 21.7+1.9 21.2+2.1 18.9 +1.1% - - -

A/G 0.85+0.05 0.81 =0. 07 0.74 +0. 042 - - -
K*/mmol - I ~! 5.23+0.39 4.63+0.79 4.06 +0. 602 - - -
Na*/mmol + L~! - - - - - -
Cl~/mmol - I.~! - - - 113.5+2. 4 114.5 2.7 124.1 +3.0%)
CK/U - L1 255 +72 223 +43 172 +761) - - -
GGT/U - L~! 1.37 £0.55 1.43 +0.73 2.34 £0.72%) 1.81 +0.33 1.79 +0.36 2.72 +0.59"
ALP/U - L-! - - - 54 +15 44 +10 113 £372)
TG/mmol « L~! - - - 0.56 +0. 15 0.67 +0. 10 0.17 +0. 10V
1 : GGT — 2 S k4% KA ; LDH — FLER M ZURG ; TBIL — SHZLE ;BUN - JREE; GLU — i ; CHO — IR S TP — SR T ALB - B8 HA/G - B A/BRIE R
CK — LR BN ; TG — Hith =16 ; ALP — Bl PEBE RRHE ; 55 B4 EL, D P <0.05,2P <0.01,

Note : GGT - glutamyltranspeptidase; LDH — lactic dehydrogenase; TBIL — total bilirubin; BUN — urea nitrogen; GLU — glucose; CHO - cholesterol; TP — total protein;
ALB - albumin; A/G — albumin/globulin; CK - creatine phosphokinase ; TG — triglyceride ; ALP — alkaline phosphatase; P <0. 05, 2)P <0.01, compared with the vehicle

control group.
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Tab.2 The results of the hematology examination after repeated administration of CIK cells in NPG mice. n=10,x £

Gender Male Female
Group Vehicle control group Low dose group High dose group Vehicle control group Low dose group High dose group
Lymph/% 72.3+3.1 73.5£5.2 88.4 +10. 82 71.5+5.8 68.4+7.8 90.5 +3.5%)
MONO/10° - L.-! 0.01 £0.01 0.01 £0. 01 0.07 £0. 05" 0+0.01 0.01 £0.01 0.04 +0.012)
HGB/g - L.~ ! 125 8 125 £6 91 +27Y 125 6 121 7 74 +242)
HCT/% 39.8+2.3 39.7£2.0 28.3 +£8.41) 40.0 2.3 39.2+2.4 24.1+7.79
MCV/fL 56.3+1.9 55.1+1.5 52.0 £1.5%) - - -
MCH/pg 17.8 +0.7 17.3 0.4 16.6 +0.52) - - -
PLT/10% - L1 742 +150 804 +307 394 + 187V 742 128 785 £56 316 +2332)
MPV/fL 6.9+0.3 6.7+0.3 7.5 +0.6" 6.9£0.4 6.8£0.2 7.8 +0.2%)
Baso/ % 24.3+3.4 24.6 +5.5 7.8 £11.1D 26.2+5.7 29.4+7.5 2.3+3.6%)
MONO/% - - - 0.7+1.3 .2£1.2 6.5+4,7%)
Baso/10° - L~ - - - 0.14 +0. 08 0.21 0. 08 0.03 +0.05")
RBC/10'2 - 1,-! - - - 7.22+0.43 7.03 £0.51 4.39 £1.332)
T : LYMPH — gl ik L 402 ; MONO — SAZAT; HGB — T8 (v L HOT — LA B MOV — LA 34 (B MCH - ZTA0EF- 34 M0 1 8 P 4 PLT — /MR
MPY — P11t /MR AR BASO — BE BRI ; RBC — ZLANY; S B L, D P <0.05,2)P <0. 01,

Note: LYMPH - lymphocyte; MONO — monocyte; HGB - hemoglobin; HCT — hematocrit; MCV — mean corpuscular volume; MCH — mean corpuscular hemoglobin;
PLT - platelet; MPV —mean platelet volume; BASO - basophilic granulocyte; RBC - red blood cell;! )P <0.05, PP <0.01, compared with the vehicle control group.
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IL-2 - 4 25 S AR L, D P <0.05,2P <0. 01,

A -30 d after the first administration; B —1 d after the last administration ;C — end
of recovery period; IFN-y — interferon-y; TNF — tumor necrosis factor;IL-10 — inter-
leukin-10; IL-6 - interleukin-6; IL4 - interleukin4; IL-2 - interleukin-2;
P <0.05,2P <0.01, compared with the vehicle control group.
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Fig.7 Detection of human cytokines in serum of NPG mice at

different time points after CIK cells administration. n=10,x s
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A =30 d after the first administration; B =1 d after the last administration; C - end
of recovery period; IFN-y — interferon-y ; TNF — tumor necrosis factor; IL-10 — inter-
leukin-10; IL-6 - interleukin6; IL4 — interleukin4; IL2 - interleukin-2;
IL-17A - interleukin-17A; IFN-6 - interferon-6; IFN-4 - interferon4;

IFN-2 - interferon-2; ) P <0. 01, compared with the vehicle control group.
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Fig.8 The results of determination of mouse-derived cytokines
in serum of NPG mice at different time points after administra-

tion of CIK cells. n=10,x +s
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A —lung in vehicle control group; B —lung in high dose group, severe mixed cell aggregation; C — thyroid in vehicle control group; D — thyroid in high dose group, moderate

mixed cell aggregation; E —kidney in vehicle control group; F —kidney in high dose group, minimal mixed cell aggregation; G - spleen in vehicle control group; H - spleen

in high dose group, mild mixed cell aggregation.
9 CIK %1 L iE 4t J& 51 K oy 41 A KR
Fig.9 Histopathological changes induced by CIK cell injection
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Tab.3 NPG mice developed GVHD associated with CIK administration

Frequency of lesion

Male Female
O.rga_n Relz.lted Degl\.ee of Vehicle Low High Vehicle Low High
/tissue lesion lesion
control dose dose control dose dose
group group group group group group
(n=10) (n=10) (n=6) (n=10) (n=9) (n=6)
Spleen Fibrosis + 0 0 0 0 0 1
+ + 0 0 0 0 2
Submandibular gland Decreased secretion of serous acinar cell ++ 0 0 3 0 0 2
++ + 0 0 2 0 0 2
Stomach Inflammatory cell infiltration in the cardia of the stomach with + 0 0 5 0 0 5
degeneration/necrosis of basal cells
Sternum ( bone marrow) Decreased bone marrow cells + + 0 0 1 0 0 0
Bone (unilateral femur) Decreased bone marrow cells + 0 0 0 0 0 1
+ + 0 0 2 0 0 0
Fibro-osseous lesion + 0 0 1 0 0 0
Skin Epithelial hyperplasia + 0 0 4 0 0 2
+ + 0 0 1 0 0 4
Degeneration/necrosis of basal cells + 0 0 5 0 0 6
Skin at the site of dorsal hairloss  Epithelial hyperplasia + + - - - - - 1
Degeneration/ necrosis of basal cells + - - - - - 1
T+ RIS s + + - R + + + — PO s - - RILKHORAL , R AR X MRS A TAH S B 224G A
Note: + — A very slight change; + + — A slight change; + + + — A moderate change; — —No gross lesions were seen and histopathology examination of the organ was not performed.
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A —liver in vehicle control group; B —liver in the high dose group, mild mixed cell aggregation and moderate degeneration or necrosis of hepatocytes; C — spleen in vehicle

control group; D —spleen in the high dose group, extremely mild mixed cell aggregation and mild fibrosis; E — skin in vehicle control group; F —skin in the high dose group,

mild epidermal hyperplasia, extremely mild basal cell degeneration or necrosis; G — stomach in vehicle control group; H — stomach, fore stomach in the high dose group, ex-

tremely mild mixed cell aggregation, extremely mild inflammatory cell infiltration with basal cell degeneration or necrosis.
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Fig. 10 GvHD and secondary histopathological changes induced by CIK cell injections( x200)
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