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Induction of immunological tolerance by inoculating human serum albumin during early
stages of chicken embryonic development *

ZHAO Chen, WANG Xiao-Ping, SONG Chi» LI Zhes WANG Xue-Ling, LI Zan-Dong™”
College of Biological Sciences China Agricultural University, Beijing 100094, China

Abstract Transgene expression may trigger intensive immune responses against heterologous protein resulting in shorten-
ing of gene expression and inflammation. This problem can be resolved by inoculating foreign protien antigen into embryos
at an early development stage to induce immune tolerance. To induce immunological tolerance in laboratory chickens, hu-
man serum albumin (HSA) was inoculated into embryos by blood vessel microinjection (50 pg) at embryonation hours
65— 67 or by yolk sac injection (100 pg) at embryonation days 3 —7. All hatched chicks at 3-week-old were challenged
with the same antigen four times at 10-day intervals, and serum samples were collected to determine anti-HSA antibody
levels by enzyme-linked immunosorbent assay (ELISA). Chickens exposed to HSA at embryonation hours 65 — 67 by mi-
croinjection had 64.52% incidence of tolerance. Immunological tolerance could be induced and maintained till 60-day-old
by in ovo inoculation at embryonation day 6, and the formation of anti-HSA antibody could also be suppressed by inocula-
tion at embryonation day 5 and 7 despite the shorter duration of tolerance. There was no significant effect of inoculating
at embryonation day 3 and 4 on tolerance induction [ Acta Zoologica Sinica 51 (5): 845—851, 2005].
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F IO S B BAE REXS AR N, TS 6 d Ja i B Rl
AJ 3 G e g P K 5% ( Enzyme-linked im-
munosorbent assay, ELISAD il 1) 5 21 119 A # i
R (rhlgG3), FEH 12 d FR- &Y, i%EA
TERBER G, HZEBRR N, X R T
B2 T % rhlgG3 IS B N5 K 45 21 o

A 20 2 ], BEEFATEU) T3 %
P Z SN IWTFE. Wolfe et al. (1957) ML [ H
6 S N/ AN LR & N TG o7 N el (98 =l = =l =
(Bovine serum albumin, BSA) %5 F ¥ 2. Stevens
(1958) [i1) X% JJh B 3 4 v 7 5 A I35 11 2
(Human serum albumin, HSA)D, Hraba and Ivanyi
(1963 &5 5T IFAL 1K) /N X8 55 ) A 0 Do A 3R 45 1 AH
LR R . FARMBERNG M EZMH O T —IEK
%, LS PUAME E 1 BSA (Peterson et al.
1971) 8 HSA C(lvanyi and Salerno, 1972; Hraba
et al., 1977) PO A= (R0 54 F O S K 32 1)
INfA] o SXEEWEFERN], AT DLl R IG ) Lo A L
Rt i T AR R 5

LRI, BRI R B kA
HRTERG, XN IR IR R TR AR AL TS A T 4%
1, PRI ERATT I S B I FEAS AR MW S0 5, g X
AR I I R IG A L, 5 ™ A e e i
%, R T H It 52 7 A ) dee A F 4 i SR i 52
A LAAE R ) dp A ]
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1.1 AR I 0 A ARSI 6 0 (1) ) 7%

PP A S50 Y SO R B B e [ AR K 25
93750 PRERLE 0.1 % B R K w0 Pe i 25 5 8T
PEAgR T, 7E 38.5°C, 70% AHXTMR B, A
H90°/2 h M4 R B AN In#E 5 brid,
WFETEW b5 h e B8 — i B R HITE 30°C, B S
TREEH 20T, /S A HKOKE .

1.2 PURAIH%

ANILE A8 A (Human serum albumin, HSA)
(Sigma Chemical Co.s St Louiss, MO, USA) #ifi#
T 0.9% EBEEh K, KURIEA 50 pg/pl CH T
EEST LI 1 pg/pl CH T IR B SR,
T 4C VKA & H
1.3 P AE MG B3 e
1.3.1 MM EREES #1465 — 67 hit A & H
WikE AR R G, W BB (Nikons
Japan) MR E MG PTAEALE, SR 5 78 H Mt 4T

et al.

FF— AN flo 1E 2R BB (Nikon, SMZ-10,
Japan) FHAMER 30 — 40 pm 850 S EHRE 50
pg [ HSA V5 21 X 1R 35 0 2 ik ofn 4 o, S8 5
parafilm 3 1, JRIFFALES b, CRFF Bl ) 1 4% 5%
B Ak 45 H 4

1.3.2 UFECAEST WPA3 —7 AR Ph R RS A 4
LW, MW= DNE, K5
F— R ESS 2R 100 g 1) HSA ¥, MWA=E
AbHE T [0 FHLN DR, AR HEAN AR, IRIFAEE
AR RS E . PSS AR A AN L, K
[T} S s R il B S 34 N e 1y
TS AR AN [F) R0 7 Kook 5 4, R TR 30
Mo o
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P A WAL IR XS CRLFE IR G B I R e i 2 A
JESAARAMATAT AL B /NS, 75 3 eI 24 A HSA
FRRAT W e, LA T MR AE L 1) 2 6 98k
T, ST R ST Ak B R 2N X A A R 7 A 2 T
Zo AT T 4 IRBFE, JEWR: BB
W5 B Ik 5E A (Sigma Chemical Co.» St
Louis, MO, USA) ZEAHBIREG, w0 ibERH
B R VEST R Rl S IR G R B B — IR S R
(e B 29 4 10 ds H 3B IR A 58 4 76 7 (Sigma
Chemical Co., St Louiss, MO, USA) S5$iJR W
SHBRSE, oIS FIFER R R %
vy FRORIERR 10 d JE AT 50 =ik e, RS
TR PEE A G — IR S R R
PRV S B SO R ) g VRl e B — IR I S ) 18
h 200 pg/ Ho
1.5 MIEFEA )64

SR F R R 0SB A N I IR A, 4°C
UKARRCE IS, FRR10 000 g 250 5 min, YR I
Wy WAET —20°C UKAH T LAEAS I o
1.6 PU-HSA Pk r

T ELISA 150 W I35 FF A4S HT-HSA ik
Ko IR ELISA A 35 15 B BH 1 of R 9 1
TR, 23 e R4 VR G S e b 0 88 40 O AE 20 H
U I 55 S 6 2 /N XS — 3 52 R 2 PR /N X LR A
JoF e JE AR (Special pathogen frees SPF) /3%
LT o AP I MLV A AN PR T8 58 2 A 3o o I e i 35 A
I 1375 £ 2R 270 e A R T 5 W 1) o BARH
MIETE 450 nm &KW EE (Optical density, OD)
KRB 1 e A I PR L3 R A DA A I L7 (%) A A
RERE, I PR BT St G A A 8 1 A A 00 SI 6 A AR I (1)
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1 ELISA %73 #T i o fi-HSA $iik

REMOMP AR E 3 65— 67 hy LM ML A R SHERY 50 pg 19 HSA. ML FEA /NG TE 30 — 60 H & HEAT G 25 1 (0] e 42 51
ELISA VAR I3 i oK. B 1A: B A SRR — AN FEAR M ELISA £ 0009 OD fE. v il B8 — 40 0.1 A BIHAE
ARI 2.1 15, T URBUE R REASTE N BHERE AR, R R BV RE AR . 1B TR A B I, BTG ORD 30 — 60 H % I 375
AWV OD M, #E EJ7 R ihrnkiz.

Fig.1 Serum anti-HSA antibodies analysis by ELISA

Chicken embryos were inoculated with 50 g of HSA by blood vessel microinjection at 65 — 67 h of embryogenesis: and serum samples
were collected during post hatch immunization and detected by ELISA. A. Each dot represented the OD value of one serum sample at 450
nm. The first number at y-axis (0.10) means 2.1 times the average OD value of negative controls, above which was considered as posi-

tive sample, otherwise negative. B. The mean+ SE of positive controls, negative controls and serum samples collected at 30 — 60 days

old are shown in Fig. 1B.
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ELISA J5 2 filf S & 41 F: HSA LA AL g
CORBRAM-B IR Z AN 2, pH 9.6) Tk 22 2K
60 ng/100 pl, 47 IE 96 FL B FR A (Lab-
svstems, USA)D, 100 pl/FL, 4°C UK 58 8CE T
HVESH (PBS/0.05% MEi-20, pH 7.2) PEE—
o 1% W E PV, 37CHlE 1-1.5 he 54
B, Bk 3 S I R b ) s RE AR (1
16 0000, 37°CH#LE 1 he FFRPESER 3 W, A B
LAWY (HRP) F5Id R PTY 1gG (1:400
kg ) e R AR MK 27 552 58 B W AT 5 AR 4k i 28
W, 37CHE 1 he WEBUEIMNEYER (3,
3,5 SCPYREECKZ, TMB)  (AMRESCO
Inc.Ohio, USA), 37°CH##H 15 min, WM& (2
mol Bt 1R ) & 1k & N o 8 i il GRS W 4% ( Reader
OT 230, Anhos Labtee Instruments Gmbh, Austri-
a) BHL 450 nm FREFLIOWGEE . ARG OD fE
KTBAME IS ODEI 2.1 fERA A BH M, k2
W)y B A
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A K% R, Fisher K25 (Fisher's
Exact Test) FAEZHATR: (Mann-Whitney Test
Two-Sample Kolmogorov-Smirnov Test) 3 Fli 1253
BrEsds, s e AR T 28 —Fh 7 ik

2 4 B
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A 63 MANERAERALE] 65 — 67 h i I fif ifi
EE S 7 M T HSA, FESFIE R 50 pg/
Moo 41 /NS4 HAfE, R4 %4 65.08% (41/
63). 31 MM (CHrpo10 RAEA R RHETD 18
20 H#& J5 Hl HSA PRk A, Wtk 30, 40, 50 A
60 H &8 /NS ) I35 A AR AT ELISA i, 4534 an
Kl 1.
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¥JOD N 0.048 £0.001, AFFEA YR IL K B
PEs 40 Hi#& 38 3 IRSEHT) B, “F¥ ODE A
0.083+0.009, HHr 5 AMFEARRIABAME, HKHS
S I, B 83.87% (26/31); 50 H i
4 A wi) I, P ODE T 2 0.253 +
0.042, FHYEREARZCEIG NS 26 A, (R HFEAR
1) OD AR ARAR, ARH Bim Bl AR UHEML (0.1);
60 H# (5 4 W )a) i, AT RIIPEREA,
P OD N 0.487 £0.049, {H 2 FIfLE FF A ()
ODEHAE 0.7 LR, HAEH 4 MFEAR OD 5
LA B X

Bl 185 REoR, G Bk iz ik
BBt ey, ARTESE 4 IRRPEZ G, PHEXT IR
FEA OD M LA R 1 Zi47, Mgt R s W EFp bt
JELFRT 7N 38 R AR AR N B KT TR B . i — K
I3 FEA R 25 Wrp (B 2), 20 MFEART
OD{EAE 0.5 AR, ~FHIFUANE N 0.337+0.02,
LiBR M B b 22 S L B2 (P<0.001), 114
FEAI OD {E7E 0.5 LAk, PPN Z N 0.759
+0.08, —FHAMELZERNEE (P<0.001, Mann-
Whitney Test M1 Two-Sample Kolmogorov-Smirnov
Test), VW] /N X0 T A HB 40 W 52 1), 52 260k
64.52% (20/31)-

R FA TN R R AL 2 1 5
Table 1
bility of eggs

Effects of different inoculation methods on hatcha-

A % %
gy B CHAESY/ 8T 50
Method of Time of Hatchability %
inoculation inoculation (Number of survival/
number of death)
ML TR
Embryonic blood vessel 65-67 h 65.08 (41/63)
microinjection
3d 83.33 (25/30)
S 4t 4d 60 (18/30)
In ovo injection 5d 73.33 (22/30)
6d 96.67 (29/30)
7d 93.33 (28/30)

2.2 GNEETEGTEERT HSA 5 509 G i) 52
SNBSS AR B Y 3 — 7 d IRIEA F K
BREG A AT, AR 30 AckP i, Hefh A
AN 100 pg/M. Br—4 Rl Rk L, KA
60 % M BFAL R AN, AR A R I 7E 709% LA L,

FA A 96.67% - MLl 3 55 90 B % 41
AW KRG T3 1. S5 HOE SR B, B o
FEST PR W2 3 (P =0.013, Fisher’s
Exact Test)o 60~ 50 F1 40 H & /M ifiLi mhHi-HSA
PUAACFRT I 45 R Bon T B 3. B 4 FTE 5,

Ll
I I | .

1.of
09 r
FHEEXIE A2 #52 BIPEx)E
(Positive (Non (Partial  (Negative
control)  tolerance) tolerance) control)

o BRI A R i 3245

(Control and different tolerant groups)

0871
0.7
0.6
051
04r
03r
021
0.1r
0.0

ELISA #3450 nm WG

(Anti-HSA antibodies bound at 450 nm)

K2 60 H ik ifii5 ELISA A &5 R 73 #r (13
H + FRAEZ)

Yol FE 5 1 BRI . /MRS LS A AR OD fE i+
0.5 WA, 18T 0.5 WA Z. —HZ
[HZERE# (P<0.001, Mann-Whitney Test A Two-
Sample Kolmogorov-Smirnov Test) o

Fig.2 Analysis of serum samples collected from
60-day-old chickens by ELISA (mean+ SE)
Experiments were performed as described in Fig.1. All
analyzed samples were classified according to OD values.
Non tolerance: OD values > 0.5, partial tolerance: OD
values between 0.18 — 0.5. There was a significant dif-
ference between non-tolerant chickens and partially tolerant
chickens ( P < 0.001, Mann-Whitney Test and Two-

Sample Kolmogorov-Smirnov Test).

P60 Hile (35 4 ARG ) KA MG FEA
PRI (K 3) RIL, KEH 6 d 5N E FE P
HSA, “FEIPUENE A 0.38+0.027, S5 BHMEX
M Z R W E (P <0.001). 28 5 d M4l
(0.589 % 0.064) L5 BH M X It A5 b 8 3% 10 2= 5%
(P<0.001), A5 6 d P MAEER W% 22 5
(P=0.002). NH et %70 i & A8, EKEF
EE 3. 4 FUEE 7 d N, Wik 59 3% v 5 8 M HSA,
XTSI N VR B B %5 (P>0.05),
HEsSdM6 ddzMEREF (P<0.05).



X

5 =5

o RN TSI AR 1 2 0 R SR e i 52

849

1.220

0.976

0.732 r

0.488

ELISA K] 450 nm W Y6 EE
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Positive 3d
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3 60 H¥RIML7E ELISA Bl 45 0t CFIAME £ brdE =)
TERIG R EH] 3 -7 d W idid Oy s S 2 Fh HSA, BR AR 100 pe/
Ko BT AE A A 8 H (1) /IS AE 60 H S I AR I s AR AR .y il 158
—AHUE (0.244) FFIREREAIY 2.1 £, w01 b B (0 B Ak BH
PEREAS, RZ G BIPEREA . AEWFET IS 6 d P I %) 404 -HSA
PUAF AN R R G, SHAMAUELEZE R B (P<0.05).

Fig.3
chickens by ELISA (meant SE)

Each embryo received 100 ;1g of HSA by in ovo inoculation at 3 — 7 d of em-

Analysis of serum samples collected from 60-day-old

bryogenesis. Serum samples were collected at 60-d-old post hatch and de-
tected by ELISA. The first number at y-axis (0.244) meant 2.1 times of
average OD value of negative controls; above which was considered as posi-
tive sample, otherwise negative sample. Chickens inoculated with HSA at
embryonation day 6 had significantly lower average antibody responses than

those of inoculated during embryonation day 3, 4, 5, 7 (P<0.05).

XF 50 Hd MG FEAR I EE R (B 4) R,
7 d FEFh A A A A PR K (0,438 £0.05)
55 d EMIAELL (0.411+0.062), 1A 60 H i
gt A ZE S 3 (P=0.001), A% 60
H#d 5 50 HES R g RN E A BE %R (P>
0.05). 6 dHZFNAH/INGLE 50 RS I 138 B4 i
%0 0.189+0.016, KT BIMEXT BP9 E 2.1
% (0.244), XFHUSRITERR I 58 4 52

40 HB MiEFEA RS ES R (B S BoR, B
3d MU ERINN GG H SN (0.407 £0.047),
oA 4 A/ T PO K IEA R I, P
BBk R B A HEAEL AR AR o

UL B AL, OY s A LR, RS 6 d
I X 100 5] AL 375 R PT-HSA PR 7 A 1) 30 de o W
B, MAEEE S d 55 7 d Behh BLAR L AEE 2035 2 40
TIHUAAE TR, E 2 RR T 52 1 ] TR AR R

12201

0976 1

0.732 1

0.488 1

0.244 -

ELISA Rl 450 nm WRGEE

(Anti-HSA antibodies bound at 450 nm)

4d

5d

0
Positive 3d 6d

control

7d Negative
control

BRI (Time of inoculation)

4 50 HEMTHEA ELISA Krlll 25 R0 #r CFE{H £
PRAEZE)

S AR AT 3 ik . 50 R /NG ML H B A K P ARG
T 60 HEe, 7 d EFALTLA/KR BERAL (P<0.001), T 6d
LB N AR T IR R 2.1 £, BEMACR I B PE

Fig.4 Analysis of serum samples collected from 50-day-
old chickens by ELISA (mean* SE)

Experiments were performed the same as in Fig.3. The average an-
tibody responses of the five groups at 50-d-old were lower than those
of at 60-d-old, and the chickens inoculated at embryonation day 7
had a significantly lower antibody response at 50-d-old than at 60-d-
old (P<0.001). The average antibody responses of chickens inoc-
ulated at embryonation day 6 was under 2.1 times the negative con-

trol, and thus were considered as complete tolerance to HSA.
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Burnet (1959) #& th 1 144 7= A= v [ 1k # 2%
Ui, A S 52 ] LUE KPR 5 I BT A R E
RN Tk, 2R E H AR EA
PURTINSPIA N T S i 32 B . BT )51
NAE 23 5 N 3 S 15 T 52 B T 5 NI AN A4 (1)
KE M (Bretscher and Cohn, 19700, WA 7
B FIHGINAL TR B 1 S RGOS T i
AN E N2 o

TEXS S RGN R B R, K 4 i A4 mT
REAEC YR T AL 3 d I = 2 Ik B A () 32 1 5 ) 78 o 4
i (Dieterlen-Liévre and Martin, 19810, fE% 7 d
(1) 51 B FE vp A ] e I IX BT AR 4H L ( Moore and
Owen, 1967). i i XA [7] % 5 BR [ Ak DA 5 4
(Dl VuDlyp ViJ) BI2rF e, o BLT g B ik
40 R PR PERT AR I TE . fEMR G IS 1 -2 d
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Fig.5 Analysis of serum samples collected from 40-day-
old chickens by ELISA (mean* SE)

Experiments were performed the same as described in Fig.3. The
average antibody responses of chickens inoculated at embryonation
day 4, 5, 6 and 7 were under or close to 2.1 times the negative
control (0.244). Basically, there were no detectable anti-HSA an-
tibodies in these chickens, and they were tolerant to HSA at 40-d-
old.

BCEE MR 2L, ARG I8 R T LR LSS — AN VDI
AL N I A e (Reynaud et al., 1991,
1992). KH PCR A, 2083 B 40k & i Feh
{18 B R A0 A R DR JRE 1) 23 AT S SR, 45 SR B OR DIy
A R IAE R G R 5 —6 d KRG B0 2 28 h
(Reynaud et al.,» 1992). KUk, 78 B 4 M 1 4 11
REMBIINAMEE A, AT Rl & 05 EAE
HEAT DR T HE (6w AR 40 R AH B VR, T 5 I
LA )R B AT I, B A B X R 1
A G T 52

PR f 92 40 B 1100 & 78 0 0 A B L, AEASHIE ST
i, SR I B B I T E, o HSA 1N IR AL
6567 h XS IR T, FFAG 2 T S iy 5205 . 15 LA
AT, I AR A 2 65 — 70 h 2 [A] EA
FIRE ) 7 2 ) I e A= LR 2 1 (Casein) A
A AT (BSAD, AR 2] TIN5 CRK
FHRD . (R RILAE 65— 67 h BYBOW N 52 (1) 75 3
RCFAT- S Sk, DRI A AR S50 o JRATT B Bk
65— 67 h EAHUREA IR, 253 64.52% /3%

FILH X HSA #8401 52, HARN HT-HSA $idkr=4:
e B0 . RO IRBEAERLEE 70— 114 h By
B A5 ke 1 16 77 VA B2 B Casein W5 310 %2, {H
SEARBERNT) (Zhao et al.» 2004). {E BN H 5 52560
W, FRATEREAL 3 — 7 d B 1 X R O i B P R
Ji, AHURTESE 3. 4 d #MBUR, XSS 52
ME AR, AESE 54 6 d Befl, /Mg~ A4 41
ALK K RE ) B RS (P<0.05), RWLEXA
B B 1) 30 JUR B0 3 3 2 o e Jx s 4 1 B-HSA $t
IR W B INIER . 2655 7 d #eRhdl, i
PIPUARKEAE 50 HE I 2 KT 60 HEE (P =
0.001), X155 LR ) XS JIA O 35 2 rh Fe b BSA 155 2
M52 R 45 LA FF CRRERVERD. XLegh 1
W JV i R (1S I UG S 8 i 32 1) % 5 e 05
SHET, 5 IR 3R 11X G 328 40 M 11 A 6 RN 43 A B e
e8I,

M 52 1475 5 90 AR BR TR s b, i 528k
MNER T PR 7 & R IIE A (Dresser and
Mitchisons 1968; Weigle, 1973). % 2E K I & ik
RN T e 52 75 B PRI I e A
BEEE ST, 1fAE ARG R S 2 L TR B
JEE T LLP= A G AN N2 (Burnet, 1977). ASE
WAEPURREER LS T Hraba et al. (1984)
RSzt 45 51, Ak HSA Tk B ke 5 e b 18 2k
NI, FERIL 100 pg 1 HSA BT84 /NS fig g
B RIEN 2. IILRATIERE T 50 pg M7 R LA
TSR 77 2R B IR LA, 100 pg 15 L
G By S 1 U7 A RS RGN B e . SIS 45 Al
WEI T BA ISR B RGBT S i 52 1) 77
Ao LR P AR AR T BRAF XS 1) G2 A P e i
1), FEEWORE T BA 3 1 582 I (Klipper
et al., 2001)0 A T 755 Ik Fo 5 I ) HELZH /)N 35
BB 77 A4 8 1R S e N, 3R PR A DL VROIR S
FERP .

AR PTG AL R IG BRI BT IR 1 /N XS 28 B RS 5 1
(R HTRIN Z, AR A 853 /N A AT e as 1R BH P4 % 1
KA PR, LI RE (1) 45 R nT e 5 Mk 2
SR BORTE— IR A R — % B BLdE AT
(19, AH R — b 2 R AR R AR I A 41 R R B R
BAAFAEZE S, DS A R (1 3 S ) 1) 5 15 5
i 52 1) 5 B TP e A7 AE — 2 [ 22 o {HE B TR
TEi AR BT CATE i 52 7 1 1 d5e AR I 30 B o 8 5
i, W ICVEARAE T 72 R G 1Bl ot (¥ /8 3 6 a) A
FEAET A7, PR AS i (A 706 45 s e A e 15 I A2
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TE R B 2 R AE L, IR ANREAE BT 8 AN B 20 LR
B A bR iE, b T G LA IR I R BRI LR &
FE T BN 2 W B K E .

WU, S5 i 52 (1) 4 FF 75 BP0 s Re 2L 1 th
R, O & T8 R TR 52 0] e B (Weigle,
1973; Smith, 1961; Mitchison, 1964). /NAS{EH
420 d Ja, BREEPUESIEEN R (BIRBE . X%
Ko 19990, M H [RIA TR R AT, 22ad 4
G Ja WO B MG FE A, NS KR 2 Tl e
Fio SRR, TR R R 720,
A S /N XS PRI B e S AT B P AR N 52 . XFRTL
IR Gy T SO BR R LV AR AR IR A I e 1, /XS4t
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