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Comparison of hematological values of conventional pigs and
transgenic pigs supressed in immune rejection response
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Blood test is a useful tool in establishing medical treatment for livestock. It provides information such
as disease diagnosis, treatment effects, prognostic judgment, and health status. This study compared the
value of erythrocytes and leukocytes among conventional, transgenic miniature, and transgenic conven-
tional pigs aged six months to 24 months. Further, it analyzed the aspects of hematological value
changes according to the pigs’ ages. As a result, the number of red blood cells (RBC), which include
hemoglobin, and hematocrit, and the number of white blood cells (WBC), which include neutrophils,
and lymphocyte, were high among transgenic miniature pigs, compared with the conventional and trans-
genic conventional pigs. Conventional pigs showed similar values of RBC and WBC regardless of
transgenesis. In comparing their age, the RBC decreased as the age increased compared with the pigs
among all the three groups aged of 6~12 months. On the other hand, WBC and neutrophils showed
no significant difference regardless of different ages among all the three groups. However, various
counts in RBC and WBC were mostly found to be higher in each age in transgenic miniature pigs than
in conventional and transgenic conventional pigs. The results of this study show that the values of RBC
and WBC were generally higher in transgenic miniature pigs than in conventional and transgenic con-
ventional pigs. Based on this research, hematological values can be widely used in diagnosing diseases
or checking the health status of transgenic pigs that are used as disease models, organ transplant source
and alike.
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A (Burks 5, 1977; Faustini 5, 2000), T4 A3} o
% Aol JAAE A FHL Wrhill, 1974
Friendship -5, 1984; Faustini 5, 2000).

ofstoli} ¢ ATE U AYS HEZ A8
= WA= @HsHAQl Holy FHO FR40] X
E|o]A Ltk (Dubreuil 5, 1993). # A= A, o5t
A Fx, 7139 A2 5ol A BlSho] AFEY
A% 2, oFAlold Y AT 59 §UN 5
=2 o851l QIth(Ye 5, 1994; Cozzy2} White, 1995;
Allan 5, 1999; Meurens 5, 2012).

Qutef ] o] WSt Z314=%](hematological reference
values)= & o] HoUA| my=A Y FHHe
Ao A= reference valueso] Hit A-+7F w|XIgt A
“goltt. Jung 5(2008)> HIUEj A A 45=fo] 85~
20%0] ula] AEToL AYTBAL B W,
9] 7 Lhehiichn stelch Liu 5017 it
PANA $97 g Tl erylAabjo] WAH B
60%2712] Foisto] A8t A7} Wstael Ao
oAl Ato]7h gitkal 5H3ial, Chen 5(2016) 1]
UEAOIAE Lin 50173 A2 $HRY
244E 1962714 Fof 9L T Bt 44
7} gekA A otk SIStk Chen 5018 e
o] It wdd FAAZG | A|(leptin-overexpressing
pigs)oll Al A&, WEF, AW FA7F Iyt =
of Hls RA yerdthal skt
A7EA] U= A], FEAAGE AR A HE,

e

¢

7 5 B9 HES AR A7) mlokt Aol
oz 2 AFoAe detEiR|el deo] 59 IR
of =iz} 22 - A71E olAE 1 TAste 24
23 ATESE AN & s AR £
A AL vYEA], x| A2 - ol
i FARE BAA F4 - ES JAIskE B
oL 7lse Hadt ALY ARHHAE e
o529 7 Aot APE HEA, WEF 5 At
2 $£AE A HA9 FRE, IEAE A%
F9 S0l e g7 Ao Hat A=AE &Rlst
A AABFA
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THA] HAZA L
HHERR] 93F(FA 93), HY =R FEAALS 207
A9, A 11), Lt FAHES 17HA 10,
A NE WHLE St URtEA|= sH=go]Aet
FERBREEETEN SE RIS
59 ARl A9 24 - AI1E oA ] WA
She 234 0 34 ARNLL AL ¢ YRS
AR FAE u|YWiR|ZA]  alpha-1,3  galactosyl-
transferase -3-%Z}of] membrane cofactor protein B¢ &
A7} knock-in¥  heterozygote E| X|(GalT-MCP/+),
GalT-MCP/-MCP®} CD73 $|A] 7+ wej2 7jerd A
(GalT-MCP/-MCP/CD73), ©o|&o]|&lo] &-8o| 7}53t
GalT- MCP/-MCP/CD73 A 7S ¢35t 57 &4
9] | A|(GalT-MCP/+/CD73), alpha-1,3 galactosyltransferase
Aol vembrane cofactor protein A -FHZ7}
knock-in'l homozygote ¥ X](GalT-MCP/-MCP)2] 4&-&
ZEotal, FAAY A= A Alxo]
FH HolHA FAAE EHAIA 4 - HeE= IA
S Fulolzis Fe new HARA FAH 7
4% AL Bafele 7350] 9l B 38 sin-
gle-chain variable fragment (3D8 scFv) AR A %
204 A== FAHS A A|(3DY) 152 &&
sttt Aut=fA], FAAS vy =R, FAHS gt
B4 7 A= GRY~127§LFeNA 247 18
T, 8%, 4%, 219~ 18 Eeol A 22 43%, 3%,
0%, 187]1E ~247Rd=ollA 242t 325, 9%F, 3FE5 ©]
83519t AR 342 2.1 mx32 m (6.7 m’) HZ O] =
WolA 3~4F4 Fej=o] WA A5 120 kg 7|F 2.3
keol AT A4 F4-2 FAsialch

S AT 2ol A I HGAS BY F 18
guge ARG ol gstol FHWoE AHHAL, A
Z £A] ethyl diamine tetra acetic acid (EDTA)7} 3
% AZ HEFBD Vacutainer”, UK)O.&2 SATE &
AR gohe AHeE PEWA TE T AuA
7142} Tube Roller (Benchmark Scientific Inc, NI,
USAYE o|-&3sto] ket £ =2 4 o]5=1l, IDEXX
Procyte DMTM (IDEXX, USA) @FEXA7|& o] & 5}
of HE7, WAL, Yawt +AS FY B,

2 Age FY2uTerY B9
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w4 A2, NI, @4 A= OriginPro 8
(Northhampton, MA, USA) T 139] one-way analy-
sis of variance (ANOVA)E o]-&5}o] #1719 -9
A& AP <0.05).
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olulchz|Q} §RIZS EjR|o] B 43| HiF}

U]qzaﬂx] FAAZ QAutE)R]
_1,]-__ Table 194 H X v}
ARt A, FEAL vy
i& ‘:&EH l *ﬂ 59 HEF(Red Blood
Cell, RBC)Q— g A (Platelet, PLT)S] 3= 2% &
]2 Q1(P<0.05) Zto]E UEIH Ut RBCY} PLT R
ARG mUsfR| oA 8.8+1.0, 363.5+94.82 L}EF]|
o] PR UurHR] 9] 7.5+0.7, 299.4+73.07 Aul=y
Z]9] 6.9+0.7, 243.4+60.3 Ho} =4 UEG+=4], RBC
o} PLTOA 335 JFAHMS wy=iA], FAAe At
A, dHtEfR|o] o' A EEXES I T F
Q1. o]9] F| R ZZH](Hemoglobin, Hb)¥} B4 d
T2 (Hematocrit, HCT)S A3 w|Y=fR]7} 153+

1.1, 51.1+430 24 Lul=X]9] 12.9+1.2, 43.4+5.33}
FAMS ARFRR| ] 13.4+0.8, 45.7+3.50] H]] {2
A0 g2 (P<0.05) =A UL, ”3‘1—1" - &4 (Mean
Corpuscular Volume, MCV)2 &A%} U]L]EHX].,] A
L 58.7+£3.52 UHIER| 9] 62. 5i48 FZA G Auty]
A19] 61.5+4.40] Hs| WAXJ.QE(P<O.OS) A Ue

Llish|o UM S22 WHT 2| He}

=

FAAL YA, FAAS A=A
£ v w3t A3H= Table 204 B = H}
ot Zth. 27|79 (BasophilE AlQstiles WIS
(White Blood Cell, WBC), ©%~(Neutrophil), A
(Eosinophil), YI+-(Lymphocyte), T3 (Monocyte)2]

£ SAolA FUAY oA 27 241246,
0.8+4.2, 12404, 12.0£22, 1.0£0.524 <LHEIEH X9
16.242.3, 7.1+1.8, 0.8+0.3, 7.9+1.6, 0.5+0.29} F&A A%}
AHFE 2] 9] 16.8+4.1, 6.8+3.6, 0.8+0.3, 8.7+1.9, 0.6+0.3

of H|g| 891F0F(P<0.05) B 4x2 Y|
=3
Ubichz|et HAME ]| HAHE M 3| W}

Table 1. Comparison of erythrocyte values according to the characteristics of pigs

Values of erythrocyte
. No. of
Pigs animals RBC Hb HCT MCV MCH MCHC PLT
(M/un) (g/dL) (%) (L (r® (g/dL) (K/uL)
Conventional 93 6.9+0.7" 12.9+1.2"  434453"  62.5+4.8° 18.7+1.1°  30.0£1.5"  243.4+60.3"
Transgenic ~ Miniature 20 8.8+1.0° 15311  51.1+43° 58.7435°  17.6+12%  30.0+0.8"  363.5:94.8°
Conventional 17 7.5+0.7° 13.4+0.8"  45.7£3.5"  61.544.4"  18.1=1.1° 29.5+£0.9"  299.4+73.0°
““Values with different superscripts differ significantly (P<0.05).
Table 2. Comparison of leukocyte values according to the characteristics of pigs
Values of leukocyte
. No. of
Pigs animals WBC NEU EOS BAS LYM MON
(K/uL) (K/uL) (K/uL) (K/uL) (K/uL) (K/uL)
Conventional 93 16.242.3* 7.1£1.8 0.8£0.3" 0.01+0.01° 7.9+1.6" 0.5+0.2°
Transgenic Miniature 20 24.1+4.6° 9.8+4.2° 12404 0.01x0.01*  12.0£22° 1.0+0.5°
Conventional 17 16.8+4.1° 6.843.6" 0.8+0.3" 0.01+0.01° 8.7+1.9" 0.6+0.3"

**Values with different superscripts differ significantly (P<0.05).
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o Agd AI #XE vt A= Fig 1914
Hz viel 2 dutsiA] 9] A9 AT+ A9 F
2 RBC, Hb, HCT7} 6~127]&HA] 7.6£0.4, 13.6+
0.8, 46.8+4.25 L}eho] 12~1870LH 9] 7.0+0.7, 12.9+
1.3, 42.625.8%} 18 ~2470LT 9] 6.640.6, 12.7+1.1, 42.4+
430 "5 {-29]F 0= (P<0.05) EA UEhfo] A
o] SZ44= RBC, Hb, HCTY] A= HASH= A
< & & Sl whHo| A% njY=fA]o) A= RBC,
Hb, HCTS] 2|7} Ao S7FotHA Hasdh= A
2 Q1o FoJARI(P<0.05) AolE YEHOE LE
WA= eokth 344e dutsjA]= RBC2} HCT =
27F 6~1270 Lo Al 7.6+0.6, 46.5+3.1 EFYo]
18~247§ 4 9] 6.6+0.5, 41.9+2.60] H|3] Golxoz
(P<0.05) =A Yepo] dutsfx|et 7R 2 A9
o] STHA4E RBCC HCTS| A7} F-o]4 02 (P<
0.05) TAsh= AL & 4 Aok

ZzZvol A= dntsiA|et FAAS vU=A], 3
AHS Atz o] 4t A5 Hwsi=d, |
A 6~1270d7 oA FEAZ nY=fA]Q] RBC, Hb,
HCT $=X]7} 9.44+0.8, 15.8+0.7, 53.3+2.6S UE}Yjo]
A R] 9] 7.6+0.4, 13.6+0.8, 46.8+4.292F FAAS A
HFEf ] 9] 7.6+0.6, 13.6£0.5, 46.5+3.10] B]} 8-9]& 0
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HbO| $=x]7} FAAG vY=R|o|A] 8.5+0.6, 14.6+
042 Yol dutsiz]9] 7.0+0.7, 12.9+1.39] ]3|
9o]H 0 2(P<0.05) &=A UehgTh 18~2471L2 ]
A 6~ 1271983} vp7EA 2 RBC, Hb, HCT 43|
7} FAAS U Ao A 8.3+1.0, 15.1£1.3, 49.9+5.3
S Uehfo] UurR|9] 6.6+0.6, 12.7+1.1, 42.4+4.37}
FAAZ et} R Q] 6.6+0.5, 12.8+0.7, 41.9+2.60] H]
3 §H o2 (P<0.05) =A UEHT 2 A2
FAAG vU=A7E 2+ ARollA H¥HE o= RBC,
Hb, HCT =27} dutefz|et F2Ae Iut=f=]of H]
o =4 ExEe AL 92 T 5 A

Liish|2 FHHE £fz|2] AF
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LOE
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He viel gt dRtEix| o] AFE WIF #3294
% WBCS o5+ AYE AolE UEA 29k,
dubts d¥ol SUIeHEA HAaston, SAE
18247 G0l A, FAF= 6~ 1271 L2} 18247
YoM E2 FAE UEHH. vhdo] 384
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Fig. 1. Change of erythrocyte values according to the age of pigs. a,pValues with different superscripts differ significantly at
each conventional, transgenic miniature and transgenic conventional pigs (P<0.05). ABValues with different superscripts
differ significantly at each 6~12, 12~18 and 18~24 months of ages of pigs (P<0.05).
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muEiA e A9 Aurt 6~ 1271 9PN wL
ALfstis FYAQl ZpolE YEIUA] ek,
~1271LE 3} 18247 L H 9] H]
FA oA 7oA Q1 Aol & HolA| gkttt
2 gt x| et FAHS vy, §
2% 2 HHH Ao W 2|5 BlISHAS HF- 6~
271l = BEAE rYEA]7} WBCE H[XS
of iR FAF LR (P<0.05) B2 TAE HEHH A
o, 2~187|EHoN A= FEAL uY=HA] 9] WBC,
St Aut, g} ZEzE 26.3+10.2, 13.348.9, 10.9+
2.2, 1.240.7 YERfo] AHt=)R]9] 16.4+2.6, 7.3+2.0,
7.8+1.5, 0.5£0.2 S=X|HT} T_JZ4OE(P<0 05) =4
Uehd e, 34 397)7E el Aol 1
B A QkotTh 18~247H%Eé°ﬂHL FEAL vy
A19] WBC, TAFE, Qub9] £=X]7} 23.043.5, 1.4+
0.4, 11.0£2.0 O 2 A L= 9] 15.8+2.1, 1.0+£0.4, 7.2+
113 FAAS dutEfA]9] 15.242.5, 0.8£0.2, 7.3+0.8
Hoh §o408(P<0.05) =4 2=} & A+
A3} Fig 19 A8 529} updrb 2 wgLo]A
= FEA vUHAT 2 dgola drrHos

\__

A
K

WBCE H|Este] M@ 5371 AshAIet 994
3 QursAo] B8] A Vet Aoz A
.

Conventional Miniature  Transgenic
Age (Month)

Fig. 2. Change of leukocyte
values according to the age
of pigs. **Values with different
superscripts differ significantly
at each conventional, trans-—
genic miniature and transgenic
conventional pigs (P<0.05).
AByalues with different su-
perscripts differ significantly
at each 6~12, 12~18 and 18~
24 months of ages of pigs
(P<0.05).
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¥ L(Red Blood Cell, RBO)= A1#| 9] A ZEof A
A2 eulsle] FFAE 7152 Wtk P Hn

:LEH](Hemoglobin Hb)Z A4S A9 RAA|ZE

Saotl OV\]'Q]' AF 2R} AE- %@(Hematocnt
HCT)** X F A7t A5k HlEE UEU=

o, OﬂE%E‘ﬂﬂr A HIE oARE FRIst=t] A
Hot. g4 €4 8% (Mean Corpuscular Volume, MCV)
o el 4aTe] 27 Ei 4aTe] W 84S 2
At Ao R HA HE+ & hematocrit X2 U
of ARt Holch. W B} FS4(Mean Corpuscular
Hemoglobin, MCH)2 3t 7§9] HE+ Qo] E0l3le=
”ﬂ‘—r"' SRZEN fAE 8=, T JR=ENY
Hg7 5 o] AN Rl B A7
LH |EZ=2H BT (Mean Corpuscular Hemoglobin
Concentration, MCHC)= St 7]19] A& Qtof] E09)
= SEZ=ERIY HES Quist=t], A4 JEIE
H =0 2 gulEg 2| ER e Aotk AT Platelet)
£ 2 &4 A e diol Rl g 23

E

A71= 71 . 99 3L (White Blood Cell, WBC)
L 79 1:!:]017]}:_ goele AE2A A7 FeS
Sh= &% H(Neutrophil), Y| 270l AT 24
A5 S AR (Eosinophil), 3| AEMS AJAksH= &
& 7]7HBasophil), 2 AEZE TH4lsk= T8I Monocyte),

Azd | 94 AAY H"YS TEdots dat
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Yol - =2

[}

LMol SR . BT - MG

(Lymphocyte)7t -

R F B4 A Y 27|19 EAEE 2
A8 ¥E 58 ot &5t AHE 4 ot
(Klem £, 2010). Kim 5(2017)2 2] & Z leuko-
cytes W thrombocytes F-= A[ZF Ao wheh A
ol SHQITE HjA|S] FHEHA 2= Aol et
HolE Yebdtt T R 7% T QJch(Friendship 5, 1984;
Faustini 5, 2000; Tucker &5, 2002). Faustini 5-(2000)
< 53] &4 ¢ 2dol FA] WHsk= ol
(weaning) A]7] o|%of A7 AHHE ZYETH s17] 9
) N HARE Sh= Aol F835Hal skl

Tucker 5(2002)2 FAAZ A9 4~12FF A
WL =271 et HX|of vls| FAsh=T], o= At
& oA HYA o &= 7 AgtEo] A
fHoz HAgLFo] 7] wZolzta siqlct. 18
2 Ao A= Table 20|14 H= vfe} o] Unte]
A9 FAMGsHA| A2 AL} FEA AX] =HA
oA WBCE H|Esto] WEF =27} 7212 Q1 Z}o]
E UEA &ten, 535 FAFATAZ vy A
A= TH7IFE AYstil= WBC, S5, ZAH,
Pupt, e oA ARt RO H|sf =2 FAE Y
Eftfo] Tucker 5(2002)2] ZA¥et= Apo|l& HEIHSL
c}.

Lee 5(2003)> AFEY R2EEZIF-HAHhuman er-
ythropoietin, hEPO)7} =¥ FAHZF =X} Lyt
HAY P JES vHolgS o HEL, FJEL,
SEZ=R], FHA I LA oA BF FEAHS HA
7b Ayt R|o] vls =4 Uet=dl, ol AFE ¢
SZRJA7E FEAGE HA oA A&HH R LA
@& o) s|rI=ER HE7t A= of
Y 2 HIEFEHES HJATt STt 2 A
Tl A& Table 13} Table 204 E+= vfe} o] Uut
HR oAM= FEAAS ofFof TA Qo] AEF, W
T FA7F EE FAH EXEUAAT FEA
el vy RO A= AE et WEe] 2|71 dut
R} FAMG LRt vl w2 A& UE
WAt

Jung 5(2008)> 1~57Hdg 2] Lyl wY =) =]of A
WP 3= dgd ¥ gigley, RBCE
hematocrit ~X|= 27|EHEE {9240 Z(P<0.05)
EOMA| AL, A A= FYH 2= (P<0.05) Robxl
TRl S}, Friendship 5(1984)2 LHIEjA|ofA]
MCH&} MCHC7} 15 o] S719to]| whet oA 11, ¥
= Yolb B2 HA oA Atk sk =d,

2
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= Aol A= Fig 13} Fig. 2014 K= viet 2ol
AAg mysA 9] B 6247 Lol A WES 5
A fFAZR Zol7t gl RBCY A= €Y
o] F7tdsE WoAle Aol ACEE, Jung 5
(2008)2] 1o} Wjwstd WP SAMB= A
St @] A9 Aol 3] WskE eIt
UutfR| o] F-9- A @oA] MCHO| $X|7F 18~24
MLF Y =0l 6~1871L8FH 9] HA KT} £ 41
£ Ho] Friendship 5(1984)9] E119} fARE A3E
UERH AL, WBCSF ©577F 62471 %2 3 A%
of| 4] x}o]E Ho|Z| 9o} Friendship 5(1984) H il
+ Aol& UER A Burks 5(1977)2 171 €30l
A 3670E mIYsiR o B8 AEF #7371
FE INLG7A S7tetr) ol AAastioH, A
784 H IR e UERE 371L7HA
Hastoirt 37§EA 1071704 S713E o] %o A
&£Ho7 FLg FASIACH, MCVe MCHE 371
d5E 2470EEet ST, MCHCE 17]EH
g 30715t S7kst HETE UidRE 97
g5t gadt & A& U FATTGAL
oFith. & ol A= Fig. 13} Fig. 204 Ei= e}
Zo] RBC, Hb, HCT7} 67§ B HE 247§E Ato]ofl A
FOAH L2 (P<0.05) AadsHAY Aadhe TS U
B, WMo A= Gt AYstils 67
LPFE 24711 AfoloflA] Al RfolE Ho|X]
%ot Burks 5(1977)9] Ko} ARt A HEHH
ATt
B Aol duteA], fEAE njysA, FAA
dutsfR o] dHst G2 Blastdoy, 4
ehe SFA] o2 ANt vy =iA|e} vl wek A7t ¢l
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