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(Abstract] Objective To investigate the effect of Chinese herbal extract HNA -1 on HIV -1 infection and AIDS.
Methods Eight Chinese rhesus macaques had been infected by SIVmac239 for 16 to 21 months were enrolled into this study,
the treatment group received HNA -1, control group received normal saline for consecutively 2 months, respectively. In
predesigned time—points, peripheral blood were drawn for DNA extraction, and thereby thymic output was evaluated by T—cell
receptor excision circle (TRECs) quantification. The thymocyte cells were seperated by enzyme digestion, the proportions of
CD34 * cells and thymocytes in various development stages were analyzed by flow cytometry. Results Compared with

control group, the thymic output function obviously was elevated in HNA-1 group (P<0.05). And the proportion of CD34*Lin—
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cells was significantly increased (P <0.05). More interestingly, the thymocytes in double positive (DP) stage

Il decreased dramatically, while thymocytes in stage DP Il and stage DP IV increased. Conclusion Enhanced thymic output

function may contribute to the effect of HNA-1 on AIDS treatment with underlying mechanisms involving increased thymic

progenitor cells and promoted development of thymocytes from stage DPII to stage DP 1I.

(Keywords) HNA-1; CD4'T cells; thymic output; thymocyte development

SR B AV 8 22 G (0 AH A = S0
RIRI AN R . CDAT JEHLA T 41 A9 5 2 ) g
FEUR  ZERLAAR (0 3 17 1 SR i I 280 vh R 4 T SRS VE
& HIV Beaf i 2040 ja 2, CDAYT 4k 2 40 i 45
(A R AT M /0 R CDAT Ik 2 48 it T B 1 32 02
PER G E N EER I, & HIV Bk R i hRER,

W A-15J7 (HNA-1, #5848 3CE % B i /Nl
W R R A 25 5 0 2 — IR I ) 23R
I7 R A B ) AR 2 A iU A R R B
HNA-1 HA g it G a1 y7 sk, B oeh & & 3
T RVE B BE st B /N B SR B | B
CD4'T 4 MBS 58 W b 12 s M f 23 Bk v 7 STV-
mac239 B YL AT () CDAT 20 i %5 (Ot H 240 4R A
CDA*T 4L ) | 23 Ik B4 25 2 20 285 4% 1) o BER AR ) %o
T G BB B IR U S RGN B —
PRI [ B A B AR S W SE T R (e 448, AR
G — 25 ) O =40 AR R T 40 B 32 R o HE N
R (T cell receptor excision cirles, TRECs) i il [
J7E R HNA-1 3097 AL S5 0 46 24 CDA'T 4ifiE
e i i+ B B R AN K TG R

1 #
1.1 sh¥ 259
1.1.1 sh¥y  fE 8 sk, 4w MErE, K&

4.75~7.2 Kg,5~7 % HMUAGRRE . 28 i T 2 4G 0 A% 4
PE BRI (SIV) i 4% 5 D B9 2 (SRV) Mo
29 1% (Herpes B virus) FIAG T bk T 4H A 1 %20 75
(STLV-D)Hiik B, 25t i R B iR s, 3h
Yieh ) AR IR R s W o ml B E IR S Y L g
=, SV ATIENE S O SCKX B 2009-0025, 312 i
e ] S 8 sh Wy 1) % R FH 6 A ) 08 AH R Y R T4
BRSO R A PR 2 R AR PR B S A

1.12 2% HNA-1HBHE 6 g, BBk 15 g,
AETHE10 g, HE 10 g, #EM 10 g, HALWH &
15 g, 757 10 g, J8RL 15 g, W4 15 g, JIIRE 6 g,
Wil 6 g, B30 g LA, F I Fg I 2 K24 24

7 e 1 00 BRI 2 o A%, v 4R UG A T BRI
f 28 A 250 5 IS 0 T K R BT T
BB, AR A R B 3.08 A I R A RGR =,
TS B PRI & WY S5 ROGR) 20 R
0.74 g/kg F1 5.74 mg/kg, e K IR &, 15
BRITHEEW S TE 0.185 ¢ p AWBEETY
1.44 mg(HP 5 ke EHEE 20 mL).

1.2 R AT e

1.2.1 3K DNA #2HULH & (RIARAA),
CD34-PE .CD4-FITC, Dispase I (Roche, 2k
(Invitrogen, #¢ ¥k B
1 mg/mL)#1 DNase I (Roche, Z ¥k & 0.5 mg/mlL),
SIVmac239 F i 56 [/ P.A. Marx (4% H 0,

1.2.2 f¥#8 Wi (Beckman Coulter); RevertAid
First Strand ¢DNA Synthesis Kit (Fermentas);Premix
Ex Taq Version2.0, RNAisoTMPlus, SYBR Premix-
ExTaq (TaKaRa); Real-time PCR ¥4t (MBI Al );
C1 000 TM Thermal cycler )¢5 PCR 1Y,

1 mg/mL), Collagenase IV

2 Fik
2.1 o eH IR

SIVmac239 il SMID100(5 4~ 1009% 15 2% 4 7
i), 1 ml #BKEE S 20 A B v A A A i
FARZ AN AR AR 2 AR T, FH CEMx174 41 i
T2 W BRI A2 R 10° TCIDsy/mm?, JE&Y% s 23 T ]
ZEIK 1:50 #i e, # bk A 1 mL(EP 200TCID50)
ARSIl 8 S fE A B SIV, A 16~21 A~ H
8 Sk Y A 14 Ay AR TR HL Al 552 56 ) A AR Sk R AL Uk
Yo J5 ARG ARA 250 T 1, o 541 S B i
HARB M R ORG . EMERTRN . S a
40 h, 2 ST R, BBORE B M Y T B A
2.5 mm JLBHEEMALTTHHAL 8 em, TEA 1 mL
5 10* TCIDs, SIVmac239 95 85 W ; I PR R % AR 07
20 min, KOG O VR O S WK 1 mL &
200 TCIDs, (555 75 WU .
22 GrdiBIT



8 g v 12 25 R A2 4T

2016 55 36 &

A CD4 B X 8 SLAE Mk 40 )2 5, BEALS Ky
PR FNGIT A, B 4 H . IRYT 44 7 HNA-1 %
BIRIT, B H 1R X IR 25 7 45 (R B AR 2R K
B, B2 400, Wk 1,

R IMBRBERARSAR

4L s R CY) MR BEE () CDA Bl Bk

xtiggy 507 5 i3 16 402 Ik
509 5 I 16 693 i Jik
514 5 i3 16 1 151 fiidlis
541 7 i3 21 121 H
BITA 505 5 I 16 903 ik
506 5 i3 16 251 i Ik
510 5 i3 16 418 ik
515 6 i3 16 570 i ik

TE AR RSN, i B St EL 32 0 A BR ] , AR e 52 6 R A R FEA 52
S mhXof B2 | SRR ST R 2 A AT T 5 B A S A AN TR IR B I ] A
[l R G A2, S0 T R L8 8 AN TR N o AT TR AL X (7] STV-
mac239 9 B 28 AN [ i A% G vl R A 0 5 1, DL RO SR 1
BE BRIEFE A TS B MO | HEAT S AN B LI T, R R BLAS TR B
TR AL, A TN S T R T KRR R, X T (1) 4% 100 2 AT 5 )
WM 2B EATRRIHCL L

2.3 DNA f$£H

T AN [R) Hsf i) 5 0 B 6 HE 2 0 3 o7 4 B ol A b
JE L B A0, B BCH: DNA, DNA $2 5 1 R R
R UE ] A R A
2.4 PIERE CDAT 40 i i R4S

AL BE X R LRI HNA—1 26 (%) 0 30) A6 | B0 HH M 1t
T % 240 B 1) 43 5 SR FH BT A%, BT Dispase
IT .Collagenase IV . Fl DNase 1,37 “Ci{H1t 50 min,
B UERHW, PRI R iR CDA+T 4ififd .
fdi ] Real—-time PCR #ATHZIN ,25 WL K20 14K & 4
.10 L 4 i 2448 77 9 (2.5%10%),0.6 umol/L. primers ;
(IEm54 .5 ~ATCACTCTGTGTCTAGCT CCCAGC-
35495 ~ACTTGCTGAGTTTC ATGATGATT
CCTCTA-3")0.2 pmol/L. Taqman X% ; FAM-TGCG
GG CTC CAT CCT CTC CTG T-TAMRA Al ABI
Master Mix, & ¥ &1 H .50 °C,2 min; 95 °C,
10 min; 40 cycles of 95 °C, 15 s 1 60 °C,1 min,
40 EIS . R I AKT corS 3 BRI 4 A 440 i 4%
wE RN S, PSR . ERSIY .5 -TTC
TCT GGA ATC TTC TTC ATC C-3;&[851%).5°
- CAA AGG TGA CTG TCC TGG CTT T-3;Tag-

man #5414 :VIC-AAC ACA GCA TGG ACG ATA
GCC AGG TAC C-TAMRA,
2.5 AEARAGI
2.5.1 TRECs MKz Z: 88 Bains 1 #9510 ff
T 40 M 57 4 5 HE M BR 5 (T cell receptor excision
cirles, TRECs) Kzl (1 77 v | 7153 W B i s 4 B 76 %)
I CDA*T 4 g b o 19 L il
252 Ki-67 WA I 10°-107 75 I 5 i B 48
i, CD4 3 F Y ki m , B4 i U A e
ZZuPi 100 pl, VK E#EEEHEE 30 min, PBS WTEA
L, SRJE A ZERESE vl 300 wL, 7K FREGe &
30 min,PBS WRVEME 1 3, feJo AR 8 R H A fin
A Ki—67-APC1 pL,B282IEA), & Tk L#tEsE
30 min, #RJ5 M PBS MEPEY 2 3,1 200 /min &0
8 min, 72 1V, FH 48 B0 4 M, O UE o 204 R Ay
150~200 L S48 B, b o =X 4t A AR )
2,53 CD34*[i (20 M A I 5 0% e Ji 200 e L
PR R 2% v (PBS) VE¥JS,1 200 r/min 10 min
B, e EEW, i AGE & BRPT A CD14-FITC |
CD3 -FITC .CD20 -FITC .CD34 —-PE %¢ J¢ #5 it 41t &
5 wL,4 CHOEHH 30 min,PBS PR 2 i ,4%%
R E | UL EWOT PBS RS, FACS £
B CD34Lin 4 i B Fb 5]
254 FafRanie k& B BRI ARYE A 1Y SR,
fili I B 5t A CD45RA (CD45 fiy — il 37 4 ) ,CD3
(SP34.2) ¥ MafRAnfl (S kB AR T 4ii) 430
CD45RACD3(I1 #§]) CD45SRACD3(I1 ) FICD45RA*
CD3*(IV #1) ., #iE—2 H CD69,CD27 4y Bf 17k
A3 o 30 AR - 58 1120 i B 40 B AR T % &
B B 1) B
2.6 GiitsEadr

K SPSS 20.0 B HAT T, T EFORIL
“xas"Fon , 2B A L BCR FHE E i CDA4T
41 Jif ) 20 1] LR ) Mann—Whitney 5387, #8704k
AT LG ISR A b 3, P<0.05 R 25 53
EE M -0

3 &R

3.1 TRECs M Fb ok A8
TRECs 4t it/ Hr sl e Bon |, b R4 2 et &
Ji TRECs MU 4000 B 52 Rt 3, Hoh 3 Hshiy



55 4 30

FNIRAE 25T SR B HINA-T X STV $8 14 e 47 ] A 1) i A 1t L i I 40 i 7 ) 52 i 9

e 2 420G T I 0 172, HNA-1 Q97 A 78 & i
HNA-1 73975 , TRECs B A 5I0R 1A 5 W) 5 i | F
@, gEm MR, 400 T (A 14.423,P<0.05 i
7N ) 22 S A e ity S, IR, i T TRECs 19
LU 5] 2 I A 40 6 43 24 0k % S e AT Okt e 4 0
R E TRECs FBARRE T3 . i ABiE 52 [8] i Gk
CD4T 21 {1 35 Ki67* (1 Fe ol 3F A 3G A, #2718 HNA-
1 369741 TRECs b M5 iy 385 155 Sy e Bt 240 it 1 ol 3%
W, TR,

MM HiEEIEi)

RhM

O 505

O 506
507

n
o
1

t
£

]
o
1

O 509
510

o
/ O 514
___ﬁ 515

— | s
p—"

T~ 505
506
507
~~ 509
510
514
515
541

o
1
S

I

CD4' T4 PKi-67HIELA (%)

>

TRECs 24 2% {5 $

o
o
s

o

o
o
T

9 5 1 & 56 % & & & !
BIFERS D
VE - 5 % BB ALAH H*P<0.05

B 1 HNA-13497 8./ TRECs(Z ) & Ki67 (A )BI% T

0 i
wWITERS i

3.2 MafE CD34*Lin 40 i) L 1]

FE Y St R 2 T HINA -1 2 F5 300 A0 by i 14 1) 40 it
2y A 434 L3 & B, HNA -1 41 CD34 Lin 4
HEL WY 5 3G, 327K STV 18 PR L JS 42 HNA-1 36797,
P J ) T A 200 L L A5 B RS, 43 BT T 10.699,
P<0.01, A4t X, W 2,

18.00 1
*k
16.00 A
14.00 A
12.00 A
10.00 A
8.00 4
6.00 4
4.00 4

2.00 4

1 i N CD34* Lin- 4nfa Lk (%)

0.00 4
IIHRLE HNA-1

T 5 XA H ++P<0.01
2 HNA-13&97 /G ER CD34'Lin 40 At B4 bb B A T2 B

3.3 N[EV & B B B R A A Y g ) i A
A X A 2] HE e, HNA -1 41 BUFH P T 40 i
(Double positive , DP) II B B i) e Ji & ffd L2 451 9 20>

ifii DP LA DP IV 5 BE i) 40 A b 451 35 38 fin - 3k s
W53 45 428 HNA -1 3697 J5 nl fE 2 i T Mg i
i DP I BrBi k& 2= DP 1A DP IV B Bt
A3,

70.00 1
0O xJ iRl

60.00 4 W HNA-141
50.00 4
40.00 4

30.00 4

Mg R AN B LB A5 (%)

20.00 4

10.00 1

0.00 <

B B

DPIl DPIlIl DPIV

B 3 HNA-1 A EMBRa KB HRIR L EMER
HENERE

4 itip

FERTIADESE R B 25 5 7 42 LY HNA-1
AE A7 A3 0 &b JA I 40 46 Y CDAT 20 i /Y L ] 5
CD4*T 40 g S I T H i 10 2 M B T NI 28 . ZEAwF
FEH B el A TRECs K 0 (4 J7 3k i i fi 2 g
HEAT TP, TRECs 78 TCR HEHE A #2 =4z If
FEANAALUT T AR E A EAS 541
etk DNA (6, IFBE & 20 1 3 240508 A6 R
ABFTE K 4 HNA-1 3597 SIV B GL H i A% )5 | ob
JA i TRECs B LB 3 hn, HBEE HNA-1 897
{1 o K58 o i B Ay I 2 ) I 200 i 8 O A B
fik, XH7R HNA-1 REHETH M B4 s D BE

16 AIDS & Fl e 5 o g iy ak A vh 6 R 11
WItH A CDAT i ) 7 B SR . 7RI T 3
AN ZE AT L R R S 0 B e ) b AR
CDA*T 4L XT T A H¢ 408 CDAT 240 i e i s e %5
FEAEN . TE S P % SR 1A IT 1 (highly ac-
tive antiretroviral therapy, HAART)Jf Y7 M 1 4L 119
AR RVl G 7 A AR AR TR I K
HI T 0046 2 CDAT 20 i JC v 4k 52 1 H 5 i 2 2R I
PR, FRATT & B0 HINA-1 i 35 e R b 42 w2 &0 8] i
WAL CDAYT 4L L 5], n] g A 2 2 09 i PR 1

SR, AN HNA-1 AU HUR B R & B LA



10 T g v 12 25 R A 24T

2016 55 36 &

WItH AL CDA*T 4l i 3h B2 22 4 45 ] 5 — I A YT
R, TC I AR R T 8, B AR5 — 25 %
e J 200 0 7 AR L HEAT T A BT, FRATT A HNA-
13697 J5 M iR CD34*Lin 20 i A b 3] 8 38 386, i 3%
%mm4%ﬁ‘ﬁmﬂ“mWw%% PN
UeAh, FRATE S — 20 &, HNA-1 3697 4 1F 1 i fi
%%MDFHM&E?%DPM@DFWM&OE
WA W] HNA -1 AL HJ2 4 g i 4 ffg 2 5% %8 4
JEI T 2 % e i K 40 L L 9] A5 0 o R 440 i 43 A,
A AT RE SR A BT R o AR 3 T i —
g A5 R UE |

Bz, $mﬁkﬂ}mAléﬁ$VMm%ﬁ
T S, 3 i e R S ) 46 7Y CDAYT 41, A
ﬁ@ﬂﬁ%cmw%%ﬁi\ﬁﬁﬁﬁiﬁmw
FH 5 HALH) 5 5% = W iR CD34 41 i i Ee il | LA B A
#E CD4'T 4 i & B % YIAH G

S UK :

[1] Mclean AR, Michie CA. In vivo estimates of division and death
rates of human T lymphocytes [J]. Proc Natl Acad Sci USA.
1995,92(9):3 707-3 711.

(2] 28 A 3L A G 8 2 95 WL BB R A 3 T (). AR IR o 24
2001,81(5):310-313.

[3] /535, A B0, BN | 45 30 AL 52 5 X G 3 Bl AR /N R
T 40T 5 R PR 24 0T 5 A 241, 2009,22(8) : 804-806.

[4] RS 55 [ 5 4 30, AR 15 2 B X G s i 3 ) e g
PRAFE T AR5 T]. Th A b B 255 1), 2011,29(4):804-807.

[5] AREWK,FFEM PR 5, 45 25 52 7 SR IR0 HNA-1 IR )7 % S i
e b o 2 I 1 SRR I ST T AR T BR 25 2% K, 2011,26(4):91-94.

[6] A Hk, BE M, A5 L HNA-1 XF SIV By it 40 i w0 i 50 T
T L2 40 6 I 194 % el o 2 24 ,2011,6(3): 618-619.

[7] Washington DC. National Research Council, Guide for the Care
and Use of Laboratory Animals (Eighth Edition) [M]. National
Academy of Sciences, 2011:35.

[8] BEAKDL, BEERE , Wik, 55 24 3 b s Wy 1a) R sl 55 A A il 1 45
ROR L)) I PR 24 B2 53R 727, 2004,9(9):1 069-1 072.

9] Chen S, Lai C, Wu X, et al. Variability of bio—clinical parame-
ters in Chinese —origin Rhesus macaques infected with simian
immunodeficiency virus: a nonhuman primate AIDS model [J].
PLoS One,2011, 6: e23177.

[10] Bains I, Thiébaut R, Yates AJ, et al. Quantifying thymic ex-
port: combining models of naive T cell proliferation and TCR
excision circle dynamics gives an explicit measure of thymic
output[J]. J Immunol, 2009,183(7):4 329-4 336.

[11] Gurney KB, Uittenbogaart CH. Human Immunodeficiency Virus
Persistence and Production in T -Cell Development [J]. Clin
Vaccine Immunol, 2006, 13(11):1 237-1 245.

[12] Sempowski GD, Hicks CB, Eron JJ, et al. Naive T cells
are maintained in the periphery during the first 3 months of
acute HIV -1 infection: implications for analysis of thymus
function[J]. J Clin Immunol, 2005,25(5):462-472.

[13] Borghans JA, Hazenberg MD, Miedema F. Limited role for the
thymus in SIV pathogenesis|J]. Eur J Immunol, 2005,35(1):42-45.

[14] Ribeiro RM, de Boer RJ. The contribution of the thymus to
the recovery of peripheral naive T -cell numbers during an-
tiretroviral treatment for HIV infection [J]. J Acquir Immune

Defic Syndr, 2008,49(1):1-8.
(ALtm#t #  BE)



