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Establishment of a method for culture in vitro of peripheral
blood monocytes from rhesus macaque
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[ Abstract] Objectives To establish a simple, inexpensive and efficient technique for in vitro culture of monocyte-
derived macrophages (MDM) from rhesus macaques of Chinese origin. Methods  Peripheral blood of healthy rhesus ma-
caques ( Macaca mulatta) were obtained in heparinized vacutainer collection tubes. Peripheral blood mononuclear cells
(PBMCs) were isolated from blood by Ficoll gradient centrifugation. Serum was isolated from peripheral blood of the autol-
ogous animals. PBMCs were plated in 48-well-plate (3 x 10° cells/well) or 96-well-plate (0. 8 x 10° cells/well) for 24 h.
After removal of non-adherent cells from the culture, monocytes were cultured in RPMI 1640 supplemented with different
proportions (2% , 4% , 8% , 10% ) of autologous serum or fetal calf serum (FCS) for 7 days. To examine the biological
function of MDM, lipopolysaccharide (LPS) was added to MDM culture to determine inflammatory cytokine production.
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Also, MDM cultures were tested for the susceptibility to simian immunodeficiency virus (SIV) or simian-human immunode-

ficiency virus (SHIV) infections. Results The cell cultures with RPMI1640 containing 2% autologous serum yielded the

best results with regard to macrophage morphology, the response to LPS stimulation and susceptibility to SIV or SHIV infec-

tion. The purity of adherent macrophages under condition of 2% autologous serum culture was higher than 96% . Conclu-

sions RPMI 1640 with 2% autologous serum is suitable for culture in vitro of peripheral blood monocytes from rhesus ma-

caques. This technique is simple, inexpensive, no need for growth factor and highly effective to obtain adherent and well

differentiated macaque monocytes. Therefore, this method provides an important tool for culture of macaque AIDS viruses

and for related immunological research.
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1.1 ¥ RIMNE MR E

4 ~5 % WMEME TS T GE A ( Rhesus macaque,
Macaca mulatta)3 2 K 5 ~6 kg, W H #I1L K
ke B F AR R B A BR A W [ SCXK (%K) 2010-
0010]) , SCEFEEAS T [ PR 50 sl ) vEAl FA ] 2%
5143 ((Association for Assessment and Accreditation of
Laboratory Animal Care, AAALAC ) TAIE Ay 7 K27
Sz RO TR [ SYXK (2)2014-0013 ), T f 5
B ERERR T 1 2 UK 2= B e e oo sh Wy
JHE A SRR , SR AT R BNPTEE KM S ~ 10 mL
FHF PBMCs 9435 , RIS TCHT8E R R i 48 R 4 4
M5 mL, H &S T8 00 535
1.2 EEBEBLESE PBMCs

BPUEEA I (5 ~ 10 mL) , i PBS %56 B, 9%
J A5 T UK L A0 53 BV ( Ficoll) b2 i BE IMLA:
5 Ficoll RFHI Ky 3: 1, B5.0> (1800 r/min,30 min,
22°C) J , W A T I R R 5 9k 2 400 PR =2 [
() PBMCs J2, i PBS % 2 ¥ (4:¥K 1200 r/min 20>
8 min) , e FHRGFRIEVE 1 38, T 5 PBMCs HH TR
SRS, 47 PBMCs il /MR £, vl 2R IG5 0
(200 g,15 min) B 5 54,
1.3 BREZEEAMRILIES

43 ES A PBMCs ST BV AR, A EOCE S K
WA (1 h) . #F PBMCs FH 2% 4% 8% 1 10% H
H AL 37 5506 2F 135 19 RPMI 1640 % 3% & T
CellBIND Surface [ 96 L ( Cat:3300, Corning, USA)
oY, 48 fLEFFE M ( Cat ;3338 , Corning, USA ) H1E5 3% ,96
FLAREEFL 0.8 x 10° A4 L, 48 FLAR BEFL 3 x 10° 4>
YA, 24 b JE R AR W EE 4 i FH RPMI 1640 K5 37 W
VEFE, IMAHT B FR SR S 15 57 5 ~ 7d J5 WS 41
JEAS FE AR as R o J 1k B4 0% 15 W5 4 A L
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TEE 2% M A PR IM 3% RPMI 1640 3535 T, 434k
55 4 KEL 7 KA B 2 3 A A AR A
CD14 ik, S5 PBS Mk A% B W 4 i vk 3 3k
0. 25% HIIBERE I AL 5 min, S AMCEE R VLGSR 23
S AE I, AT 5% 1T Y 5% 97 & k3
b K e F T 277 AR 0 i, PBS Uk 2 3k J5 i
50 wL PBS, fill i 5> 40 il 2 i, Jin A CD14-Percp-
Cy5. 5(BD,USA) Hifk 2 wL, BIHEXS 45 A0 2wl [A]
A (Isotype ) LK 1gG2a, k-Percp-Cy5. 5 ( BD, USA) ,
4 CHEEMFE 15 min J5H PBS ¥k 2 i, KR ZRPU
JE IR W (2% 2 %8 W) H B4, H i
ML (BD FACS Verse, USA ) A1l 24 fifg 2 1 CD14
IR,
1.5 SIV/SHIV BH% B Ik 40 Bl

SIVmac251 . SIVmacl7E-Br 1 SHIV KU-1 5k
F 25 [ [ 57 TAE R SR B 34k, 72 IR 2= sh 1 A W)
LA RS Y R, LT, K e R AT
VR A Wk 200 5 5 5 B 40 kg T I T 15 3R G 9% 3 e
i 10° TCIDSO 1143 5 Bk YL 40 g, 37 °C IR UL 2 h, 4%
FERVE 3 1 KBRS, A S 2% Mk A ki
TH BT S I R R AR 2 s 37 . B RWUR K, 250 plL
ARf BT IR LIS 750 L Tri-reagent LS ( Molecular
Research Center, Cincinnati, USA) 707024 J5 , IRAF

F1 SIEE R PCR FTHISIY

Tab.1 Primer pairs for the real-time PCR

T -80C , TR mEa #IE .
1.6 fAERS % ¥ ( Lipopolysaccharide , LPS) &l i
¥z E &k 20 B

LPS 14 B InvivoGen 2\ ] ( San Diego, USA) . ¥
LPS(10 ng/mL 5 100 ng/mL) il A F)531k7 d Y %
FWE M RE 29,4 h J5 H Tri-reagent( Molecular Re-
search Center, Cincinnati, USA) $ZE4HHE .S RNA A
ToLmbE A PCR AN T mRNA B34,
1.7 XNEEPCRAENFESHESRUEREF
mRNA

{5 NanoDrop2000 ( Thermo , USA ) ] % 21 ffd =
RNA ¥ B 1 pg & RNA F T mRNA kK4
W, % 5% 5% PCR 57 & ( Promega, USA ) #£47
Wil S SR A BEALS 4 37°C 8735 1 h, SR )5 95°C
Smin 2 [k N, OB 4°C RAE . SEI)5E B PCR
H SYBR Green Supermix( Bio-Rad, USA ) i{5fl &, &
£ 95°C 1min,95°C 5 s—60°C 10 s,40
. SEmPER PCR SIWIFFAIANER 1 Fizs . Cu fEAH
Xt GAPDH #4745 —4k, SR HI 27 J5 #5114 mRNA
2RI,

1200 wL A0MIEE SR B3 R I R RNA
T T R G, 30 SRS E i PCR U7 AR
. SIV GAG B1WF8 N 1 fizs . SEfE & PCR
TR 448 SIV GAG Frifit 7 bR e 4L, 11545
2Tt 17 SIV GAG 45 DK,

PRI nALEIEY)

Target gene Forward primer

LB

Reverse primer

TLR4 5'-GAATTTCTACAAAATCCCCGACAA-3' 5'-TGATATGCCCCATCTTCAATTG-3’
IFN-B 5'-GGATGGTTTGAGCCTTTTGG-3! 5'-GCGTCCTCCTTCTGGAACTG-3!
TNF-a 5'-GGCTCAGGCAGTCAGATCATC-3' 5'-GCTTGAGGGTTTGCTACAACATG-3'
1.6 5'-TGGCTGAAAAAGATGGATGCT-3' 5'-TTGCTCCTCACTACTCTCAAACCT-3'
IFN-\, 5'-AGGGCCAAAGATGCCTTAGAAGAS3’ 5'-TCTCAGATTGGATGACTGGTGGG-3'
MixA 5'-AGGAGTTGCCCTTCCCAGA3! 5'-TCGTTCACAAGTTTCTTCAGTTTCA-3"
SIV GAG 5'-GCAGAGGAGGAAATTACCCAGTACS3 5'-CAATTTTACCCAGGCATTTAATGTT-3’
GAPDH 5'-GTCTGGAAAAACCTGCCAAG-3' 5'-ACCTGGTGCTCAGTGTAGCC-3'
) = RPMI 1640 5K WBEANT , s T a3, 7
- 2% Mk B IR IMIE R TR AT W R A A R 2
2.1 2%MBBEEMEFETFERIMEFSUIRERME 2 ~3d T A RH L LA 1V I R R v Ak Sk 8

o}
1= PBMCs 7E 5% 2% 4% 8% F1 10% KM% A 1A
ML BG4 1L 3% B9 RPMI 1640 H 85 3% 24 h J5, ]

I, 7d R MM S FIE SR, 1 s ik
FAR I U0 T 6 2 3, A9 e i) 1t 395 00 T v e A9 o,
I o BEE ML FEIRRAR, WG BE AR i 1 22, ELMERE
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WEARARIE S — 8t . & 2% M BRI 19 RPMI
1640 B335 5400 T, KEZE( > 85% ) A% 41 it RE s
BE IFor b E R, M LmE, & 2% ~10% [
52 I3 B W (4% ~ 109 ) Mk AR IfL T £ RP-
MI 1640 RiFe B3 F2 T, Mk B A% 40 A 0% I B 70 531k
B2 (W 1), b B0 B A AN BE BE ) 5
E Y oy A R B (RE N A S A G vy
W, SNG4 2 R85, A 0 n] i oh 2 (F
2. AB) . 4RI RSB IR A S, 6 F
4 e B — O BT 22 O — A AT DL s i
AR, 555% 10d SOEA I ], MR D] B3 K A
R RECR, A2 N2 R,
2.2 2% BfNEEFSAENEE KA

JH it 2 LA A 0 5% 57 (2% M B A LT ) 26 4
KAFNEE 7 R E W40 i 3R 17 CD14 /3R K (an &l
2. C.D FR) 554 RS 7 K CD14 4y FHM:
RAYH(91.7 £2.33)% F1(96.4 +1.93)% , [ ¢
RO IR E A S a5 R Rz 4
7% 7d [ B VEAN M 4l B R (> 96% )
2.3 SIV 5 SHIV BiMRE 4R

K 3. A fizs, SIVmac251 . SIVmacl 7E-Br Al
SHIV KU-1 ¥JRETE B 2% M A A I35 15 5% i A Bk
AR A AT A SRR R L 4d R R R
H(SIV GAG # DKL) T3k 10°/mL DL E (F 3A)
A YL B A LAR L, SRS 10 d i B B A4 i AR
KL R ES WA (K 3B) .,
2.4 LPSESBEMMET £ RERF

I 2% M 19 1A% I 375 35 77 00 40 1 05 240 FEL X LPS
HORBUREE . anTEl 4 Bz, LPS ] 375 S A0k 1 s 400 i fr
TLR4 THEE (IFN-B, IFN-N,) R1EH F (TNF-a,
IL-6) FI TR FEFH T (MxA) B3 EFF, X Fl
LPS (1175 S A A 5 K/ NSOEA DG (B 4)

3 g

R T4 i By SR 2 AN BT b ST 25 2 1Y
FOmEAARE T AN GURIR L] K oy e
PRIAE , AR5 N A B A B2 A AR A2 BR
AT AR IR, Sl R 20 5 LY ) P 200 A AR 5 A i e
REJT, ) TAEMRSN ALK 37 B Wk R M, X e it
e L i R AZ 200 i 23 A 1) FE W 0 L ( MDMD) E2 932
T A A TR R— PGl 9 BRI T
(e R )N A BN 411 ot B B O s e SR
MR 2 A H BRI PR R R AT T

WL (R AC K FoE I H . FRATTE R RSN A B
2 43Pl 1) 5 W 240 L JRe T R HIV./STV i 3 24
T2 F A R T AR

PRGN B A E BN ik 2 an, KB
TSR R E S A 2 |39 U 250 T B ( counter-
flow centrifugation elutriation, CCE) . | FH ¥4 40 g
i BREE iR 4 AR R (0 B AT R B 5 3% 4 LS 35
=P oy B4 3 S8 )7k, CCE AN 2L fli
oA, T 4R R A BRI AR S P Al A, (0% i
BRI 2 S A0 M TS LS H I REER
0 AAZ AN L o B T T (T FH 22 e ) b 4 ) bt
T, S0 B O, LA A0 B AN s, WEER IE ok B
A A vk LT BT X B W 4 i 3 T A O
CD14 MFTiR, ZIE ISR 2 A i sl e
S PR SR CD14 HUK BE IO A% B
YA, RE R S 25 R L, ARG R T 2
L BRE IR 2 25 5 10 A MR i R4 S

AR SCHAE T —Fp AR 4 A 1 855 % 0 B g
AT, BRATTIEE R B R & H 2% B A i
B RPMI 1640 3% 75 3638 T J5 AR 0% B A2 20 it i) b
BEFIL, K5 9% 7d 090 10 40 it L L R A
HRLARAE . R IE S 20, 28R KARIE, W &E
fE 1o, 4l =, % LPS fiEk, H X} SIV/SHIV 5
JK RN EL R TE A 0 v A0 8 R O T M L, FRAT)
(77 3 B A A3 G0 Sick 2810 2 4 i R T
M-CSF F120% F i 8 ) 35 5 005 3% K R At 1)
PBMCs,7 dJi Uk 25 A< IV B% 20 i, K 355 % W0 46 Ry
10% M AR I . Rozner %5 4238 JE 1% NI
LK M-CSF H1 IL-1B i) RPMI 1640 A 754441 15 3%
Sy AL TE AR B AN A, A K 2 ik ) i B AR A
AT AL RE F7 M B A0 AR {HUF AR B 3% 3 hom A 4
f A A PR ik S Ty R e B T R R i
U5 9 FH Ak, 3 26 20 fifg A= 4 I ( M-CSF i1 IL-18
) RBMOE ENEAN A, TAR SRR A5 R, BeAh, T
LY H 08 Z2 Rt JE AR 40 7T 3800 ol 0 6 A6 10 4
JL, FE R % 3 o AN LT £ 153 B[R] 42 M B2
U EHE . U, FRATT Y 7 vk R ko 20 A B A
BB WAL PR IR B, B
{LRERAF 10 ~ 15 mL I, FATR A 96 FLEK 48 FLAK
Bi 3R AN 28 55 5, ifi LR T RROA% A0 G R Ay
b, & TH BT E LI TAE,

KBTI R EZE U TR Q) #H
Ficoll %% 40 ¥ /3 85 PBMCs, 55O 7E 5 IR N
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W 2% 4% 8% F110% M [ A L7 SR 40 L% 19 RPMI 1640 15357 8 T 96 £L.(0. 8 x 10° M/ FL) 548 L(3 x 10° P 40f/fL) 55
FEMR A PBMCs 24 h e AR W EEANE ST , Ak Ee 377 AR (B A LB R —3, x200)

AN [ 2 L X A A 5 ik 2 Y A 1)

Note. PBMCs were plated in 48-well-plate (3 x 10 cells/well) or 96-well-plate (0. 8 x 10° cells/well) for 24 h. After the removal of non-adher-
ent cells from the culture, monocytes were cultured in RPMI 1640 supplemented with different proportions (2% , 4% , 8% , 10% ) of autologous
serum or fetal calf serum (FCS) for 7 days. Image scale is uniform.

Fig.1 The effect of serum in different concentrations on the differentiation of macaque monocyte-derived macrophages.

o D
n lestyps CDI4+
E g
g g
T =
010 10° 10° 10° 0 10° 10° 10° 10°
SHEERAR HMERESETR

T 2% M AR NG 53R R 35 0 EL MR A0S 4 R (A) FIEE 7 R (B) B M A (B A Lo R —
B0 o WEUHIAKIIES 4 K (C) FIEE 7 K (D) AN CD14 (93235 ( x200) ,

B2 Sl fa ik E A M TR A2 IS T CD14 35K
Note. Macaque monocyte-derived macrophages were cultured in RPMI 1640 supplemented with 2% autologous
serum for four (A) or seven (B) days (Image scale is uniform). Flow cytometric analysis of cell surface
marker CD14 expression of 4- (C) or 7- (D) day-cultured macaque macrophages. x200

Fig.2 Morphology and CD14 expression of differentiated macaque macrophages.
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10° - SHIV KU-I1

SIV GAG mRNA (copies/ml)

IOI:
1 1 1 1 1 [
0 2 4 6 8 10 12
YRS
B Ak SIVIEHL 10K
- ‘. : ‘.I._‘-\ {’—
10 A
e | —~ f v Y 3N O |
. P Ce'm
YAt > ; [ - oa o= 3
& . o
% 9 S : - . R
® - A -~ ';_-f 1 _'a"-' ( -
e ¥ yd - = S
PO ; Q =
figee: ‘ A )
T R, BRI 3 £ ) D,

: : T
H: (A)SIVmac251 SIVmacl 7E-Br 1 SHIV KU-1 BRSNSk 7d fHEE WEAHT . SRIBCAIES 3% LW o 7 88 RNA, SEHT 3 5 RT-
PCR &M SIV GAG #5 DUAL, (B) ARBEY: ARG SIVmacl TE-Br 45 10 K 97 L W A1 HL A 1 25 2 R AE (A IR —30) . STV-
macl7E-Br B4 10d [0 B W2 i mT DL 3 A 04 25 30 22 4% B 4R (R 7T K0 ) (1 x200)

B3 SIV 5 SHIV 7EM U 20 i o 5 i)
Note. (A) 7-day-cultured macrophages were infected with SIV strains ( SIVmac239, SIVmacl7E-Br) or SHIV strain ( SHIV KU-1). Viral
RNA was extracted from cultured supernatants collected each day post infection, which were subjected to detect SIV gag copies with quantitative

RT-PCR. (B) The morphology of uninfected and SIVmacl7E-Br infected macaque macrophages was observed and photographed under a light

microscope at day 10 post-infection (Image scale is uniform). The black arrows indicate distinct giant syncytium formation.

Fig.3 SIV or SHIV replication in the primary macaque macrophages.

1104 x
= Control (No LPS)
1001 22 LPS 10 ng/mL
= = 1PS 100 ng/mL s
2 40 "
E
g 301 o
% 204 Ty
LL, %
10 1 % * * %
n:ﬁ —J —-
TLR4 IFN-p  IFN-A, IFN-a IL-6 MxA

1 FH LPS(10 ng/mL 5% 100 ng/mL) A FEES 3% 7 d B9 1 W 40
H 4h 5 AR AL S RNA, SEHT A2 & RT-PCR 41 TLR4 , IFN-
B.IFN-N; \TNF-a IL-6 MxA Fl GAPDH [) mRNA Zik7KF-,
B4 LPSEFRUER T
Note. 7-day-cultured macaque macrophages were treated with LPS
at indicated doses for 4 h. Total RNA extracted from the cells was
then subjected to the quantitative RT-PCR for mRNA levels of
TLR4, IFN-B, IFN-A3, TNF-a, IL-6, MxA and GAPDH. The
data are expressed as mRNA levels relative (fold) to the control
(‘without LPS treatment, which is defined as 1).
Fig. 4 The induction of inflammatory cytokine ex-
pression by lipopolysaccharide.

(22 ~25°C) A7, W TRk M EARR WS 5 21
R0 JE R JE 41, JF R IR 3 B .0 (200 g,
15min) ZZ BRI/ 5 (2) T 20 HORG BT 28 45 e 4 i
S P oy T A MBI D | IV A 40 M 5% A DG R TR TR
(fn PBS) FFAA EDTA , i /b B A% 4 JEd Fr) Kl B 45 45
W, (3) flitl B 40 i B ik vh 96 fLAREEAL 0. 8 x
10° 44,48 FLAREEFL 3 x 10° A4H A, Ak 41 A
B N RIIE R 4P - 4 AR B A it 22 | 25 ]
N e [ W A 2 O A= L 11 TR G A e )
SIS  ANE S AR T A, AR RO
HER, S A R P ST AR S AR A o0, (4) HEREf
H CellBIND Surface [ 96 fL ( Cat: 3300, Corning,
USA) 1 48 L &7 7 it ( Cat: 3338, Corning, USA ) , 4f]
L5 2 K B

g5 B RTIR 2% M A AR I I G 20 B AR K R
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