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Roles of PKCa on the biological functions of T cells
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Abstract: Objective
production and inducible regulatory T cell (iTreg) induction of T cells. Methods

To study the roles of PKCa on the proliferation, apoptosis, differentiation, cytokine
T cells from WT (PKCa") or PKCa
knockout (PKCa™") mice were isolated and cultured in vitro. T cell proliferation and apoptosis were determined using *H
thymidine incorporation and CSFE/Annexin V staining. Cytokines production (IL-2, IL-4, IFN-y and IL-17) was detected
using ELISA. CD4'T cells were isolated and cultured in vitro via Th17 or iTreg biased condition. Flow cytometry was
used to detect the cell differentiation. Results  The production of IL-2 upon TCR stimulation increased, while the
contents of IL-4 and IL-17 decreased in the PKCo group compared with the PKCa™* group. The differentiation rate
of Th17 cells decreased, while the iTreg production increased in the PKCo™ group compared with the PKCa™" group.
Conclusions PKC-a is proinflammatory. [Chin J Contemp Pediatr, 2015, 17(12): 1354-1359]
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FRAERMMPN AR, 7E TCR FIFL T 1Y NF-xB .,
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ME A PKCo X T 4R g i) D gt A7 s 2252 ) ok 3%
15 PKCa B4 IR 20 IL7E TCR {55 08T M4 %8 B e
AR IL-2 L Y PKCa 2 5195 T 4iiifE TCR
FRIE I 102 21k %K5E Y5 PKCa 5 PKCO 7£
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S5 fir ] PKCo PR R /N (B6) T H 36
FE S T S 86 %, K RT-PCR. Western-blot £
W, FREA A B 8~10 J& % BF 4=/ ( PKCo™ 21 )
MEEN LS T (PKCa™™ 41) /N TASLEG
T 4/l . CDA'T 40w A4 [ S5 R&D A Al
GRIL - /MR CD3. CD28 Hifkly [ 3£ E BD A+,
RILTNCE TR ERBEFWE Y MR (CSFE) 40ff
g F) & H 2 B Thermo Fisher 225, FizC4H
i H AR i FH A S Bk B ak5m & . B ELISA {7
& B 3= [E eBioscience 2Tl o
1.2 T ZHRaAE M RIS

Wb LB AR A ( PKCa’™ 2H ) 3 6 A i 4
HF (PKCa™ ) /MR (BB R2-3 1), &
R0 T ML R i 2R Mk B 4, R s 2] 4L B A B 4]

JHL BRI B0 o N T A AR I A R B
DUUE, VK EAEH 5 min ZLARLLA0ML, 20k 25
DR EI A AIMETTIE . R T 45 20 B AR AR IE A
LTS 7, RIS AL b 21 40 M 24 B % 10%FBS
) RPMI 1640, % MR U6H] A5 F T 40 i & 26 41 0
BT AN, AR, U T ANMME . 8 PKCat 4
o, PKCo™™ 41 T 40 i A A T $2 AT 88 1790 - /DL
CD3 1 CD3+CD28 HL i 1Y 24 FL KT =M PN, K 5%
48 h J WS4 -3 ) ELISA A9 J7 A6 0 20 Jf R 75
U BRI T AR T 96 FLERFRARN, H5
3572 h, TERSFREYEIG 18 h [ FRE B CH M
R , WA A0 AN T 20 L3 K 5. CSFE J
BB P W A G, 53 ff 5 TV B B B D S e P
SR N, TR E M POGMER Y, b
200 A 4T R R 2 AN M . FERG B SRR
e TS, H&BRULIWI 6 CSFE T T 4iiffl,
e 72 h 5, 454 Annexin V Y@ 7 20 40 i
ARATHTHFE ST 255 o ARSI i 40 B
A A LR =D E A 3 DA b, BRR S
w3 ANEAL.
1.3 CD4'T fparyikspsr4t

Wy 291 4k BE B A A B 4l A N B, 4R IR UL
B F5 ] CD4'T 41 i & 4 A 4 B PKCo™ 41 5§
PKCo™ 41 CD4'T 40, TH4k, JEseanavk g,
Pt -CD3 PR (2pg/ml) 3L, 76 TR 4 52 40 i
FEAER 251 F, F Thi7 40 0 B4 204k 4% 18 e 47 %
3% N TR AL 19 TGF-B (5 ng/mL, R&D Systems ) fill |
IL-6 (20 ng/mL, PrepoTech, Rocky Hill, NJ ) ,
IL4 (11B.11, 10mg/mL ) F1 IFN-y (XMG1.2, 15 mg/mL )
AIBTIAR . G ta mii 5e FH PMA+lonomycin X 41 ifd #il &b B
5he iTreg IUEEFRFEAF: PT -CD3 HLlA (1 pg/ml) |
Pt -CD28 P f& (1 pg/mL) | IL-2 (2.5 ng/mL) M
TGF-B (100 u/mL) o K757 3 d JG AR 4 E A T £
AN 2D ER 3R L, B 3 AL
1.4 FREEFE AR AIHA

W AR AR Ab 3 Ak R 40 B, S FH Bt —CD4 $ {4
(Th17 ) FA4T -CD25 Hifk (iTreg) HEATHHMIZRIH
P ge €, R G i T T ALV T [ AT
fL, FPC - /NELUIL-17. IFN=y F Foxp3 Hi 4 i
MY, 78 LSR I i 20 BrAL A I FRAS
H FlowJo BAFEAT45 R 0H7
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K HH SPSS 17.0 SeiH R X B - 7 48 124 4
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B R, WAL R T Student's £ K5 5,
P<0.05 AR L
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2 i 43 S0 S T PKCoc'™ 2H T 41 ( P<0.05 ),
$E78 PKCa X TCR 15 5155 T T 40 M3 5 A7 {2 2k
YEHT; [AIRF, Annexin V FHVERI4HEECRAE PKCa™
5 PKCo™™ 21 T 4[] Fb 35 25 5% g 24 5 X

(P>0.05) , #75 PKCo % TCR {555 F T 41
M gE TR AR (B 1B, #2) .
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[ ek TR CD3 CD3+CD28

B PKCo™™ 41 PKCo™ 41
4.9% 4.4% 3.0% 52%

Annexin V ——p

61.3%
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CSFE

B 1 TR IMEELER A CH IR ALK
W T AIIASMETEZE S (n=3) « a5 PKCo™ 41 1LEE, P<0.01,
B: JRANM AR T 4SR5 I T 255 e H] CSFE #r
JCEY T AIHIAE CD3+CD28 FiiAAFAE R B 5 W i, 15 PKCa™ 1ML,
PKCo ™™ 41 T AMAEIFRAR (2 R4 , (HFET-EM4Ih2E2A
e (AL + A EZR) .

F1 °HEBRBIERBNEGT T Ak sMEEER

(n=3, x+s)

251 SERE oy i CD3 CD3+CD28
PKCo™ 41 027+0.04 1567151  20.61+1.58
PKCo™ 41 078054  645+198  1224+042

i -1.625 6.404 8.880

Pl 0.179 0.003 0.001

T2 HmAMPEARET T MM IMEES BT ER
(n=3, x+s, %)

2151 I IGTE AT
PKCo™ 4 73+4 97+1.5
PKCo™™ 41 62+5 8.6+ 1.7

il 2.961 0916

P 0.042 0.412

2.2 HREFEKIER
MU CD3 AT, P4 12 Al b,
ZF AR (P>0.05) ; CD3+CD28 I ] 3 i,
PKCo ™™ 41 TL-2 A= B 17 %% PKCo™ 213 £2( P<0.01 )
(El2A, %3) . PKCo™ 4H7E CD3+CD28 {553t
IR -4, TL-17 A9 AR 3 PKCo™™ 2152 1)1
Il (P<0.01) (®2Cc, D, ¥£3) . P4l IFN-y
TCieTE CD3 HUjilaA 27 1) CD3+CD28 il e i
LR TG ITEE L (P>0.05) (K 2B, £3) .
R PKCa XF TCR 55 F TL-2 fAE R HIER
XFIL-4 | TL-17 A SR AR HEFE T, XF TFN-y f4:
BTG R
2.3 CD4'T fhpafksdsr LR
F TGF-B 17 78 [ 4 1 &, PKCa™™ 4l iTreg
( CD25"Foxp3" ) A= i PKCa™ 2H HH B 3% 22 ( P<0.05 )
(E3A, #4) , 1 Th17 40 1% PKCo™* 21 ] i
Wb (P<0.05) (3B, #4), /2R PKCa il
iTreg A1 . fieifk Th17 534k,

%* 3 CD3+CD28 H#l# T4 E F 4 1B R Lb 8

(n=3, xxs)

- IL-2 IFN-y 1L-4 1L-17
(ng/mL) (ng/mL) (pg/mL) (pg/mL)
PKCa™ 41 88+06 151+19 389+24 176x21
PKCa 41 152+15 149£33 1889 72:9
11 -6.792 0.082 13.594 7781
Pl 0.002 0.938 0.001 0.001
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A~D 3R P41 12, TFN-1y |

1L-4, TL-17 fEARFR S0 F IR A, a 2”5 PKCo™ 41 E%E, P<0.05.

A PKCa™" 41 PKCo” 41 %4 THACDA'T MAEtEIMN LG R
17% 17.8% (n=3, x+s, %)
igfn 2451 T T 40 Th17 4l
3 PKCo™ 4 118425 207 +2.5
2 PKCo ™™ 4 183+1.7 140+ 1.4
= 46.9% 38.5% 29.1% 51.5% tﬁ _3'752 4'053
D25 > P 0.020 0.015
B PKCo™ 41 PKCo™™ 41 3 -I«TJ- .L/E
20.0% 0.1% 12.7% 0.1%
: TE TCR FI&FI A H T FES T, 48
CDAT M rT IS E D 4 D EERHE: SHB)
= [ T 401 Th1, Th2, Th17 #liTreg, B35 H# A
= o 03% L% B3GR, 72 A AN TR A0 AR A P 40 i T 1~
TFN-y > EAANRBDI6E, PIEAVE AR LA X 45 o R
3 BRI CDA'T AN 5 I 45 R 7 2 3 A BB S R SCBEAE I Lol

A: PKCa HICHHAE S HEAE T 410 ( CD25 Foxp3™ ) Feik28 1k (£
EZMR); B: PKCo Bt RHT Th17 4 1L-177)Fh A ( 72 ERBR ).
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UESE, TCR JIGHE 2 15 1k PI3K/mTOR 15538 #§4%
B GATA-3 £ Y #7642 #F Th2 20 ML Y 431k ;
Oh %5 "V fymiFaT 26l AEXd i i Ao AR T 4
e, BRI BUR Der £2 3@ 1% AL PKCo SKITH
JBERGE D; Robert 2 " HRIE, W[ 14545 5 il
i Cav 1.2 TEFEMEHIFRIE T Th2 40 I, FEMK Cav
1.2 ZRIR AT Th2 4014 ) BE RS 04 I i 11 &
Az, X A R 45 R PKCou/B AR PE Y. Th17 48 A
S5 REE, RRGBEXTT R ZRMEEAEZE
FiH SR MEROR A &, T iTreg DI RE IS A 7R 2
A B i I 1 — A~ EE AL U, He % U BFITE
W, ¥ -PKC ##17%] ( AEBO71) GENH TCR/CD28
51 T 4H M35 Ab 2 E P 200 f P T35 1L-17A
A BT AR B RS ORI PE T g R, &
O 287 28 B R A I PRI v s — Y7 . T
Chen %5 P BRI INNIESE , 4 B2 AR AR5 b i L
AR CCL3, &k B i3l o 42 /& Akt Serd73
FRO Tl TR AR B SR AR T9E Foxp3 A VA8 ik DA T 9 45 98
P T 4 EaEtE. ik, PKCo ] REE I i 7 5
PI3K/Akt/mTOR {5 51l f# oK 4% Th2, Th17, iTreg
YRR 534

5 Pfeithofer 5 " i 48 5 —3, A5 F) H

H iR s e B AL & B PKCa fiEE TCR 55 F T
MR K, A CSFE #4454 Annexin V 4t
BT, SR SR R R A S 2 5 |
AL P I B T AN S R T T B . AR ST 45 R R B
PKCo 2% B TL-2 (AR B R I3 22, S A AT 25
IR, AR L FRY PKCo X TCR G5 F
IFN-y 2= RS A 3%, 5 Pfeifhofer 25 ' il 25 1
AN, ATRES PR B sl MR T A G,
HEARPUGI TG —PHR)

M, R BRI S B AT AN T
2, AW B R PKCo fE 3F T 40 JfE 384 58, Th2.
Th17 4534k, ] iTreg BIARL, ZAERAVEF
P, NTRES S YA AE . AR S R P g
B E L S W . A R, RGBT RE A B
G PEME IR ) B o E— 2 I FE AR G0 Ry ax o
P ) R 2 W BBy T BT A T )

(& % x W)

[11  Sun B, Zhang Y. Overview of orchestration of CD4" T cell
subsets in immune responses[J]. Adv Exp Med Biol, 2014, 841:
1-13.

2] Tullius SG, Biefer HR, Li S, et al. NAD" protects against EAE
by regulating CD4" T-cell differentiation[J]. Nat Commun, 2014,
5:5101.

[3]  Ishigaki K, Shoda H, Kochi Y, et al. Quantitative and qualitative
characterization of expanded CD4" T cell clones in rheumatoid
arthritis patients[J]. Sci Rep, 2015, 5: 12937.

[4]  Lim PS, Sutton CR, Rao S. Protein kinase C in the immune
system: from signalling to chromatin regulation[J]. Immunology,
2015. [Epub ahead of print]

[5]  Dustin ML. PKC-0: hitting the bull’s eye[J]. Nat Immunol,
2011, 12(11): 1031-1032.

[6]  Zanin-Zhorov A, Dustin ML, Blazar BR. PKC-0 function at the
immunological synapse: prospects for therapeutic targeting[J].
Trends Immunol, 2011, 32(8): 358-363.

(71 VRNT, BSA0GE, 8TE, 4. PKCO HYZEHL T RE B L AE e
ARSI T E R (0], A0 5 03 7 i 43 | 2012,
28(3): 312-314.

[8] Baier G, Wagner J. PKC inhibitors: potential in T cell-dependent
immune diseases[J]. Curr Opin Cell Biol, 2009, 21(2): 262-267.

[91  Tan SL, Parker PJ. Emerging and diverse roles of protein kinase
C in immune cell signalling[J]. Biochem J, 2003, 376(Pt 3):
545-552.

[10] Gruber T, Hermann-Kleiter N, Pfeifhofer-Obermair C, et al.
PKC theta cooperates with PKC alpha in alloimmune responses
of T cells in vivo[J]. Mol Immunol, 2009, 46(10): 2071-2079.

[11] Pfeifhofer C, Gruber T, Letschka T, et al. Defective 1gG2a/2b
class switching in PKC alpha™ mice[J]. J Immunol, 2006,
176(10): 6004-6011.

1358



EORVECE BVA ] P E S RILFEE Vol.17 No.12
2015 4F 12 A Chin J Contemp Pediatr Dec. 2015
[12] Oh H, Ghosh S. NF-kB: roles and regulation in different CD4(+) activation of CaV1.2 channels selectively controls human TH2-

T-cell subsets[J]. Immunol Rev, 2013, 252(1): 41-51. lymphocyte functions[J]. J Allergy Clin Immunol, 2014, 133(4):
[13] Yamane H, Paul WE. Cytokines of the y(c) family control CD4' 1175-1183.
T cell differentiation and function[J]. Nat Immunol, 2012, [18] Yang J, Sundrud MS, Skepner J, et al. Targeting Th17 cells in
13(11): 1037-1044. autoimmune diseases[J]. Trends Pharmacol Sci, 2014, 35(10):
[14] Yang L, Qiao G, Ying H, et al. TCR-induced Akt serine 473 493-500.
phosphorylation is regulated by protein kinase C-alpha[J]. [19] He X, Koenen HJ, Smeets RL, et al. Targeting PKC in human T
Biochem Biophys Res Commun, 2010, 400(1): 16-20. cells using sotrastaurin (AEBO71) preserves regulatory T cells
[15] Cook KD, Miller J. TCR-dependent translational control of and prevents 1L-17 production[J]. J Invest Dermatol, 2014,
GATA-3 enhances Th2 differentiation[J]. J Immunol, 2010, 134(4): 975-983.
185(6): 3209-3216. [20] Chen L, Wu J, Pier E, et al. mTORC2-PKBo/Aktl Serine 473
[16] OhJW, Kim EY, Koo BS, et al. Der 2 activates phospholipase phosphorylation axis is essential for regulation of FOXP3
D in human T lymphocytes from Dermatophagoides farinae Stability by chemokine CCL3 in psoriasis[J]. J Invest Dermatol,
specific allergic individuals: involvement of protein kinase 2013, 133(2): 418-428.
C-alpha[J]. Exp Mol Med, 2004, 36(5): 486-492.
[17] Robert V, Triffaux E, Paulet PE, et al. Protein kinase C-dependent (ACHf: )

-1359-





