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SItt. Atsted wlElNl C= EZ 59 4% (glucose transporter; GLUT) &
Foto] FeAor Fdr, SdY vEY Cx YEFE HE
W C 4% (sodium-dependent vitamin C transporter; SVCT) ol 2] 3l 4]
ANUAE Abgstr FETh ES BlERY C o] W Mgyt
ol #ofsk= Aow dEA Uk sHAIRE AF7HA Al T ®E
T-ollA SVCT EAjel vlEtRl Co] &2 ofr] # dejA A &t
wheba 2 Aol = AR T HEgOlA niEkd C7F T HE A 2
Astel mAE S dotm it

e

W A gxdde T 25 e & wjgein T 1=
oM SVCT A4S &elshy] flste] wldA = B3k 4843t
of THELAMIS, Srdid HAEY, HAYRIN 55 7Y
stinh wlEk C7F T HETY] AEFTA, AXE APE, G435 A=
of mA= dFe Hsty] Slste] FAFs A Ee Fo HEW C
= A7rerda, AlE W viEl C 5% 57, Annexin V, PI 4] &
A ZREA], ek 48A1ZHA] [PH]-thymidine &7 =7, AlzujFe] o

IL-2 55 S35 9% ELISA, 843} A W %xzkel CD6Y,
CD25 I <1, DCFH-DAR S ©]§% A3Z Wl ROS & 574, NF-
kB, c-dun &4 =4 = AW

A A3t del H7kek 1w s vER CE T X9 Ax234
= gAstglen, Alxabd ®=3 freskgivh AW A3 3

AlZbe] 7bE sk HER CE AIETA S E80ld AlE A

ol
\e}
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of dutE &S dehlA gt L2 EHlE vlastes &3}

Aol H7pet 5ol dhstanh. ¢ @/de] as® HlER C7F T

dxarel s oAkl dehd @RlA etry] stk

CD69%l CD259] a5 &elgh A}, CD252] wado] s o] A

ohomlEd T dEgehs g 24 T dEas 243 ¥ 2A%
T

O:

qho] At Jxo Hletyl CE &5ste], €43 AA7 T 22+
o] HEMY C &5 FXTS Flstdth. A3t Tast 9
Bl C

k3
Aol FA4A dFE v ol obrte
Zlell dojufol & o] BAo] ROS7F LA sk, k)
HElY C ROSE AAToZM o5 FAo] Adojupi= AL W)
371 wie] vebd A oz AZ@ch nlety co ol
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L-gulonolactone oxidase 7} $loiAl ®IEFNl ¢ & AA= 94 8k
Ach. wepd Aol wER C & % AFder st B4
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C <% (sodium-dependent vitamin C transporter; SVCT)E %3]

T 2], Aksts wlERR] C (dehydroascorbic acid; DHA):= X%

4

%Al (glucose transporter; GLUT-1, 3, 4)& &34 23]
SVCT + % IJdi= ¥l C & AX U= +F8 i YEFS

deg i, FHZEE SVCT-1 3 SVCT-2 7} EA%tH4-9).
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AfolE7RQIOIL CTLA4 9 22 RxAsiaAs Zdste] T
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eI, T AllEARRl 2H] SR wouke S
s AL oAl & 5 vk APIEFRL T L2 =
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A7l 8% dedoltH13]. &4dste T "X oA IL-2 2
ozt AR Ll FAAFAF(ROS) [14]0] o8 FAETE 2

E £A A= F vEZEglol HahA- | of A
S ROS & NF-
PMAJionomycin A= 30 = el dAFstAIQl  N-_-acetylcysteine
(NAC)E A}g3te] ROS & 4 AlFHS Wl IL-2, IL-4 939

Aagorm, NAC w57t s7t8ss I wds HAsHlvh15].

M

w3k wpeA T ¥ZFE Con A 5 PMAJionomycin A 10
A lipo A A, hydroxyl radical <A #)], oxygen radical <A A &2

FAFAE  Agae  WE AEEAT w2 B

il

o] A 8} 91 31[16], nonpermeant electron acceptor ferricyanide, iron chelator,
butylated hydroxyanisole (BHA) ¢ &AtstAl &A1 3t
PMA/ionomycin 0.2 A=3S W% vl T HX Y AEF2
IL-2 =84 4dHS JASA Y17, 18]. AT T HEZ S mitogen
A= % 24 AZHAO lipo 9 AIAl, hydroxyl radical A, oxygen
radical AA] ¢ FrstAE AelS W S AAsHA

A, e As A Ee A 2 ARE ojdel HrF S wiwt
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oJAletITHL6]. 1yt A8k 2 o]l 9 dojuEAe AAE
A A A ket

HER ¢ & ¥H AX U9 ROS & AAse= AHsh
FAastA 2 A 2 A A 1om[19, 20], T HEF A5t FTFS
=of, AAZ, vER ¢ 7F T g2 o] ulXE Jol| i ohekdt
ATEe] BT WA, HE € 7 T HEF FHAA
2345 dedE AR Qv HER ¢ & R
TOIERRESY T YEFE in vito oA AEFH  FEo)
S7Fek e 21]. 1€ e C & 3 5 B¢ AFHE 32 AlEY
T HZ9% in vitro oA AEZF2 5ol F7stlvh22]. AdA
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MEZF2 0] F7FsFETH23]. In vitro ©A4 0.4 ~ 10 mM H]EFTL C
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A 7}3kal, PMAfionomycin 2.2 5 A7k
& AFEHAS W L2 ol FHAsklTH6]. AP T " ARl 250
uM BIEFT C & 18 AIZF &<t HIMetSlE W Mz AES T IL-2
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ol AMedsty a7 9Y3)Q IRB oA 591S WHQlTH(C-1208-149-
424). A3 20 oA 40 of Abele] A Ak 10 W tid e R Skl
gl AMEZ2 vtz Ao ARE5FI T

2. AlE W Aot

D2yl Gl A (PBMC):= Ficoll-paque PLUS (1.077+0.001 g/ml,
GE Healthcare, 17-1440-02)5 o]&3to] Uxu] AHFE=E
TR 3 AL, CD3+ T #3254+ nagative selection pan T cell isolation kit ||
(Cat. No. 130-091-156, Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany) 2} LS column (Cat. No. 130-042-401, Miltenyi Biotec GmbH)=

AHE-3l negative selection 3ttt gt T H3Z 7= anti-CD3-PE (Cat.

No. 347347, Becton Dickinson, NI, USA) 2 ¢ A 3&to] FA| E8AS 3

e

wj 95% o]4te] +=EE Felatelth
=

Daegu, Korea)ell 10% fetal bovine serum (Gibco, 16000-044), 1%

gh
z

T ¥X+= RPMI 1640 (Cat. No. LM 011-01, Welgene,

penicilin/streptomycin, 1% GlutaMAX™ (Gibco, 35050-061), 1 mM sodium
pyruvate (Gibco, 11360-070), 1% non-essential amono acids (Gibco, 11140-



050), 55 uM 2-mercaptoethanol (Gibco, 21985-023)5 3 7}35l]

) 3 e,

3. A =T E A AHHS(RT-PCR)

Ab T 9= A RNA = Trizol (Cat. No. 15596026,
invitrogen, USA)= AR§-3to] FEeFqith. 242+e] sZefolm = hSVCT-
1 (sense; 5-GCC CCT GAA CAC CTC TCA TA-3, antisense; 5-ATG GCC
AGC ATG ATA GGA AA-3'; 360 bp), hSVCT-2 (sense; 5-TTC TAT GCT
CGC ACA GAT GCC-3, antisense; 5-TAA AAG CCA CAC AGC CCC
CTA C-3'; 667 bp), GAPDH (sense; 5'-GTG GAG TCT ACT GGC GTC TT-
3', antisense; 5'-GCC TGC TTC ACC ACC TTC TT-3; 509 bp)©] t}. SVCT-

13 -2 Z2to] ™ 9] annealing &%+ ZH7} 55T, 61°C o]t}

4. 55 iz = 7 AR(Western blot)

AFE T HZG8] dA AlE &8 E2 RIPA buffer (50 mM Tris-
HCI (pH 7.4), 150 mM NaCl, 1% sodium deoxychloride, 0.1% SDS, 1%
triton X-100, 2 mM EDTA, protase inhibitor) S ©]8-3}o] At} w2
55+ BCA assay & &l % sttt @A 20 pg > 12% SDS-
PAGE = 2] 3}aZ, nitrocellulose membrane ol %1t} 0.1% (v/v) Tween
20 ¥} 5% (w/v) non-fat milk ©® & o] H7l¥E TBST | membrane =
Y, 1 A3 <t blocking 3131ttt Blocking $F membrane 2 1 %}
A2l goat anti-human SVCT-2 (Cat. No. SC-9927, 1:200, Santa Cruz
Biotechnology, CA)2} &7 4To|A] overnight &F21t}t. Membrane =

2 3 W2 0.1% (v/iv) Tween 20 ©] 3719 PBS & A & 2 A}



A Q1 HRP-conjugated anti-goat 1gG (Cat. No. SC-2020, 1:10,000, Santa
Cruz Biotechnology, CA)} 37 Zd2ellA 1 AIZF F<F vleFatsitt.
Membrane & 5 #4 3 W2 0.1% (v/v) Tween 20 ©] 7}¥ TBST &
A % enzyme-linked chemiluminescence (ECL detection kit, Cat. No.

RPN2132, Amersham, GE Healthcare, UK)= | 2] 5} 31t

T 9ZFE 7 Sgo|= o] BF F 4LolA 1 Az

O

Zol wjokalgdtl PBS = 3 3] 44 T A|EZ 4% PFA £ 20 E7F

=
o2
_O|L
52
g
4@

, PBS & FA|&}al, 10% normal donkey serum © =
oA 1 AIZE F<F blocking ¢ % 1 Ak &A<Q1 goat anti-human
SVCT-2 (Cat. No. SC-9927, 1:100, Santa Cruz Biotechnology, CA)=
2ol 1 AIRE 9 wieFaksith PBS 2 3 3] Al § 2 A} FAR]
donkey anti-goat Alexa 555 (1:500)= 7oA x}g8 AeE|=2 1 AI3F
Qb wiekstlth. PBS = 3 3] Al = 3 S 9lE] DAPI
(1:4000)5 Ar2o) A =338 AElZ 30 ¥ FoF vjekslich PBS 2
3 3] A ¥ mounting solution (Cat. No. S3025, DakoCytomation,

USA)S AME3t] AW Eetol=E g, oA 2 AlZF B9k wljof

Al T O®HESF Ee dF HEW C v SA4L 24-

dinitrophenylhydrazine (DNPH) method & ©]&-3}SItH[29]. AlE



FHES FH 10% meta-phosphoric acid (Cat. No. M6288, Sigma,
USA)¢l 10 B3+ &3 & ARz ASAS AT A5 A
0.027 M cupric sulfate (Cat. No. C-1297, Sigma) ¢} 10 &3+ vl % 0.68
M thiourea 2 % 7}3F3ith 0.1 M DNPH (Cat. No. D199303, Sigma)Z
H7F % 37C FxollA] 3 AlZE F<F wikstelty. 1 %, 65% sulfuric

acid (Cat. No. 83010-0350, Junsei, Japan)E 3 7}slal, 520 nm 3}7-of| A]
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S
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7. AZ FH 3

A T "3 4= 96-well plate o] =53} 3%, phorbol-12-myristate-
13-acetate (PMA; 10 ng/ml, Cat. No. 524400, Calbiochem, San Diego, CA) 2}
ionomycin (50 ng/ml, Cat. No. 10634, Sigma) =+ dynabeads human T-
activator CD3/CD28 (Cat. No. 111-31D, Invitrogen)= A}=3}o] 37C, 5%
CO2 wjk7]ellA wikstlty. &Adste T A== 48 AlE Fo 1
uCi/well [Methyl *H]-thymidine (Cat. No. ART0178, American radiolabeled
chemicals)s #gl&ta, 16 A+ F7F wjsidity. WAbs2 p-Ad
SA7IZ 54350, == AWELS quintuplicate 3131 TF.

8. A2EAFE A

AbgE T |19 24-well plate o #3313, PMA (10 ng/ml),

ionomycin (50 ng/ml) o2 2= 2 AJZF Mo 1 mM HIEF C & 7}
A ek T R (L

10%)= Annexin V binding buffer (Cat. No. 556454, BD pharmingen)?]

3 24 N3 F9F 37°C, 5% CO2 Hjok7]



43 5 Annexin V (Cat. No. 556420, BD)%} 15 #7F wje¥slaich.
Propidium iodide (P1) (Cat. No. 556463, BD):= 4] 2l Ao 3 7}sl3ith,

#2171 7]:= FACS calibur (BD Bioscienes, San Diego, CA)E A3} T}

9. +AIEZ 4 (FACS)

Ab T " 91 x 10%tube)= FACS tube & %714 0.05% bovine
serum albumin (BSA, Cat. No. 0332, Amresco)©| #7}¥ 2712 PBS 2
2 W G418} 3L, anti-human CD69-FITC (Cat. No. 555530, BD) 0.2 pg, anti-
human CD25-FITC (Cat. No. 555431, BD) 0.2 pg = d-2oj4 30 & =<

wjoFstelt, Ag & 2 W =4 3}o] FACS Calibur 2 %2139t}

10. AFO] BRI oF &7

AFE T X5 x 10%well)= 24-well plate o] ¥F3}17, 500 pM
HE ¢ & #H7F $ 2 Ak PMA (10 ng/ml), ionomycin (50
ng/ml) o2 2= 3} th(Before). T, A= & 24 A|7bA wlER
C & 7stal(After), 36 AHA ZF 159 Adsds B IL-2
ELISA kit (Cat. No. KHC0021, Invitrogen)S AF&3lo] IL-2 4

=455

11. A= Y ROS &5 =74

o

AEZ W EAskE ROS FE& ¥ S 2, T7-
dichlorodihydrofluorescein-diacetate (DCFH-DA) (Sigma, St. Louis, MO)%&

o]-§ato] SAFATHI0]. Feld A T HZFE 24-well plate ©]



well F 1x10° 7§ H3-3}a1, 50 uM DCFH-DA & #] ]3] 37°C ol A

b HjeFstTh. PBS Z Al F 24-well plate o THA]

Mo

30

1H

HjoFslAth AFE T "Xt vlER € H7F & 20 4] PMA (10
ng/ml), ionomycin (50 ng/ml)= =}=3ska, 2 AJZF &<t viSF $ FACS
Calibur = FITC Folx  FFs FAsiclt.  FAstsd

ANHdoZHE 6, 12 A T X Y RO

w
-
N
|\
o
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N,
oX
i

Alzro]l 7] 30 & Aol DCFH-DA <} uj¢k, PBS <A, Al Hi=]<]

AFE T X1 x 10%well):= 24-well plate o 531, 1 mM
HE C & #H7F ¥ 30 ¥ F PMA (10 ng/ml), ionomycin (50
ng/ml) .2 2= &} th(Before). =+, A= & 5 A|ZHA] HIEM] C &

A7Vstal(After), 45 + F 7 25 AEEES oA Nuclear

extraction kit (Cat. No. 10009277, Cayman.) S A}-&3fo] il H2] &k}

=88t & U NFxB @& <2 NF-«B (p65) transcription factor assay

kit (Cat. No. 10007889, Cayman.) S Al-&-35}¢ 5415} t},

29 ol gtk



=
>
>
s
_|
o,
[ &l
-
=2
R
i
oX,
o
=2
=)
yli
(0]
<
@)
_|
i
et

i‘

AbgE ) W] vlERl € = FE Y FdEE SAETH31)
g BlEtl C = AF T "HEZF7F F55kE ™ SVCT 7F S el of
sh=dl, AF7HA AFg T 9= o] SVCT 9 &A1= 2 deAd A
St wmebd AR T ®HEAe] SVCT 7F &4 eb=A gRlsha,
ddstE SVCT 2ddo]l TrbshAl &ls RHokth Al 2x

oA T HEZFE 23 & PMA (100 ng/ml)2} ionomycin (500

ng/ml) 2|2 0, 24, 48 A+ <k B3t A & MELEZFEH

mRNA = FE3to] SVCT-1, 2 Td ol¥E RT-PCR & &3
golatgity. 1 A3, sveT2 ¥ #=H%on @43 Al mRNA

SVCT-2 &= &3} Al & o] T7ke Ae &l adth(Fig. 1E).

2 A T "X SVCT-2 7 EAEE A

gk, SVCT 7F A T "X ol 754 og2% HEm
5

C B ESF T S UEA GolRYTL T YELTE 48 AT



dithiothreitol (DTT)E AFE3}th SVCT & %3 Hlgfwl C 7}

ErHe= AL 27 98 sodium free buffer S AFg-3stgith 7hz+ 9

4
EAes 21dA DTT+VC 15X e= T €2+ u #HEW C
s S7HaL, SVCT & 538 wEld C
sodium free buffer+DTT+VC ZIFolA& T

BEh ulEll C 2 F4 @S 18 sk =45 9 chFig. 1F).

2. WIEFYL Co AR T 9T S0 mAE 9%

MERL C b AR T RET @46l ol JFe F:A
obir] g8l WA B A w= Fol @b HUS W AE

Z Al O
o 1=

sl Btk AR T ®EZFe] dF HER C sk

ol

AR 625 uM[40]%H aEkel 1 mM & F7Fekal, PMA (10
ng/ml)2} ionomycin (50 ng/ml) 1= anti-CD3/CD28 A= 2 A|7F %o

1 7}8 7 U (Before), 24 A1 7R 3 7} 31 a1 (After), 48 A1 A [PH]-thmidine

|\

(1 uCitwell)S A ste] 16 AlZF FF F7F Wi & PAbs S4E
stk 2 A3 PMAJionomycin (Fig. 2A) %+ anti-CD3/CD28 (Fig.

B)o AL F7] Aol wEyl ¢ B AslW nEEw 455

k

ALFAe] ARG A A3 F 24 Az vE C B

A7Hle e s ol AESTA ] A ettt
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Figure 1. SVCT-2 expression on human T cells.

Human T cells were collected, total RNA was extracted, and cDNA was

synthesized. The expression of SVCT-1,

-2 was assessed using RT-PCR. The

PCR products were separated on 1% agarose gels and visualized by staining

with ethidium bromide (A). Cell lysate was extracted by using RIPA buffer.

The expression of SVCT-2 was assessed using western blot. The same amount

of cells lysate was separated on 12% polyacrylamide gel and transferred to

nitrocellulose membrane and visualized

by staining with ECL (C). Bands

were measured using an analytical software, and reported as the ratio of



SVCT-2 to B-actin or y-tubulin. HepG2 (hepatoma cell line) was used as a
positive control of SVCT-1, 2. Representive three experiments are shown (B,
C).

Human T cells were collected after 24, 48 h stimulation or not. Cells
were attached on a slide. The expression of SVCT-2 was assessed by
immunofluorescence. Data show a confocal microscopy image (E).

Human T cells (4 x 10° cells/group) were collected, and cultured with
PMA/ionomycin for 48 h. 0.5 mM vitamin C was treated, VC no treatment
(No VC), VC treatment (VC), VC treatment with DTT (DTT+VC), VC
treatment in sodium free buffer (Na* free buffer+VC), VC treatment with
DTT in sodium free buffer (Na* free buffer+DTT+VC) for 2 h. Then T cells
were collected and measured vitamin C concentration according to DNPH

method (F).



A) Before PMA/ionomycin After PMA/ionomycin
250 ik 250
£ 200 = < 200
T 150 T 150
5 100 5 100
;: 50 ?: 50
0 625 250 500 1000 0 0 625 250 500 1000
Vitamin C treatment (JAM) Vitamin C treatment (JAM)
B) Before anti-CD3/CD28 After anti-CD3/CD28
250 % 250
200 =——m= < 200
Z 150 Z 150
= 100 = 100
T 50 T 50
0 0
0 625 250 500 1000 0 625 250 500 1000
Vitamin C treatment (M) Vitamin C treatment (M)

Figure 2. The effects of vitamin C on the proliferation of human T cells.

Human T cells (1 x 10°/well) were plated in 96-well flat bottom and
different concentration of vitamin C (62.5 pM, 250 pM, 500 pM, 1 mM)
treated 2 h before activation (Before) or 24 h after activation (After). [*H]-
thymidine treated at 48 h, then cultured 16 h. PMA/ionomycin stimulation (A),
anti-CD3/CD28 stimulation (B).



3. A3 A Ex Fo wBw uekE Cb AR T 3

I Al ZAPE] v A= G

AEAPE FA4 5 stk AR T 24 vjekedlo] 1mM HEY CE
A 7)slar (Before), PMA (10 ng/ml) 2} ionomycin (50 ng/ml) =S A4
L, A= 5 24X3A BlEL CE H7Fskal (After), 484 7HA
Annexin V&} PI 94 & FAHEEA sHQlth 7 Ay dizTtel Hls)
Before 135 9] ArolQl= Al IS oF 40% A4S AL, After 1%
< 2 A7 ek 5, 243H7] Aol 1 mM HIERR] Ce thE
ol vlal Al T HEZF9] AZANE S FESHAARE &3t 5o

=tz a2 FFES T4 L 3ATHFig. 3).
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4 [0S 1347 .04 7612] IL.09 IERI
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Annexin V >

Figure 3. The effects of vitamin C on human T cell apoptosis.

Human T cells (5 x 10° cells/well) were cultured 2 h in a 24-well plate
with 1 mM vitamin C before PMA/ionomycin activation (Before) or vitamin
C added after activation for 24 h (After). Human T cells were isolated at 48 h

and FACS analyses to Annexin V and PI were performed.

= 1000

s .

2 7507 -
Ty s00
—_— .

T 250 — )

S Tx

£ o ——

Control Before After

Figure 4. High concentration vitamin C before activation affects human T
cell IL-2 production.

Human T cells (5 x 10° cells/well) were cultured in a 24-well plate 2 h
with 500 uM vitamin C before PMA/ionomycin activation (Before). After
activation, vitamin C added at 24 h (After). Culture supernatant was collected
at 36 h and IL-2 amount were analyzed by using human IL-2 ELISA kit. Each

dot of groups indicates different people and total 4 people.
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Figure 5. The effects of vitamin C on the activation marker of human T
cells.

Human T cells (5 x 10° cells/well) were cultured for 2 h in a 24-well
plate with 1 mM vitamin C before PMA/ionomycin activation and 3, 6, 12 h
after activation (A). After 24 h, human T cells were collected and cell-surface
expressions of CD69, CD25 were analyzed by flow cytometry.

Human T cells (1 x 10° cells/well) were cultured in a 96-well plate with
PMA/ionomycin. 1 mM vitamin C treated at 3, 6, 12, 24 h. [3H]-thymidine
treated at 48 h, and then cultured 16 h (B).
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Figure 6. Vitamin C concentration measurement in resting or activated
human T cells.

Human T cells were seeded at a density of 1x10%well in 24-well plates.
The group of 0 h were collected directly after isolation of human T cells. After
1 mM vitamin C treatment, cells were collected at 2, 24 hours and measured
vitamin C concentration according to DNPH method. Results are representive
of two experiments (A). VC no treatment (No VC), VC treatment (VC), VC
treatment with 3 mM DTT (DTT+VC), VC treatment with 3 mM DTT in
sodium free buffer (Na'-free buffer+DTT+VC) for 30 min, and treated PMA
(10 ng/ml)/ionomycin (50 ng/ml). After 2 hours, we collected human T cells
and measured vitamin C concentration. Results are representive of six

experiments (B).
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Figure 7. Effects of vitamin C on intracellular ROS levels by resting or
activated human T cells.

Human T cells (1 x 10° cells/well) were cultured 30 min in a 24-well
plate with 50 uM DCFH-DA. Vitamin C was pre-treated. After 20 min, T cells
were activated by PMA/ionomycin and then fluorescence was detected at
indicated times. DCFH-DA was treated after stimulation and vitamin C was

treated for 2 h.
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Figure 8. Effects of vitamin C on NF-kB activity by human T cells.

Human T cells (1 x 10° cells/well) were cultured in a 24-well plate 20 min
with 1 mM vitamin C before PMA/ionomycin activation (A). After activation,
vitamin C added at 5 h (B). After 45 min, cells were collected and isolated
nucleus by using nuclear extraction kit. NF-kB levels were analyzed by using

NF-kB (p65) transcription factor assay kit. Results are representive of three

experiments (A), six experiments (B).
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Figure 9. Effects of vitamin C on p-c-Jun by human T cells.

Human T cells (1 x 10° cells/well) were cultured in a 24-well plate 20 min
with 1 mM vitamin C before PMA/ionomycin activation. After activation,
vitamin C added at 6 h. After 24 hour, cell lysate was extracted by using RIPA
buffer. The expression of phosphorylated c-Jun was assessed using western
blot (A). The same amount of cells lysate was separated on 12%
polyacrylamide gel and transfered to nitrocellulose membrane and visualized
by staining with ECL. Bands were measured using an analytical software, and
reported as the ratio of p-c-Jun to y-tubulin. Results are representive of three

experiments (B).



]

A
A
=

=

T-ol =}

o

lipo & A A, hydroxyl radical |,

kv

T

ksl
e

atd AEF

¢}
[e)

7}
e

J

s
=

e
[26-28] 2}

L

=

=
=

7 A
LA

Ava

L

-

L

.

o}
k!

1

ha

A9l mEr Co AR T

AT E
=]
=

=

=

HERRl C

HEY C
AZEE IL2 BHE2 94

T
O -

oxygen radical <} A A

o 64|37t

al

T W
T T
g
>
= O
S/
ﬁ iy
. I m
e
S B
oF o) =
R
= @5
) M NJo
ﬂ \aU M
® % R
1;.._ 1_11_ -
fi’e] —
~ -
OM an &l
o8 Njo
— M
K = ==
‘_I _ZT ~
= il i
fo© = =
o =
W
o= 8
() S

(6]

o
_/[:

CE

‘g‘
kst

1

1o

pie

H| 7} Z7H23]
JEk Cc7b T &
1o} #HEste] AR T 9
s %

=
=

il

T2 HERl C

IL-2
3 B
E

]
=
s

Z A
q
43
GLUT-1, 3

o

=

Al

Z7

| —

R

dl, °l

L —

Wik QA A T

o] 9l

=
<91 H9 T cell line[38] ¥} Jurkat cell line[39]¢ll 4 H]EFY

al

X

AL
I

| —
R

t}
T Al

i

°
T
Ay



IR
S o]l SVCT-27F &4

97 gopq 1 EAE &

HlEk CE F

;1

7l Ce T2 ddgor =4
ol SVCT7F EAslof ghet. wheba] 2
HEFY C
7ol SVCT-27} &8, 2

I SVCT EA o5 gsl1
soich 1 A3 A
o] F7leta, o &
Al el

5o
|
tH(Fig. 1). =,

SVCT-2E %39

=2 &4 3
= | T =

>

%3 999 e cE

A

1T 29+ dodo] A= vl C

_>L

o] g}
HEb c7F A7bElE o AT 27, 28]
eSS s B985 F
of sz A A ot ek 24
HIERRD C7F AbRE T ®2ZAtel] vl

Hslo] A T

-
QLA T

L —

T

2 AAH26]0]

HIERRL C7F WA

B a7 Qi) A7k

L —

T

o]

>] SF

<

A=

Y7} 50%, 80% SIA|SHAIRE &3} $of H7bEw o]

& UERA githFig. 2). o) maeh ulaslny, 348
o] A 8kl Tk

Al
&

A 1 mM HEN C H7}7F PBMCSO Al EZ21S 50%

K a1[28]9} f+AFSE Aol



IAPES fEsta42], A= A 250 M HIEFY C HbE AR T |

Holths Bavh QrHz4l o140 HnE woke w, BHs A 3

b WE CF AR T YR AEAEE frsgl, @

ot 254 th=th mitogen A= A 250 uM HIEFY] C7F AFEE T

To BEES 0% Ta AZTHE HuR7]eh vk T @E
£0] 250 uM HIEF C FXEOlA] 20%, 500 pMoll A= 50% 74

SHTHE HA3717F qith i AdA oA 1mMY o AbE T ©x

T AEEO] ok d0% wadtel B C FES AEE dh A=

E‘ 1
o,
=
_>|:/
re
|
)
o7
=
iy
off1 off
=
<.
S
=
->1:
=]
kit
o
-
et
o
=
i
DX
w



=TH

7

7Y2 24X 7F E<F vjekst wf 1.5 mM B]EE C

=
-

ol A

T AEA

Ay

H]

R

/g—

]

Wk 2443 ok 4gATtole BABIE fEE AlEAIEo

g o A eloju

= IL-27}F

o

ZH QA A

DESER

a4l

L —
T

At Alo]EFEQl |L-2

ot T ¥

=
=

1t} PBMC

o
A

C7F T HZ 9] [L-2 #H]9)

' cD3*

7}E

=]
=
PMAZS} anti-CD3

=
=

PMAZS} ionomycin® 2 &43} A 20 mM HIEFTI C

A= 2

£

=
=

3ZEo| 7H4shal[26], PBMC

IL-2%Q1 A

b

5]

shoi[28].

4

N

).

b IL-2 28] 7}

7he | IL-2

file)
el
T

= A 1 mM HEI C

BN

H
RN

=]
=

HI e C7F

B

A k116, 17], &% H]EF] C7} Al EZA}

47

o sk defwt

=
=

P4 ekt Ba[24]7F ok § B
HIERY C7F A T

S

=
a

A

il

i, <

=3

KX
=

S(Fig. 2, 3)

EE!

Aysto]

FA ke RO o

el
100

J@.O

i

H] o]

Ay, AR Edsk A

=]
RN

IL-2

A7

TH S izl vls

IR0l L2



T Fbet Agells & AolE HolA SkTHFig. 4). T HEZTellA

IL-2 =5 Al MES2A el AlEAEe] fFdths We His

o] Qt} AEZA T I AEF(CTLL-2)OIA IL-2 A5 A] A=

S0 At Bavh QITH43). IL-2 84 EAWelZ IL-2
g

L TCRY} HEASEA A=

rlr

Hi%

¥2

of st A EZ2lo] thxtel vlE AAEAT, AESA == IFN-
o} A = A Th=
th[46]. T3k A4dstE CD4' T HEZF oA % IL-2 382> A

yE WH| k= ZFEA) 3 (effector cell) 3} %

A

o A 9}
AFAPES FEdths Barh QUH47]. 9 RuSe 2As], &

3k A AEk WER C7F AR T "HE9 IL2 EHIE S AIske]

Bu7F IvH16]. skx vk A3t & A e FAksA7F CD25 ¢ ol

nAE Gl taliM s e AA kT FASAZE v A T |

T 2Adst  AYEHE AlESAoIY L2 Yo Z FFE FA
e Zlo® Hol CD25 Hdoe & o] gls 7sAdol Atk

A7 E Itk §, CD69% CD25%} #ol T x4 &43 $ 18~ 24
Algrel Al WA Lol Skt @43 niA R delA St
[44]. CD69°] &S T HxF MEF 2o F Q3 Jak3/Stats5 pathway
5 A 5 desHbl], As7hA FAkskAlv vlERl C7F A

T HZ79 CD69 Tde| A= Tl delire dHAA &

R



HEFY] C7F Al
oo 2ds g Arkd aEE e

o}

AR

_
) SN
UL T I Ml %
I A R o row &
Bl o o d 0 X
Ok F 4 T T M P < wow e e W F o ow M
w o RN TR T o = E
< o M T W ;ox — i) Ty X TS K = .
5 E e on B 2w R S TR
FOEOR % ol T om T BT ™ < omow Pow
N = Mr“ .o M ~3 @o N L= X 1A - o oy M7M i Ne = %
M o < T % L T D AR o & A
R TR MNogow DR 1aﬂc,%wauﬂﬂg
™ - B =2 In e o ) wm b o 3 NI w o= ~ ,_._aAH
oy ™ L H X3 G S = U (S = Mox T KO
CA @ e w_.u moT N B o @o iy R To L R -
o s =l -~ C —  ©
R 8 - S iy WOE o - W =T N~ ]
S = Q 3 © 2y ny PR | = T o ©
o R . O 5 i w = = i = % NJo > " 0 Njo wma KR — o]
o g 4 = © F > s O R o I B x
~ ﬂﬂﬂnA%%D,g%wﬂg1iﬂﬂ Ty
) S y I ) = m L@ Ho M RO 1o~| T oo ml X o
in101Zﬂjfl;w;fg
wl &7 ﬂ_; ) = _ﬂn HL ‘A| > =n _;lorﬂ 2R vi ~ al N a 0 oy o
o - pat ‘m_yl MIL v T = i " 7o © — .om - | ) ar
K oz MW a = ® ) ™ Hoa a b Mo N b oR _GM
o X S 5 o =0 S e A T R ox % °
I N o %) *ON N 2 e
W?%%%%@ﬂﬂ7*%mtca@moMMﬂJ@V%
SN SO A I T P oo o B - koo i
L o TR L T N~ oo o T = = R % i
Q - 2 = 2 "T T i ! N — Q& = n
5) ) @) — R % o ™ RE - M -~ = ‘HW e Y 0 E
%win%y@ﬂzﬂ,ﬂ%u%ammwﬂa
RS R 2 A T S I ]
3 ARy NOX T g ) Z m oW O
o = ﬂL = X &
8 % &5 = < 1o N
O & = S T &
‘\w El_ 10 N
B oow



otell A &3t F ARt E A7kd as® wEkl orb AR T
W AEFAS A A E(Fig 5C), @493 F 3417 o H7b
¥ oalss WERL C7F AR T | FoEol YEY ddoR

X

wae] oshe, W@ ks T YEFE G

gt

F57k UAWA SAEA SUATL, B F 1243

o= Arstd Blek C F7F tizxdel wlal ofF 28) Frbskithe
Z,:

s
=
N
S
£
>
o
_|
o
[l
4l
kit
ok
o,
Lo
il
offt
:(I)L_v‘
I
i
[-'ET
@)
ot

@, k¥ viEl C 5 EF7F oF 2v) SUFekSAtH(Fig. 6). UVBE
ZALe AbeE ZHA A £S5 (HaCaT cell line)oll A BlEF C &7} 2A)%F
gro Z7kstld, olul Az W SVCT-10] Alxuto g o]
sto] HIERY C S50l 713tk Ravk QIUH45]. AR T "X
g3 Al H7ie 293 vER co AX U F57F 22413 1
S7te Azl 9 RauE nuws] By, @5 A5 A T €

T AxEA QW SVCT-27F AlEero g o]l%sto] vehd Aol

o

S AN ol HumEL Ba vheApR7sh A T

Yol BAs AIE AL O HE ¢ E5E HAaTHL A

e web Bs dol wiE wekEl C7b ArbEelE AR T

Yol Aol F4HA ik B4 AF FHE wEE vE

C7h A BAe) dBE Fe Aow

ol At T WET BHE AF F5E vE Crb GAEA
s}

ZA AE Y ROSE AA & o A=A skt 1 Ay, A



T d27 243 A H7td s s vE ce 243 T gAY
ROSE A171stith(Fig. 7). ¥4, vj&d Abgt T HZ ol 7t
¥ 5% vEW CE AXE U ROSE AlASATE flelA H
T H24= 37H9 sk HER CE 24X37HA A9 &

a4 X stl=tl(Fig. 6), %% BIEFY] C FH7FE 2AI%F whel]l Al
Ul ROS7F A8l Z1& thAh sk Adolth H|EA MEES
AES 98 GLUTE &8l 2ds Ssh=d[3], oI® GLUTE
3l AbstE wlER c7F S E S Aotk wkek v, vEA
A T "z oA AlE f 712 S8 vlEl c7F 3557 o
HE AER vusiggds AE U ROSE AAT £ S Zlow
Eapsi=y

olelgt A¥Ex FHdtel B uw, &3 d Hrtd 1sE vlE
Bocell gJaiA AbgE T " dAo] AsliHE S & F
T "X @438 27| dAsk: ROStE Alx F4stel ##d
NF-kB, AP-1 5 ZARIAES Wd & F7HAZITH15]. W2 I %
HIER C7F 2 AlXEoA NFxB S84 S Asistts RiEo]
Atk WA EZFA TNF-a Ab= % 5 mM BIEFRL C7F IKKE 9 A
3lol NF-xB &4 315 whi=t}= ® a7} QIUH[35]. F3F HelLa A3l
A TNF A= A 4 mM HlE C7} IKKBSF IKKa F4 %S oA
&to] NF-«B A3 d9S Walsar[3e], AFE AFEAELE AZFo
M TNF A= 7 10 mM BIEF C7) 1-kBa] 389 NF«xB2 &
AEE evtsE Rus YuHI7 9 RuE5S el AFY T gE
o E A3t 7)o LA ROSE 1% % BIEMY C7} A A 8o

A NFB BHS Welste], T ALy B0 AL 7hs



e AN webs BHE A Fol B2

i
=
off
kr
=
I
rﬂ
O
=2,

oja) Al T B o] NFxB 40l oA B & QA Blsn.
T

O Az, g3t Ay & RE
ZT NF«B A4S 7HAAZth(Fig. 8). thA] wall, NF-kB:= &4 3}

A A7k DS WE CE AR T 9ET 340l AdH AYE

HA7he alsk HIERRD G AR

I #o] AL Aow AzE.

NF-kBAH T HZ9 A3 &3l T3 AARIAZ AP-1
o] Qt}[52]. AP-12 c-Fos$} c-duniE o] o] = o] F1, FA3H
AP-12- IL-2 T2 R ES] Agste] IL-2 AAMS 2 38H57]. AP-19]
UL T fxg A= olyel ROSel fJa SUbethE HiE
o] 2t} Jurkat celle] mitogen A= ¢lo] 200 uM H,0,5 A3l ¢
Jun¥} c-Fos®] W&ol F7kstthe= Ra1[53]12} murine T cell line ESbell
200 pM H,0,5 A glahd c-June] wadlo] Frhstt= W av) Qo

[54]. HEd 2, FAksAI7F HE A X EofA] c-dun T 24

b4

O_L,

= 9A
stth= Hilso] Qlt}h HelLa cellolA UV HE+ casticin = {5 ¢
ROSZ Z7}¥ c-Jun 23l[55]% 4[58 NAC7} A8k tH= W
322} Human ML-2 leukemic cells®} normal human DET-551 fibroblasts ]|
Al HO,E =¥ c-dun mRNA E&¥-S NAC7F dAlgth= Bt
ATHSG6]. 91 BHiss Fal FaspARl wekd C7F A T HES
ANHE FA3 2] B ROSE AAGHY c-dune E4d-S 3|
atof, T "Hx4 ZAo] Asd 7tede Ade = 5 Stk wetA
23t A3 Fo H7bd asX vlEr coll o AFg T HEA19
c-dun &/gdo] oA A F A sy 1 A3, EA43 A3

A7he s WER C= AR T €29 cun 2o 2 dF

o



n 2] =] 2k SkTh(Fig. 9).

KN
=

RS}

3]

1A Lofrlofof & A

9|

of o

|

o

o
o

oe

| —
s

T2 #Ado] oAlH

T 9=

7+ FolRpe)

o] A A

7)ol A ojze] welA

sl

™ ™
= =

= AH8-3ITH48, 50].

wel

Eis

OO]:

il o

9]

7hE 1%

=]
=i

Aol s B3t A

213
T2 IL-2

=

H] 2} CD25

3T i=]
2 En

HIEFY C7F AFE T ®

)
~

ol

—_
fite)

e

—_

0

AA I ArlEAAS Aw A7l weol @ % v A

Tl AER PRE Fol A9 AA

A

g2 FAAA T |

=K

ojy

fIH48, 49]. whebd] Aprbuel s

%

Al

Al 7= |



(1) Nishikimi, M., R. Fukuyama, S. Minoshima, N. Shimizu, and K. Yagi.
Cloning and chromosomal mapping of the human nonfunctional gene for -
gulono-gamma-lactone oxidase, the enzyme for  -ascorbic acid biosynthesis

missing in man. J. Biol. Chem. 1994. 269:16895-16898.

(2) Stevenson NR, Brush MK. Existence and characteristics of Na*-dependent
active transport of ascorbic acid in guinea pig. Am. J. Clin. Nutr. 1969.

22:318-326.

(3) Vera J. C., Rivas C. I., Fischbarg, J., and Golde, D. W. Mammalian
facilitative hexose transporters mediate the transport of dehydroascorbic acid.

nature. 1993. 364:79-82.

(4) Faaland CA, Race JE, Ricken G, Warner FJ, Williams WJ, Holtzman EJ.
Molecular charaterization of two novel transporters from human and mouse
kidney and from LLC-PK1 cells reveals a novel conserved family that is
homologous to bacteria and Aspergilus nucleobase transporters. Biochim

Biophys Acta. 1998. 1442:353-360.

(5) Daruwala R, Song J, Koh WS, Rumsey SC, Levine M. Cloning and
functional charaterization of the human sodium-dependent vitamin C

transporters hSVCT-1 and hSVCT-2. FEBS Lett. 1999. 460:480-484.



(6) Rajan DP, Huang W, Dutta B, Devoe LD, Leibach FH, Ganapathy V,
Prasad PD. Human placental sodium-dependent vitamin C transporter
(SVCT2): molecular cloning and transport function. Biochem Biophys Res

commun. 1999. 262, pp. 762-768.

(7) Tsukaguchi H, Tokui T, Mackenzie B, Berger UV, Chen X, wang Y,
Brubaker RF, Hediger MA. A family of mammalian Na*-dependent _-ascorbic

acid transports. Nature. 1999. 399:70-75.

(8) Wang H, Dutta B, Huang W, Devoe LD, Leibach FH, Ganapathy V, Prasid
PD. Human Na’-dependent -ascorbic acid transport 1 (hSVCT1): Primary
structure, functional charateristics and evidence for a non-functional splice

variant. Biochim Biophys Acta. 1999. 1461:1-9.

(9) Wang Y, Mackenzie B, Tsukaguchi H, Weremowicz S, Morton CC,
Hediger MA. Human vitamin C (_-ascorbic acid) transport SVCT1. Biochim
Biophys Res Comm. 2000. 267:488-494.

(10) Wan YY, and RA Flavell. How diverse-CD4 effector T cells and their
functions. Journal of Molecular and Cell biology. 2009. 1:20-36.

(11) Wong P, and EG Pamer. CD8 T cell responses to infectious pathogens.
Annual Review of Immunology. 2003. 21:29-70.

(12) Littman DR, and AY Rudensky. Th17 and regulatory T cells in mediating
and restraining inflammation. Cell. 2010. 140:845-858.



(13) Malek, T. R. The biology of interleukin-2. Annu. Rev. Immunol. 2008. 26:
453-479.

(14) Nathan, C. Specificity of a third kind: reactive oxygen and nitrogen
intermediates in cell signaling. J. Clin. Investig. 2003. 111:769-778.

(15) Marcin M. Kaminski, Peter H. Krammer, Karsten Gllow. Mitochondrial
Reactive Oxygen Species Control T Cell Activation by Regulating IL-2 and
IL-4 Expression: Mechanism of Ciprofloxacin-Mediated Immunosuppression.

J. Immunol. 2010. 184:4827-4841.

(16) J. DORNAND & M. GERBER. Inhibition of murine T-cell responses by
anti-oxidants: the targets of lipo-oxygenase pathway inhibitors. Immunology.

1989. 68:384-391.

(17) Chaudhri, G., Clark, 1. A., Hunt, N. H., Cowden, W. B., and Ceredig,
R., .1. Effect of antioxidants on primary alloantigen-induced T cell activation

and proliferation. Immunol. 1986. 137:2646.

(18) Geeta C. Antioxidants Inhibit Proliferation and Cell Surface Expression
of Receptors for Interleukin-2 and Transferrin in T Lymphocytes Stimulated
with Phorbol Myristate Acetate and lonomycin. Cellular Immunology. 1988.

115:204-213.

(19) Frei, B., L. England, B. N. Ames. Ascorbate is an outstanding antioxidant
in human blood plasma. Proc. Natl. Acad. Sci. USA, 1989. 86:6377—6381.



(20) A. Bendich, L.J. Machlin, and O. Scandurra. The antioxidant role of
vitamin C. Free radical biology & medicine. 1986. Vol. 2;419-444.

(21) Kennes, B., Dumont, 1., Brohee, D., Hubert, C., Neve, P., Effect of
vitamin C supplements on cell-mediated immunity in old people. Gerontology.

1983. 29:30-310.

(22) Anderson, R., Oosthuizen, R., Maritz, R., Theron, A., Van Rensburg, A.J.
The effects of increasing weekly doses of ascorbate on certain cellular and
humoral immune functions in normal volunteers. Am. J. Clin. Nutr. 1980.

33:71-76.

(23) Noh, K., Lim, H., Moon, S.K., Kang, J.S., Lee, W.J. Lee, D.S., Hwang,
Y.l. Mega-dose vitamin C modulates T cell functions in Balb/c mice only

when administered during T cell activation. Immunol. Lett. 2005. 98:63—72.

(24) Campbell, J.D., Cole, M., Bunditrutavorn, B., Vella, A.T. Ascorbic acid is
a potent inhibitor of various forms of T cell apoptosis. Cell Immunol. 1999.

194;1-5.

(25) Siegel BV, Morton JI. Vitamin C and the immune response. Experientia.

1977. Mar; 15;33(3):393-5.

(26) Christoph Hartel, Tobias Strunk, Peter Bucsky, Christian Schultz. Effects
of vitamin C on intracytoplasmic cytokine production in human whole blood

monocytes and lymphocytes. Cytokine. 2004. 27:101-106.



(27) Eylar, E., Baez, 1., Navas, J., Mercado, C. Sustained levels of ascorbic
acid are toxic and immunosuppressive for human T cells. Proc. R. Health Sci.

J. 1996. 15: 21-26.

(28) Sangeeta Tatla, Vanessa Woodhead, John C. Foreman, and Benjamin M.
Chain. The role of reactive oxygen species in triggering proliferation and 1L-2

secretion in T cells. PII. 1998. S0891-5849(98)00133-6.

(29) Joseph H. Roe, Carl A. Kuether. The determination of ascorbic acid in
whole blood and urine through the 2, 4-dinitrophenyhydrazine derivative of
dehydroascorbic acid. The Journal of Biological Chemistry. 2012. 147:399-
407.

(30) Keston AS, Brandt R. The fluorometric analysis of ultramicro quantities

of hydrogen peroxide. Anal Biochem. 1965. 1:1-5.

(31) Gerald F. combs, Jr. The vitamins. Fundamental aspects in nutrition and

health. 4thEd.USA:Elsevier. 2012. p.237.

(32) Kaminski, M., Kiessling, M., Su™'ss, D., Krammer, P.H., and Gu'"low, K.
Novel role for mitochondria: protein kinase C 6-dependent oxidative signaling
organelles in activation-induced T-cell death. Mol. Cell. Biol. 2007. 27;3625—
3639.

(33) Nakamura, H.; Nakamura, K.; Yodoi, J. Redox regulation of cellular

activation. Annu. Rev. Immunol. 1997. 15:351-369.



(34) Bowie AG, O'Neill LA. Vitamin C inhibits NF-kappa B activation by
TNF via the activation of p38 mitogen-activated protein kinase. J. Immunol.

2000. 165(12):7180-8.

(35) Carcamo JM, Pedraza A, Borquez-Ojeda O, Zhang B, Sanchez R, Golde
DW. Vitamin C is a kinase inhibitor: dehydroascorbic acid inhibits

IkappaBalpha kinase beta. Mol Cell Biol. 2004. 24(15):6645-52.

(36) Son EW, Mo SJ, Rhee DK, Pyo S. Vitamin C blocks TNF-alpha-induced
NF-kappaB activation and ICAM-1 expression in human nuroblastoma cells.

Arch Pharm Res. 2004. 27(10):1073-9.

(37) HyungGun Maeng, Hyunja Lim, Young-joo Jeong, Ami Woo, JaeSeung
Kang, WangJae Lee, Young-il Hwang. Vitamin C enters mouse T cells as
dehydro ascorbic acid in vitro and does not recapitulate in vivo vitamin

Ceffects. Immunobiology. 2009. 214 311-320.

(38) Benjamin S. Weeks, Pedro P. Perez. Absorption rates and free radical
scavenging values of vitamin C-lipid metabolites in human lymphoblastic

cells. Med Sci Monit. 2007. 13(10): BR205-210.

(39) Jae B. Park and Mark Levine. Intracellular Accumulation of Ascorbic
Acid Is Inhibited by Flavonoids via Blocking of Dehydroascorbic Acid and
Ascorbic Acid Uptakes in HL-60, U937 and Jurkat Cells. J. Nutr. 2000. 130:
1297-1302.

(40) Sebastian J. Padayatty, MRCP, PhD; He Sun, PhD, CBS; Yaohui Wang,



MD; Hugh D. Riordan, MD; Stephen M. Hewitt, MD, PhD; Arie Katz, MD;
Robert A. Wesley, PhD; and Mark Levine, MD. Vitamin C Pharmacokinetics:
Implications for Oral and Intravenous Use. Ann Intern Med. 2004. 140:533-
537.

(41) Jae Seung Kang, Daeho Cho, Young-In Kim, Eunsil Hahm, Yoolhee
Yang, Daejin Kim, Daeyoung Hur, Hyunjeong Park, Saic Bang, Young Il
Hwang, Wang Jae Lee. _-Ascorbic acid (vitamin C) induces the apoptosis of
B16 murine melanoma cells via a caspase-8—independent pathway. Cancer

Immunol Immunother. 2003. 52:693—698.

(42) Jee Eun Kim, Jae Seung Kang and Wang Jae Lee. Vitamin C Induces
Apoptosis in Human Colon Cancer Cell Line, HCT-8 Via the Modulation of
Calcium Influx in Endoplasmic Reticulum and the Dissociation of Bad from

14-3-3B. Immune Network. 2012. 12(5):189-195.

(43) Gillis, S., M. M. Ferm, W. Ou, and K. A. Smith. T cell growth factor:
parameters of production and a quantitative microassay for activity. J.

Immunol. 1978. 120:2027.

(44) Gordon Cook, John D. M. Campbell, Christine E. Carr, Kelly S. Boyd,
and lan M. Franklin. Transforming growth factor f from multiple myeloma
cells inhibits proliferation and IL-2 responsiveness in T lymphocytes. J

Leukoc Biol. 1999. Dec;66(6):981-8.

(45) Jae Seung Kang, Ha Na Kim, Da Jung Jung, Jee Eun Kim, Ga Hee Mun,
Yeong Seok Kim, Daeho Cho, Dong Hoon Shin, Young-1l Hwang and Wang



Jae Lee. Regulation of UVB-Induced IL-8 and MCP-1 Production in Skin
Keratinocytes by Increasing Vitamin C Uptake via the Redistribution of
SVCT-1 from the Cytosol to the Membrane. J. Investigative Dermatology.
2007. 127, 698-706.

(46) Malek, T. R., A. Yu, P. Scibelli, M. G. Lichtenheld, and E. K. Codias.
Broad programming by IL-2 receptor signaling for extended growth to
multiple cytokines and functional maturation of antigen-activated T cells. J.

Immunol. 2001. 166: 1675-1683.

(47) C. Ropke, P. Gladstone, M. Nielsen, N. Borregaard, J. A. Ledbetter,
A. Svejgaard, N. dum. Apoptosis following interleukin-2 withdrawal from T
cells: evidence for a regulatory role of CD18 (B2-integrin) molecules. Tissue

antigens. 1996. 48: 127-135.

(48) Faulds D, Goa KL, Benfield P. Cyclosporin A review of its
pharmacodynamic and pharmacokinetic properties, and therapeutic use in

immunoregulatory disorders. Drugs. 1993. 45; pp. 953-1040.
(49) Makover D, Freundlich B, Zurier RB. Relapse of systemic lupus
erythematosus in a patient receiving cyclosporine A. J Rheumatol. 1988.

Jan;15(1):117-9.

(50) Henk-Jan Schuurman. Modern Immunosuppressives. Birkhduser. 2001.

29.

(51) Martin P, Gomez M, Lamana A, Cruz-Adalia A, Ramirez-Huesca M,



Ursa MA, Yéhez-Mo M, Sénchez-Madrid F. CD69 association with
Jak3/Stat5 proteins regulates Th17 cell differentiation. Mol Cell Biol. 2010.
Oct;30(20):4877-89.

(52) Peter Angel, Michael Karin. The role of Jun, Fos and the AP-1 complex
in cell proliferation and transformation. Biochim Biophys Acta. 1991. Dec

10;1072(2-3):129-57.

(53) Beiging L, Chen M, Whisler RL. Sublethal levels of oxidative stress
stimulate transcriptional activation of c-jun and suppress IL-2 promoter

activation in Jurkat T cells. J Immunol. 1996. 157:160-169.

(54) Los M, Drige W, Stricker K, Baeuerle PA, Schulze-Osthoff K. Hydrogen
peroxide as a potent activator of T lymphocyte functions. Eur J Immunol.

1995. 25:159-165.

(55) Yoram Devary, Roberta A. Gottlieb, Tod Smeal, Michael Karin. The
mammalian ultraviolet response is triggered by activation of src tyrosine

kinases. Cell. 1992. 71, 1081-1091.

(56) Collart FR, Horio M, Huberman E. Heterogeneity in c-jun gene
expression in normal and malignant cells exposed to either ionizing radiation

or hydrogen peroxide. Radiat Res. 1995. May;142(2):188-96.

(57) Matsuda S, Moriguchi T, Koyasu S, Nishida E. T lymphocyte activation
signals for interleukin-2 production involve activation of MKK6-p38 and

MKK7-SAPK/INK signaling pathways sensitive to cyclosporin A. J. Biol.



Chem. 1998. 273:12378-12382

(58) Fanxiang Zeng, Li Tian, Fei Liu, Jianguo Cao, Meifang Quan, and
Xifeng Sheng. Induction of apoptosis by casticin in cervical cancer cells:
reactive oxygen species-dependent sustained activation of Jun N-terminal

kinase. Acta Biochim Biophys Sin. 2012. 44:442—449.



Abstract

Introduction: Vitamin C is involved in various biological reactions in cells.
There are two types of vitamin C uptakes. Oxidized vitamin C is passively
uptaken by glucose transporter, while reduced vitamin C is actively uptaken
by sodium-dependent vitamin C transporter (SVCT). Vitamin C is also known
to be involved in immune response. However, the existence of SVCT and the
function of vitamin C are not well known in human T cells. Therefore, in this
study, we investigated the existence of SVCT and the effect vitamin C on
human T cells.

Methods: Human T cells isolated from peripheral blood were cultured and
naive or activated with PMA/ionomycin for 24, 48 hours. After then, RT-PCR,
western blot, immunofluorescence were performed for finding the existence
of SVCT. Vitamin C treated before or after activation in culture media for
investigating the effects of high concentration vitamin C on human T cell
proliferation, apoptosis, cytokine secretion and activation. Proliferation assay
was performed by using [®H]-thymidine uptake assay, apoptosis analysis was
performed by Annexin V and PI staining, IL-2 concentration in culture media
was measured by using ELISA, activation surface molecules were analyzed
by staining to CD69, CD25. And whether naive or activated within 2 hours
human T cells uptake high concentration vitamin C was measured by using
DNPH method. And ROS measured in human T cells by using DCFH-DA.
NF-kB activity was measured in nucleus. Western blot was performed for
measurement of p-c-Jun protein levels.

Results: High concentration vitamin C treatment before activation inhibited

human T cell proliferation and reduced apoptosis. However, the treatment at



24 hours after activation didn't any effects on human T cells proliferation,
apoptosis and IL-2 secretion. Activation surface molecules CD69, CD25 were
analyzed for finding whether high concentration vitamin C treatment before
activation inhibit human T cells activation or not, then CD25 expression was
reduced. Human T cells uptake high concentration vitamin C when activated
within 2 hours, not naive. High concentration vitamin C treatment decreased
ROS in human T cells, regardless of adding before or after activation. High
concentration vitamin C treatment before and after activation reduced NF-xB
transcription factor and didn't affect p-c-Jun which are important to T cell
activation.

Conclusions: Taken together, high concentration vitamin C treated before
activation decreased human T cell proliferation, survival, IL-2 production,
CD25 expression, but high concentration vitamin C added after activation did
not affect human T cell activation. Meanwhile, high concentration vitamin C
treatment both before and after activation reduced intracellular ROS. These
results may indicate that high concentration vitamin C interrupts T cell
activation by reducing intracellular ROS level which is important during early
activation stage. It might be possible that vitamin C regulates antigen-specific

immune response in vivo.

Keywords: Human T cell activation, vitamin C, antioxidant, reactive oxygen
species (ROS)
Student number: 2012-21762
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