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Key words : Ml ¥ 7 F VARE,
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BYWRE, DA, HORERES, A B LR
PERD & BIA SR BERICH Y, HRELZHHT S E
T, HLVIFHERELZHEL TV LT, EE
RPTIEDTERVEMTH L. AEICBVTR
gEEay - L5 01%, FICTHINE, B,
BRI, <27 w77 —V%oREyiiiRcd 5
B, MERER DR 72 FARE D S I WL R
BT, ML O - HWE{LDs,
W BAANZ AL LoTary bu—ra3hTn
LTV TIE, RERHOBEEIZ W,

MO BOE - BjRE%E —RIITHET 2 D DI, M
WHND Y 7FNVTHDB. HEoT, HMIBHN, FFITHRE
HAUHBLN D > 7 F v DEAL % R Z2 [ T 5 %
L, HEORBEZIMELTHET L7202, H
ZVENA F2 ==L LTHWA 72012, EFIC
HETHDHEEZEH. AWTIX, MNT 7V
TERT B L TR LW TH 0, S5RISH#H
BHOIEAYY) 3 X b “Phosphoflowi:” DfFa
ERIBIZO WS L7228, Jiikan, EERoIHE
WZOWTRAT 5.

Phosphoflowk & [
PhosphoflowiE D45

PUER A b H A4 VEoRIEE R E 5 AN
DY TFNIEZ, T T FIVRESTOHER )

FHMEAS T THL -1 (T755-8505)

) UE L, 7a—%A P A MY —

VBB IR Y YBILC Lo TIRESI NS
(signaling cascade EFEEN3). HERDOMBBN > &7
FIVONTEE LTIX, Y7 FMeESTOY ¥
AL 2 ¥ T+ — 7 & § B Pk % v 7z Western
blotting#E A% { v b N T & 72, B, Zokik
EHOWIMECLY, ShFETEL DY 7 VRE
RO SN, R, AaFEoRBICRELH
BkLC&72. L2 L, Western blotting#k2i&, Al
N > 7V % RT3 2 WF 988 OB % 1% £ & 5 [
PO FHEEL T (1), dIEFEOM
fooMBHN Y 7 F V&2 T %8, Western
blotting#k 2172 9 DICK B L EAR2 G 572012
X, KEOMILZ MM 2 LEXHY, D, €O

F£1 RN Y 7 F VRN BT 5 Western blotting#: &
Phosphoflowi% o Lk

FH264F 4 118 H = B

Western blottingi%

Phosphoflow;%
(ZE—YA LA L))

—EOFH T— 205 FE1FHM
I )

homogeneous#i# > LT heterogeneous Ml E <
HDENDE RS RE
HEHEMER. L <SR LE BHOMBEHAZEL TS517
RIZB5Hh 3 =42 T LI BERATEE
KEOHMasnBHE SR OB TRITATRE
£ DJBAE. invitroTDEEH FOLGHERERICH L THEE
WELEED FRHTHVETRE
185 A —5 —f@# TILFIRT A —5 — i

AR E H & UHRE N OB
NI —h—%REFIZEATEE

#RakE & LT OB ST LI LR LOEK
F—Aa&, EROMEOTFEYE BrzoEROT—420BF50h5
LLTHLBND

HE & FME2ET SRR BETHELTRRR
S—=URT—ILDRY ) == Z2LOY LTI ERBIZNET
JIZ Il A A E # % EMETRE
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¥ 7 IVIEHE—OMBER (homogeneous) T
Xz 5w, F72, Western blottingi:1%, 2%
ABNZE— OB T—2D N F2EHETHHD
ThY, 1135 2A—F—OiETh-72 (-
LI-CORt:®Odyssey ¥V — X <(http : //www.licor.
com/bio/products/imaging_systems/odyssey_fam
ilyhtml) (2fRESIN D L 912, I DOHAMEH T
£oT2/185 A% =Dl LOMHT bW HEICR > T
%), BRIZXY, YU ZNVENLRVTOMIIZ
Western blotting: TIIAWRETH S (F1, K1).
R X 9 % Western blottingi%: o [ 5 % ik
TH720, YV TNV LNVOITIC RS L,
ZhE TRICHIERE < — A — DN I E T
X7z, 70—%4 P A=F—ZHVIHMBANY 7S
N OFFNTTTED, 194EEHP LMESND X H 1Tk
500, 2I1ERICAY, 7H—Hf P X =5 DR
3 72 F8 7% & 4L 12 Phosphoflow i ASE A 1 12 HfE 7. &
I, Stanford K&~ ®Garry P. Nolan b ® 7 )V — 72
FoTRELEBRELZEBETLHIEE o723 Y,
Phosphoflowi: D FEARY 22 5, BN E %55 T
ZHOBPUACTEGR T 2 & w9 HIZB W T, Milludkm
X—=h—=FEH 7 =% b A MY —LFAKTH

*}‘/7}1«

SFsJﬂ: 1 =5

Western
blotting | )

L

1 10 100 1 10 100 1 10 100

X1 Phosphoflowi:IZHAT DY ¥ 7V &V LRV TOiE
B (BE=E)
HHEBRIZBVT, MlRNOY VB XUH
D1DbOFIMEEThES > T,
Q50010 EENL YT,
@1DHOXNR5ME, 100BHONRMEThLH TN,
@D1ObOHRIME, 00BN 1 HETNLY T,
BHhotzbd 5.
Western blotting#ETld, VY YBALLXVIZH ¥ I VHD
YL LTRENDL D, OUMNOQ, B, @IFIFiT
FREORS DN FERY, KT 5Z EIZHERICH
#CdH 5. —JFPhosphoflowiETix, ¥ ¥ 7L X)L
TOMBDBWNETH B0, L xOMBLD) Y EE{LL X
NVEBBT LI EDPWET, @, @, @FRiEos721) v
BALIREIZH B > IV THDHI L 2N TE S, (i
7 IS 2 E L, WE LT

5. 72721, Phosphoflowi: T, BER & 55T
EHENICHFE L TW AT TR L, ) Y EBLH
WZRRIRCRBES L7201, LELE&EA%
BRI TEDOVHAMEZELSELLENH L L
VW) T, MR~ — A =T A7 u—H%4
A MY —ZE B CRBEALEELE 7 D (k). F72,

PhosphoflowiE Tlx, ¥ 7 FVRES TV VL
Lz ¥ =7 &35k E V5 RIZonTid
Western blottingi%: & Mk TH 545, 7a—H%A1 b
A MY —DFEE LT [ EOMNET b T A5 7k
THb] HA, Western blottingi L 1Z Kk & { Bz
S>TW5hb. Ly ZFDH 7 IVidhomogeneousZs
bDOTHLHLEIZML, [heterogeneousz Ml g 4
Mcoiibiwv]. $€- 7T, Western blotting: ®
BHAWEEZ, HHOMBEIPE LI EEFh TR
WA —DF YTV L TH,
Phosphoflowit iZ#HWHETH 5. 7=, MHKM
X = — DN LRI, [RVFRNT A= —D
M) A3 [ v 7 VeV LRV CERTRE] T, 2
TiZ Western blotting#: & ik L CHORKDOF) H D
—OTH5> (F1, K1).

#i%5% (methodology)

PhosphoflowiZ D JEARN it & LTl

1) %> 7ol

2) V) VBALSEESHOY TV OREE

3) Mo EBLIE X O EA O

4) MRRER~—h—B XY 7 FIVEDTO
Yetty

%5, DTS, HAT v T2 T#i & %),
1) 27T ILDORIE

— T, ¥ T FMRES IR EE ) VR
SNTVELIFTIERL, HEzMb->THHTY
VEBALAGEE I NS, Lad, TOY YBLDRER
BIFbe S 5 7 — 234w, Wb - 728, —
WYY 7P VARES I3 YIRS, (R
D TR oG TFEREE L2, B YBLSh
TEFIRBIIR S, 72, RIEBOMHIL, ¥4 b
AA VEOMEAZFHELE L, autocrine  paracrinell
X5 TR BRI Y I Vb o> TLE ) Wk
P 2 LZ2RBUHITENWTEIRNETHL. €D
72, Western blottingik TOH > 7 V¥ TH[H
MOWEPUETH LD, BNELRD Y 7T V5E
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ST YBALEFET BB, Rl RS
FKOWETHIED, TORAFY TS TROEEL L
5. WMEMHZRETHERERL LTI

L. FIE

I, O SBce e & RN ]

M. (in vitroCHIEZITHRILHR) BT Vvo

K5t

ENRBTFons. I, IPEETHLDIIHDTH
CLEDRVTHH D, MIOVTHHEET S
LD 5L, WEEBEPTY VIV EREL R,
37C OWMPBELM T CHB oMM Z 5 2 554, B
ZIE, Mgz ImiEE L TG E, 5011
B L COAEATIE, 37TCISET % T TORMIZ
El R s, 7, S (B CO2f Y Fanx—%
=) ZHVLLE LM Bl T+ —F—1nR) %
M BETH, ZREKDBIZERDENIL >
T, FBWRED EAREIRE R E-TL 3.
D FREEISETEENIZE, Mk -T
APVARELRDIMEICHRBZESN TR R %
D, ZOZ LKA R0 ET &R L
TLEIWHENESED A EICHEELATER S
W,

2) UYBLEBROY CTIVOEE

1) THab7z2%, U ryBbsh70T1d, Bk
Mo BIZHY) YBILShTLEIHEAPZ . &
D7=®, RPHEHIZREEI (fixation) ZAT74RW,
Rl LB v BIEEEROSZ 1L T, ) VLS
NeY T FNGT OB Y BILER CLEND L.
—RIZZDAT v TTRINFHFIVAT VFNAL BiE
WEHCDLEDPEL L, EHE2%DHDEHWT
W5,

3) HREOCEBAES LUCEADEM

MR PNCAEAE S B ¥ 7 F VBES T & SO T
kT A 7-0TiE, MR R 2T, duk
VA BB TEXL L)L ARTNER SRV (Bl
MLEL, permeabilization). [ U < HILHN D% T
(4 bA AL V) Z2ROTIZEMNTDH S
Intracellular cytokine stainingi: Clx, Z OULPLIZ
YR VPHLNEZEDRZ W, LHL
Phosphoflowi: Tix, v R=r2SHwWH L Z LT
kv, ZORMIIERD 225, ETHRRAELD
2, T YA 2 R R PR ICRE S 572018,
LIFLIZEAZENR S TZovARHEE2ZL s

LHUVENRHL] TLIFICEHEETHS (K2). §
7% B Phosphoflow: T, MINLIK D &MY % 5o
50 LRI, EADO VARG ZZLE Tl EL
BIRT L LPHEETH L. REWN LD DL LTI,
FIREDH A Y ) =V EILICL-REIMEH E b
DL L, FEHITI0%D L IF100%DH X 5 )
—VEHEHLTWS

4) HRFXEY—H—BLVOY TFHIUREFFOFE

&

Bi1E, PhosphoflowiE 2 WREZR, ¥ 7 FVix
EHTOY vk E LY P =T LT hHikIE, Cell
Signaling Technologytt (http : //www.cellsignal.
com/) % BD Biosciencestl (http : //www.
bdbiosciences.com/home.jsp, BD Biosciencestl T
X, “Phosflow” E&IFFRINTW3) 5, Eilbox
—A—DOAFIETHL. ThEHOHMKRIE, 2%
= VECEZENRKOEAZIE P—TE LTV
25DTHB70, A¥ ) —NVIHBOY T VI
EHWRETH 5.

L, 2% /=i, MNO Y7 F Az

ENTORANEAT 2D TR AR, Bk, ek
== 220 FICHEEFFEEN, LD

ié/—»Lxé
B &&mg

K2 *%7—NIZEBYTFVEEGTTDOEE (B
1)

VT FIMEEGT O VLI, TS THNTLIE

LIZZFDFFCRIASET 7 ATELRWE D BIEIC

LTS, Bz,

AR E R B0 D V) IBALERALASBIHE 7 AR O
PIZEThTWBEA

B: B E R DTV EREZRKL, To%EMm, B
BB Y BALERAL AAEAE T B

BB, %@;o&%Af% Ay ) — NIk BEN

MPLEAT R 2 & TG T OB EIEILL, dik

23 VIBALERAS T 2B A TE DL XD D,
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Wity FRIEDPHETELRS RoTLE). &9
ETRA L ) — VLB RN 20~ — 7 — % HOEHL
RCEERL, ZORICRA Y ) — VB E i Ro7 L
LTdH, SEANRRA Y ) — I VILEIZ X o TENL
TLEW, 20802 K ->TLEH. FITCO LS
/NE& %45 (fluorescein isothiocyanate, 47T
i #389Da) THhNIEL AUk S %%, PE
(phycoerythrin, %71 & : #240kDa) % APC
(allophycocyanin, ¥ & : #/105KDa) ® X 9 %
ERGFOYG, ZOHGIXIZITEEICKDPRTL
9. #-oT, PRERSLMOMIEE & DN
#4195 2k, »5H\wiE, BD Biosciencesthd
WITBUTD7 7 A VZSEICTHIE (EF -
7272, 77 A NMICRBEN TV EREBHAIC
®9, EBRICPMEREZIT) L2l lEnd) I
Xy, X5 = VRGO L — 7 % 3R
THHERERIRT 281, SVF NG RA—F—D
Phosphoflowi: 2477 9 LTk b HEEIHEH T X
EEMED—DTH%.

http : //www.bdbiosciences.com/documents/
antibodies_human_cellsurface_marker.pdf

Phosphoflow;&DEED it A i

LUFIZ, SEFRNFERIZAT % - 72Phosphoflow: @
— P& fHHT 5.

—HINS, —EHEICEIE S N THIE (&/ET
WM, experienced T cell) &, RIEAEDTHINE
(REMETHINE, naive T cell) IZHRTHHEA DM
NHEPFEFISEZRT I ERNMONT VDD, F0D
MR X = A LBEAYTH o7, T THEE
Sl MR A T, EAETHIN & R EETHI
fadTCR (THIMLL 7% —, T cell receptor) ¥
T F OV % G IRAT L7, EBRICH LT e ra
—VOF v — FREREREZM3ITRL TS, &
HL7ZFELTid, £ < ofilaficiitiibs o
WHICEb B Z MBS, “MAP kinase
(mitogen-activated protein kinase) &~ /3 5
¥, TERK (extracellular signal regulated
kinase) ] & [p38] TH» 5.

Ficoll-Paque PLUS% I\ 7= b 5.0 3 TPBMCs
CRM A% ER, peripheral blood mononuclear
cells) #7708 L 7=2%, FACS (fluorescence-

1) Thaw a frozen stock of human PBMCs on 37°C water bath A
2) Suspend the cells at 5 x 10° cells/ml with culture media
and incubate the cells in a vertically standing 25 cm? (or 12.5 cm?) culture flask at 37°C
2~ 4 hours (no longer than 6 hours)
3) Wash the cells once with culture media and count the cells again

1500 rpm, 5 min, 4 °C

4) Take 108 cells and put them 5 ml polystyrene round-bottom tubes (FACS tubes)
and wash the cells once

1500 rpm, 5 min, 4 °C

<

Discard the supernatant and re-suspend the cells in 50 pl ice-cold culture media
containing 10 ug/ml mouse anti-CD3e (S4.1, invitrogen), or mouse anti-CD3y (UCHT1, BioLegend)
and 5 pg/ml mouse anti-CD28 (CD8.2, BioLegend)

15 min, on ice

K]

Add goat anti-mouse IgG (polyclonal, BioLegend, final 10 ug/ml) for the induction of crosslinking
15 min, on ice
Transfer the tubes to 37°C water bath and start the stimulation

Stop the stimulation and fix the cells by adding 2 ml/tube 2 % (in PBS) paraformaldehyde
(Electron Microscopy Sciences, original stock: 16%)

l' 20 min, RT

10 min, on ice

o

L

Add 3 mli/tube ice-cold PBS
1500 rpm, 5 min, 4 °C

10) Re-suspend the cells in 3~4 ml/tube 90% (in PBS) ice-cold methanol
and keep at -20°C to induce permeabilization and denature of a target protein

a few hours ~ overnight

11) Wash the cells with PBS twice or three times
(aspirate the sup pletely to remove

1500 rpm, 5 min, 4 °C

12) Stain the cells fluorescence-conjugated Abs diluted with FACS buffer
(first, surface markers, and then, signaling molecules)

Preparation of reagents B
* PBS

* Culture medium: RPMI supplemented with 10% FCS, 2% human serum, 100 U/ml penicillin, 100 ug/ml streptomycin,
50 uM of 2-ME, and 2 mM L-glutamine

« FACS buffer: 2.5% FCS (or NBCS)- and 0.05% NaN,-containing PBS

* Abs for surface markers:
anti-CD3-PE/Cy7 (UCHT1, BioLegend)
anti-CD4-PE/Cy5 (RPA-T4, BioLegend)
anti-CD45RA-Pacific Blue (HI100, BioLegend)
anti-CD45RO-PE (UCHL1, BioLegend)
anti-CD8-FITC (G42-8, BD Biosciences)

« Abs for phospho-signaling molecule (primary Abs)
rabbit anti-phoshorylated ERK (Thr202/Tyr204, 197G2, Cell Signaling Technology),
rabbit anti-phoshorylated p38 (Thr180/Tyr182, 3D7, Cell Signaling Technology),

* Secondary Ab
Alexa Fluor® 647-conjugated donkey anti-rabbit IgG (polyclonal, invitrogen)

K3 oot bAMIM TN D TCRY &7 F VIRHT
JHn7=78a b a— v & REH
AHIREZF 2 —THTILKADROGREERBITIEE L
K L THICD3bufk & HLCD28bifhZ Mz TP 7 u
AN v 723 TEL. 3ITCHOT +—F—NRIZF 2
— T xR L CTHHM L S OFEEE X5 7.
B X O L7238
2-ME : 2-mercaptoethanol, Ab : antibody, ERK:
extracellular signal regulated kinase, FACS:
fluorescence-activated cell sorter, FCS : fetal calf
serum, min. : minutes, FITC : fluorescein isothiocyanate,
NaN3 : sodium azide, NBCS : newborn calf serum,
PBMCs : peripheral blood mononuclear cells, PBS:
phosphate-buffered saline, PE : phycoerythrin, RT :
room temperature
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activated cell sorter) a2 —7HNTIZ L A& (50
ul) OEREFEPITEE L, K ETHCD3DIA L b
CD28hutk 2 M A T, FBMBIEAFHAET D% &
DOFURY) Y7 TFOFELTEL. 37COT +
— Y —=NZAWZF 2 =T ERT L TREEROMEIL
=% AL, TCREUMATHRRIZHEESNEZ L
%% (POHOZUR) vy EFELTEE, HiER
M2 B LR SE 5 28X, 7T ViERE
DY) v EbkineticsZ f#NT 3% 9 2 THETH 5).
25 ORI, 2% 8T KVAT VFNA R
WCHELZ TR o728, A ¥ 7 — VU2 LT,
HOotiARcMREi~— A —, V) Y BILERK
(ppERK), V) ¥ #&1kp38 (ppp38) ZHeta L7z Ml
flaFimi~—A—%& L Tix, CD3, CD4, CDS,
CD45RA, CD45RO% w7z (M 3B). 7u—%
A MA=F—=TTF—r&ffitra > ¥a—¥—ET
CDAkEYETHINE, CD8KmtkTHINZ ¥ —F7 1 ¥ 7L,

@ aCD3 + aCD28 Crosslink
2 min. Stimulation

CD4* CcDg* Stimu.

No Stimu. »—L L )
Unfract. ——-k /f\L (+)
e |/~ LN

(CD45RA* RO")
Experienced /L (+)
(CD45RA°RO") "9 102 103 10¢ 105 0102 10° 104 108
ERK-AIl Fluor® 647
@ PP st Stimu.

_JL (+)
VA
A (+)

0102 105 104 105

No Stimu.

Unfract.

Naive

>>>%

Experienced
0102 103 10¢ 10°

ppp38-Alexa Fluor® 647

4 %3 5 %Phosphoflowik 2 W CTii ko 72 b KR
MTHIDTCR Y 7 F IVIENT O —4l

(A, B) I3 THRLETE ba—NIZHto T 24
L7 («CD3 + aCD28 Crosslink) ¥ FPBMCsiZDW T,
#THINL W OERK (A) &p38 (B) ©V ¥ L% Kat
L7z. CD4REMETHINE (CD4+ CD3+), CD8F&ETHINL
(CD8* CD3*) ®9 %, ENEFNCD4RARME, CD45RO
Fa:4E I % Naive, CD45RAKEYE, CD45ROFGME4EM %
Experienced& L7z, 7u—%4 F X2 MY —IEBD
Biosciencestt ®LSRIIZ JH W TAT 4w, BohizF—%
& Tree Start:®Flow]JoY 7 b7 = 7 T L 7-.

ppERK : phosphorylated ERK, ppp38 : phosphorylated
p38, Stimu. : stimulation, Unfract. : unfractionated

ZThTh oMl H o TCD45RA CD45R0- D
b O ZnaiveZ A4, CD45RA- CD45RO* D %
® % experienced ML & L 7-.

41" T X 91, CDARMETHINE, CD8FET
Mg & B2, naiveZr Ml fg 45 M T 12 ERK2Y,
experienced 72 fil i 4 [ T3 p38A, TN FNENM
WY VBIEENTWwWALE I Eahot. Thbb,
naive 2 MNEE M & experienced 2 RMIIBERI TIZ, W
C &) ICTCREIMZ =TTy, oMM Tift
LIND T 7 FIVRERIRE, 2 RED L0
Lt ieo7zo,

L it D EER % Western blottingi%: T2 9 &
FiUE, & bOEKMIMA S, Fo % PDnaive CD4
B THIKL (CD45RA* CD45RO- CD4* CD3),
naive CD8F1ETHINE (CD45RA* CD45RO- CD8*
CD3*), experienced CD4BstETHINE (CD45RA-
CD45R0O* CD4* CD3*), experienced CD8FET
MM (CD45RA- CD45RO* CD8* CD3*), @ 4 ff
oSy IhiEN Yy —%—2MACS (BR&UHN
SHERETE) HFTHMEL, RELZTNELR DL RV,
ZO70IE, HYMREROMEE FH, RKE, <512
GHEDODRIE (LZDIAN) BPRLETHS.
L %> L Phosphoflowi®: TXFai DY ¥ 7 Vi A
WTHY, PROEMMZHEHT 57200 CLido &
) BRIFNT A HETD B

BbH I

FAED T O —H A b A—F —OHMEFIHET L
V. #] 2 1¥BD Biosciencest: ®BD LSRFortessaT
X, K184 7 —DFIHFEN AW HEETH L. TDX
IR TU—HA M A—F—ZHLHI LT, KA
HOMEY > TNV THIEIIL L DFERIELND
I HB I ENRHIHESNS. MlLNT 7F
VEHIDO X 912, ThFETREDOY VTV EREL,
FH EREMZ 2T 2T IIT R 2 e h o 72T d,
D70 —H% 4 b X — % — ¥ Phosphoflowik &
AEDEDLI LT, SHRIIAEHIC, AHIITRZS
XX HDBTHA)H. TOX)H)RM G, BWE
BRD X 5%, BICRYOBHZH 2 7 IVOMHICDH
BWLTWAHEEZA. SIZPhosphoflowik s, 3£
R TORMBIZEIZ T TR, BIROBY T
LTWwaHEBEZFZICLMECDIH S, i
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