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AE WA Xgg o WAl "9 Fok AN g 5 oy Wol
A W eHELS Iy AT Y T-AXE Wl HNESAHS

o
Ae BER WL o F W= s ¢ AR WA FY

=ole
Ho Qe gaAl Agd] F suE FH w2 FES v 9kt 9
Hol Qe Fx2A A E LA (Major Histocompatibility Complex, MHC)

MHCell 9J3] s 3te= HAetolt A AlE Fde| AAIE A2 e
Agd JeE T g=Z39 &S P43’ MHC w4+ @ —chain %
B 2—microglobulin chain®® FA %™, class 1 A} 293t FElo]=9]
Aere heavy chain® al, a2 =H|<le] & AAE Ag &3 FElo]l=
ofn] -4t side chain®] A& 2§ 93| o] Foxtt.” MHC Class I i&#ell
o8 AAEHE HMefo]=9] ol FE 8-10 aa 4olE, ol AT £9
F% Eo] HETH EHEA 7l g AdE7] wEely, FF vl 1)
Hepo] = ool 11-14709] ofvwAbs ¥shst= Felo|= AFA| 7}

of



Azre] MHC wigFdx 2 Este MHC sFoldg> 53] <1zt
Wy S ek (Human Leukocyte Antigen, HLA) 2t1 3}, o]+ o] %1%
AGe] AbEo] wWEoA AHFowE WALy wiEolth>'’  HLAZF
AABHE fErlE Al AE Es 2Ae|A 9] HLA ligandomel %
AR E Y, FododE= WA FE S (immunopeptidome) &2 E-THY o]
Al oo 2] M ¥ (self—cells) 9k Bl A7) A3 (non—self—
cells) & st B 2] FALAE AAskE HEAAAE
A ghAIZI ! HLA class o= 18,00071 o]/de] tigdfdz7k 1o,
Zh i i Ax o B ARRE A" st fEelE AlE

sdst dlolgt HLA Wy FdAkel e thE WAes WY

AA AA=D 5 r}t wakd] d9A FElo]l= Wl HLA walA Alo] 9

HEAEE ABsHe AL A A8 o Wl WS olsshs o

-

Fel
ke

HIZ Ao o3k o &2 Q14e AE "Wl Aoty AN+
oAy FFEolA @GN AT F e HHEE gudA FAHor)
TAACE, AE WE FY¥ W8 FAS Alxd Z2golFo] zhgo
o5 Hefol=z FalEtt. o] 9 AP (Transporter associated with
antigen processing, TAP) o]Fo|gAlel wAdE  REA] 23
A ¥ A (Endoplasmic reticulum, ER)Z 4t JElolt== A5 =
ER otvlx FEjtpAle] 9§ F7F AHgl $Fo MHC class Iof A@s o)
n/d<sst MHC class 1 A= AFHlE& @29l tapasin, Erpb7,
calreticulin(Crt) H&Ael ol&] <tgstect. ojdA Hefol= o]
29 ¥ mature MHC class 1 complex= ZA#|&

FEH CD8+ TAHE & RUEFgEtH(1d 1).7°



Peptide MHC class | pathway Peptide MHC class Il pathway
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7% 1. MHC Class I 2 11 39 AA A=[6].

\ _\\

TAP (Transporter associated with antigen processing),
Crt(Calreticulin), 82m(8 2—microglobulin), TCR(T—cell receptor),
li(Invariant chain), CLIP(Class II —associated invariant chain

peptide), MIIC (MHC class II compartment) S 2] =] 3+,



3
T4 5ol4d @Y (Tumor specific antigen, TSA) ZE& 4l
(neoantigen) ©]2tal b0, ol wAR W= u AdE whdof,
el wedoln} HERZ ulolgiolN FHid Qe TS #AH
g2 (Tumor—associated antigen, TAA)S ZoFA|Eo] 23] Az o=z

B E A gakd HAw, GAAE el E wald S gl

HLA fr3ztel= Ul 7HA 25 (Class L 11, 111, IV) ©] 9lem, o]59] o -
chain® @A 6ol x|ttt HbHe] B 2-microglobulin A=
A 15%el dsstH oty Ao AR AbES & 9 7)ol vE
gl golty, o] F, HLA 1 #FdA e+ dwtdg oz HLA-A, HLA-B,
HLA-C7} 7b¢ Wo] =xs8txv, =EA HLA-E, HLA-F, HLA-G
o529 wdo] FrtEW Fok W2 wdAA Y Fe WAdAN FTU

A 4 dehle, Ag4 wel e fuel gerh

ofN
o

o A=l QlojA AEsta b HIHe o 5ol o] HAjd
g9 AAl  Al¥E(Antigen—Presenting Cell, APC)Z A7} T AXE
Ab=ste] ke FdFSF HNEE SEA= It TAZ 7]
HAXE Al §F 5olA & T /PEEAre] Aol o8] A EE T
groluli= Zlo] dAQsith wEbd o Felo]=rh AlE el HLA
Aol Adstel AAE ThsAdel O w2A dFehr] e Fast
wEEo] olojHTh olHe| AAFTAE CFsr] fad EAEA Y

>
ofo
i
32
s
k=
e
e,
2=
Y
o
S

cDNA glolB el & AFgs Wy AFgdo
AAE AxFE MHC 22 2d3d 4 Feol=s g3 oA 4l

A% B3 2e ARSH Pyol ol AgHt e, ol
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A2 Aol wa, fetol= Ade & ks o] glom, ulid
HLA-ligand A2 9 AAE Alojst= HAAJ 2S 228 + glvh
w2k LC—MS/MS (Liquid Chromatography—Mass Spectrometry) “8+*
wAo] HLA AA HEfOl =2 S48ka7] e wol 2887 o

LC-MS/MS 142 Asiera Wy dizdoz Aol Wi, w%
Aejel]l BEFHe] A 4k T, Orbitrap § HAFRAVY A A
e AxvtEgdy dos B Ve AEE 8 AF A9, A=
Telle 9 Srvh A7 FEEHIAT ol Aol MS HoIHE
A Ads ek, v WY fAA4 dHoly AES Resh] g%

il
©
ol
&

AERust £77h dde Wk HLA AX Helols duEe A7)
g we AAGS A HGR eleld g ojds Few

HAZ} wel welglovh, AWEAIE B U A ArlS AL

ol

HLA Ao M2 EAS
o EME AT FXT

A< o [e) = A~ =
ol e8S AL A, FF

R

4 Lo

upehaA] o =Eol A WesEt x
Fojal, acid elution ¥ AAE Fl I FEol=E AFEAVIE
A8k 3 PEAK studio TR2I1HE o]&al FHelol=s =43 F,
NetMHCpan 4.1 |4l Efo] =9} HLA class [ Abole] A3AS H7H

o]F Aol #2 dolE F IED(Immune Epitope Database) A

=
4% Heol =& Agst vy x] #:MEpo]=E TAA (Tumor—associated



I. As 9 A3
1. AlZ3F 9 AX vj

AA Aol FWAAEQ] MDA-MB-2312 eFHGgae] A&
Ao ziE Aot B 324 A EZFQ Ramost L oistu g
st A usd d7AdzREH AUt MDA-MB-231 Al¥+&
10% FBS (Gibco, Cat. No. 12483020), 1% penicillin/streptomycin
(Gibco, Cat. No. 15070063), 1% Glutamax (Gibco, Cat. No. 35050—
061), 1% Pyruvate (Welgene, Cat. No. L.S013-01) 7} ¥3%% DMEM
(Welgene, Cat. No. LM001-01) ®jA| & A}&3Fe T225 flask (SPL,
Cat. No0.700225)°4 wjek3dd 11, Ramos A¥+= 10% FBS, 1%
Glutamax, 1% Pyruvate, 1% Anti—Anti (Gibco, Cat. No. 15240062)
7 2%¥ RPMI 1640 (Welgene, Cat. No. LM011-05) & At&-3}¢]
T75 flask (SPL, Cat. No. 70075) A wief3ek. 2k A2 5% CO,,
37° C2 A= AEMF7IAA mgFE A



2. HLA Class I &<l
(DAX 3]

MDA-MB-231 AX 3|4 Al DMEM ®jAE =RF wWolsql %
DPBS (Welgene, Cat. No. LB 001-02) 12 mLZ A&t} o]F 0.05%
Trypsin—EDTA (Gibco, Cat. No. 25300062) 6 mLE H7la&l AlE=
oWtk th& o2 18 mLe DMEM HiAE ¥& ¥ 50 mL conical
tubee] Xo} 125g% 5% F<¢F AEY o Ax A=RE Ags
SHe BT wolSolu DPBS 10 mL2 Aok Fgo uzl AF
GAE 2H WEIT. ASdS BE AAS §7 o A¥S 98 -80°

C AL Ws o B#AFTH Ramos A E 35 Al T75 o A= 2
L

Aok 7} AlEZel Mz A A, DPBS dE ® HMEXE F 10 pL
£ F 3 Trypan blue Stain 0.4% (Gibco, Cat. No. 15250061) 10 xL
2} 442 F, Countess cell counting chamber slide (Invitrogen, Cat.
No. C10283)°] 10 xLE Yo Cell countess (Invirtogen, SN.
2185A17061389) & cell countings & g}



(2) Alx &3

FAX YFae BaEoe d Alxze] &3Hs (8 mM CHAPS, 150
mM NaCl supplement with protease inhibitors, 50 mM Tris—HCI pH
8.0,) 3 mLE ¥aL, 4° ColA 3AIZE WAl A AEE &P ol F
13,000 rpmel A 523t Y8t Zhepeke B2 AAs AL, S
Ak Hal dHAs 2

%1

(3)BCA assay

MDA-MB-231 A% &3 § d2 F5dol SAsts dde] §&
2 ytorslr] $138] BCA assays gttt WA, BSA(Bovine serum
albumin, Sigma, A7030)E 0, 0.03125, 0.0625, 0.125, 0.25, 0.5, 1
mg/mL=Z 3435kl EEENE 1 CAEES F e ATAE
/4 =1/10=2 3Pk £=& 3 A EE 96 well platee] 72t 10
LA Y31 BCA assay reagent A:B=49:1% 3] A 3to] ZF welloll 200
plA €L 5 37 ColA 30F3F RESAIZITE o]lw] 96 well platew
TAdE A o T AHjelM RESAZTH. o
(Molecular Devices, SpectraMax Mb5)E A3 562 nmolA S3 %=

‘ o,

5 S48, Adgs sl 4 Ax vEE 543

i
uls}

_

% Microplate reader

40

(4) Bradford assay

Ramos AZ &3 § & AT dqe] EAstes dMAe =& dof

371 § & Bradford assayE . WA, BSAE 0.01, 0.025,
0.05, 0.1, 0.25, 0.5, 0.75, 1.0 mg/mL=% 3 A3ty TFE&NS s

- 8-



AE &S 1/22 A 3. o]F 96—well plateo] BSA ZF=& 9
W Alg 10 zLE Y1, Bradford assay reagentE 1:5% 3| A3l Z}+
welld 200 pLA Yo AF2oA <o 10w3F HESAI AT o] %

Microplate reader® shake ¢ %, 595 nmellA FF =5 54 ).
(4) Western blot

zb Ao A e] HLA class I @& ofF5 &Qlsl”] 93 western blot
S AN AE g8 F A2 cell lysate 6 ¢ g¥ 4x sample buffer
5 FAHste] SDS-PAGEE AA . old running gel¥} stacking
gel? AL A7 125%, 4.3%%tt. ©]% PVDF membrane® =
transfer@ oF. WA 25 100% methanolel 33t ©@7F 43 A7 H,
1X Transfer buffere] @3kth. T O E casette Y-S st, olu 4
Iodo] #H HAHAA Fu 7IEE AAS Fo. ol PowerPac
HC (Bio—rad, SN. 043BR67783) 2.2 110VelA 1AIZF 403F A7
% A#HY. Transfer7} #49 =& 5% skim milk® 4° CollA
overnight Al#A blocking g th. ©]% 1X TBSTZ 2% ra3] A3k,
5+, 103t shakerel A mHE 3} blocking & H4& MHJTH o5
2 HLA class T oig 12 A0 w6/32%5 1:20000. % 3|24 1]
oA 1AZE FF WS AR H, 1X TBSTRE 1heks] 29 AlZ 9 5
, 108, 15% AFRAHYG. 71 H 22 FA el Goat—anti—mouse
antibody with HRPE 1:20000°.2 24 % 7 oA 147 wFgA
Aok 22 FA7AA A v 1X TBSTE 1584 F 2¥ Al A3k,
ECL solution® A:B=1:1% & 2 mLE #Al&s] vto] Hel oA 1
E7F dEe A FH Y. BE Aol Eyd 92 ImageQuant 500 (Cytiva,

SN. 26610029)2 %3] @z 7HF onxE FAF

=]
RN



3. HLA class [ f|glo]&= &4

(1) HLA class I 99374

Protein A Sepharose fast flow (Cytiva, 17127902) 80 xL(XE+&= 40
#L)E 5 mL tubee]l ¥ %, 1X PBS pH 7.4 1 mLE A F it} o] F
3,500 rpme = 237 AdEYsA s e F, 13 ¢ a3
O 5o ® W6/32 &A1 mg(HE+ 500 pgol dldstes ¢S 2
4° ColA 3A17F E<F Bio RS—24, Mini rotator (Biosan, BS—010133—
AAG) o] WA AT HEgo] EFy 11X PBS 1 mLE Y1 tapping 3l

+ 5 4,000 rpmelA 33 ARGy ASHS AAJY. o] 74

& % 38 wRYch FA-ws BPA BA AL g3 F A
Zolo] AE §aEe Yol 47 ColA 1647 RSARAT(1H 2).

(2) HLA class I €&

A gl EolA Y3t HLA class IRHS A7) 98] vl=-&A g 4
¥l HLA class I &% 42 ARG A 1643 REgAZ Bl =-¢
A—HLA class I RFg=& A48 (4,000 rpm, 3%) A7 & 454
S MY FH, MS grade water 1 mLZ A&t} o] F FF NS A A
H, MS grade water 500 x£LE Yo ¢FelAl pipetting $& B = -84 -
M GdlE HFAE vlel MS grade water 500 gLz AHS
Costar spin—X column(Corning, PN. 8160)°] ¥ 3. 4,000 rpmo|A 3
T F ARy P o] FAHe T 53] WHESEY] column ofE Wk
AU a8 H71g. vpA o2 10% acetic acidE Ad W v =
o 7bAA 200 L Wol&E H, 4° ColA 10%3F WA -, 4,000

rpmo A 559t AR st Y8t HLA class [& Ao (1¥ 2).

-10 -



(3) HLA class I HEo]l= A A

kAl A2 HLA class Io] A3 HLA class I HEo] =5 7] 93l
AAE HAP}. HA, Sep—pak tcl8 cartridgeo] 100% MS grade
ACN (Thermo fisher, A995—1) 1 mLE 4Y©] activation A|AFHTF. o
S0 2 solution A(95% ms grade water+5% ms grade ACN+0.1%
FA) 1 mLE 9ol Equilibration AlA#om, o] #}4S& 3W NHE g}
o] Ui EEdA F2 Azl 800 pLO solution AE Yol & 4
o]F % cartridged]l EF =ZQT wAUYL &A4E d W ¢
cartridgeo] Z9 3% recycling siFT. A5 ZHo] E F A
solution AE 1 mL# ¥ 39H 243t Mz #4S AFC. vpx o
2 30% ACN, 656% ACNE 717} 150 pl® F 2" 2493t §&5&
AP, AL HLA class I FEOIEE JIFE5F7]15 AFEd buffers

AAG 5, B4 A7A -20° Cold RABT (LY 2).

11 -



. ‘HLA class I (with HLAp)

Add 1X PBS (pH7.4) :Other proteins

———=

H —)
D ".—_—-D
e s -~ e ~
Add W6/32 " ey i S ’ !
B . . 1 Purificati !
antlbody Add cell lysates ' Washing Acidelution . | v o * !f : —urification | N\, :
——- —- I 1
, @@ : N p :
\ 7 ! /
e - I -
Beads washing W6/32 antibody Beads—Ab—cell lassl
(Twice) —Beads complex lysate complex peptides

a8 2. AY9IZHE o] €3 HLA class I HElol= £

Protein A H]=¢f anti—HLA class I @A W6/325 4 ° CollA 3AIZF §E-gAA vH|=—3A] HIAE ATt
o)F AT g3lE A AL FHET 164175 4° ColH WSAA NE-FA-AL §HE BFAS Ak

10% Acetic acidZ elutiond|A HAE Lelet 7, C18 SPE ZH % HLA class [ fjEfo]=v 2ot

i

-12 -



(4) HLA class I $]g}o]E LC-MS/MS +4

U HGgE AAH 42 HLA Class I HEFOI=E Xevo G2—-XS Q-
TOF (Waters, SN. YFB1960K) %! QE Orbitrap (Thermoscientific)
Au)E ol g EAFT. WA, Q-TOF 7|7](F DE o]&3s 4 %
W o2 2ok ol%d Av 0.1% FA in Water, |54 BE 0.1%
FA in ACN(Acetonitrile) &2 AA3slo] 247 552 primes R 3},
Seal washt= 80% ACN, Needle washt 10% ACNOZ o143}
prime= 15%% 20 cycle, Needle washE 99%=2 X33}, o]=x
200 pg/ 1 L2 Leucine enkephalin (Waters, PN. 186007091—-1)< A
% 9 sonication & 33 purged t}. T3, Sodium lodidie (Alfa aesar,
PN. 04347)& AlZx Y sonication ¥ 33 purgedt}. Ao <FA
MS tune pageE AA3 F(E 2), A EZ2 leucine enkephalin
T3ty positive modeol A 556.2771 m/z¥ beamsS A} v
S % m/z 400—1800° siFst= W E Sodium lodide® calibration
Pk LC 9 MS t43rt 23 & oA Hds F3 € HLA class
[ FEfo]=5 ACQUITY UPLC Peptide BEH C18 Column, 300A, 1.7
g#m, 2.1 X 100 mm column(Waters, SN. 01403635115845) ¢ <
ok F"E B2 0.2 mL/min® 502 ol§4d A 97%, o154 B
3%°] FAJOoZ AlZE ACNO Hl&& 43%7HA =8 45 AAAH

(% 3). B4 o A7y 2-= 65° C, MZ &= 4° CE §A4HY

!

o] % AFFA7Id Q-TOFZ Fd3A w43 AAFT. MS 42
Data dependent acquistion(DDA) Walo =z AA 7 28 A2l 10712

m/z intensityol s1@stE= AW ms/msZ FA T olu] m/z range=

400—-2000, Collision energy+ ramping®. & AP} (% 5H).

-13 -



¥ 1.Q-TOF ¥A#A4] AR

73] Serial No.
TUV Detector L21TUV331A
Sample manager FTN_1 D21CHA435G
Binary Solvent Manager AZZ2B5P5256G
Xevo GE2-X5 Q-TOF YFB1960K

ACQUITY UPLC Peptide

BEH C18 Column, 01403635115845

300A,1.7 gm, 2.1%100 mm

¥ 2. Xevo G2—XS Q—TOF MS tune =4

Parameter
Capillary
Sampling cone
Source temperature
Desolvation temperature
Cone gas flow
Desolvation gas flow
Mass range

Acquistion mode

- 14 -

Condition
3.0 kV
30V
120°C
250 °C
0L/

600 L/h
400—2000 m/z
Fast DDA

A ZA
Waters
Waters
Waters

Waters

Waters



¥ 3. Q-TOF UPLC Gradient &4

Time (min) Flow (mL/min) % A %B Curve
Initial 0.2 97 3 Initial

2 0.2 97 3 6

40 0.2 57 43 6

42 0.2 20 80 6

45 0.2 20 80 6

46 0.2 97 3 6

60 0.2 97 3 6

& 4. Q—TOF UPLC condition

Parameter Condition
Column temperature 65 C
Sample temperature 4" C

Needle wash 80% ACN

Seal wash 10% ACN

Run time 60 min

- 15 -



¥ 5. Q—TOF MS method

Parameter

Acquistion

M/Z range
MS/MS Ions

Charge state

Collision Energy

- 16 -

Value
60min
400-2000
10
T1~+4

(LM) 69V
(HM) 65—835V



=90 %, Orbitrape AHEE 4 =dS £ 63 ZH. ol As
DW with 2% ACN and 0.1% FA°]il, °o]&5% BE 0.1% FA in ACN©o| %}
o 24 Al 0.3 pgL/ming F5O = o]lF 4 A 94%, B 6%% /o E
Azl ol BY x£4e 50%7HA 29X £4 3T GE 6). Full MSe]
21 ¢] Resolution< 70,000°]9, AGC+ 106, m/z ranger 300—20000°]
Atk DDA modeols TOP12¢] & F3t+= HFES ms/msZ 24331,
Resolution< 17,5000] g1t} &3k, AGCE 10°°] 2l t}. Ionization energy
= 2.0 kV o, capillary temperatures 275° CUTHE 7).

-17 -



¥ 6. Orbitrap UHPLC gradient &7

Time (min)
0

2
95
105
110
111
130

Flow

(2 L/min)

0.3
0.3
0.3
0.3
0.3
0.3
0.3

-18 -

%A

94
94

o

o

94
94



¥ 7. QE Orbitrap ¥4 %4

LC-M5MS Dienex Ultimate 3000 RELC + Q-Exactive Plus mazs spectrometer

Columns Paphap RALC 18 (2 um, 100 4, 75 pm = 50 cm) + Acclaim Dephap 100 colomn (75 um = 2 cm)
Buffer Loading A (DW witk 1% ACN and 0.1% FA) + Leading B (ACH with 0.1% FA)
Full M3

Fesolotion 70,000

AGC 1

Max IT 250ms

Fange 300- 2000 m'z

ddM3Yidd-3IM

Resolotion 17,500

AGC 10

Max IT 160 ms

Coumt Topll

Izolation 20miz

Min AGC 1

Exchuzion 1,788

Tomization

Valtage 200kV

Capillary T 275°C

S-lenz BF 400

-19 -



(5) £XE

AT EYOE L3 HLA class I HEo)lE 53

2% HLA Class I #lglo] =5 PEAKS studioE ©] &3] =

At olwl AFE-¥ databases Uniprot (https://www.uniprot.org/)
Eo|X Homo sapiens fasta 34 S t}2wo} A3ttt PEAKS &

d 3

28 Database search(DB search) ¥ de novo sequencings T+
o

W, 24 2142 % 8% #Zoh

¥ 8. PEAKS Studio Search parameter

Precursor mass 10.0 ppm
Fragment ion 0.02 Da
Enzvme Trypsin
Max Missed Cleavages 3
Database Homo sapiens

-20 -



(6) HLA HEo|E AT AT o=

Zt AlEA 4L HLA class 1 FEfo]=of tf3k MHC 2% X3 EE
=3l112 NetMHCpan 4.1 Z2I38& AFEFTE o] AT EY ol
AF AATE AHgE &l A9 MHC Ao digt fEpo] =9
Aetyg S o3, MDA-MB-231 A¥9 2% HLA-Ax%02:01,
02:17, HLA-B#40:02, 41:01, HLA—C*02:02, 17:01 ¢ HLA °}&%&
zZte= Zlow ddx 9o ® Ramos AES ¢ HLA—-A=x03:01,
HLA—-B%44:03, 51:01, HLA-C#16:01 9] o}&d& zt= oz 4
Ak wekd  ZF obge] weEl strong bind(SB)E e FE
degon, olw oy WM wkE A3 F PEAKS 2 4 Al 7%
F7F " HNE & 2 MAE 47 vudch E9, RE A9

g2 /]

Fetel = fasta YL 9mer & VISR AREFT. SB & Ze
FElol= = IEDB(The Immune Epitope Database)e] <&A38+=
Wetol = Aleta, A¥EEHA ge HAeol= T A9 10 7l
Hdats HAEtel =5 Asto] TAA R 53Tt

21 -



m. a3

1. 3 —HLA class I 3 (W6/32) &2

Abclon®l A F+ul gt mouse Hybridoma celllA &H] g W6/32 34|
o] DTT (Sigma, Cat. No. D9779, Dithiothreitol) 2% 4X sample buffer
(Bio—RAD, Cat. No. 1610747)& &% g% -, SDS-PAGE=
AA P, 1 A3, Heavy chain ¢F 50 kDa, Light chain< ¢F 25

kDal = WME7F HEHATH(1H 3).

Heavy chain

Light chain

3. W6/32 A9 SDS—-PAGE A#}. S.M & Size marker & 2]n]s}H,

A
%9 kDa otk Az @Al W= 379 AEsE s AR AVE
Hmate] ekt B0 AFMEA Wetd 4 gln.

-2 -



2. HLA class I 49 &9l

A AeA MELLS T A2 AE faE Y @A EAdS
3] Bradford assay W BCA assayE 333, HLA class [9] 5 &
gl3st7] $38l western blots F3 . WA, Bradford assays $] 3%t

BSA &899 5352 Z4e, 1825 19 ZI R¥Fo] 0.99
ojo® ZAFJAU(E 9, 18 4). o]F EUE A Al AE Fof
ek 1.0-2.2 mg/mL HYZ F57F FAI(E 10). °olg 1x1079
cell& BCA assayE Al on sr= 198 mg/mLE =4}t ot
0% MDA-MB-231 AX2 BCA assays $1% BSA ¥58% &
7T 4 2 ez E a3, RPEEe]l 0.99 ool HEE Fuh(E
11, ¥ 5). 1 A3 M=z Fe w2} 2.7-7.5 mg/mL HAZ F=7}
St TH(E 12). Ramos cell 1x10%9, MDA-MB—-231 cell 11077
9 5x10"7 cells® western blot2 3 3 t}.

O

As A3, Ramos celld F7F ¢F 1008 ESol% E73F3 western
blot A¥el = MEZF W RstAY ¥ ghAl #25a1, MDA-MB-231
AEZe A cell 77 ¥ AFollE Estal v @ HLA class I %
kol #AHUT E, AZEA W= ®5E o 40 kDaollA =¥ o

HLA Class [ AlX9 A5 st = AT (19 6).

=23 -



STD(OD)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0 »*

¥ 9. Bradford assay standard (STD)

STD (mg/mL) STD(OD)
0.010 0.0040
0.025 0.012
0.050 0.038
0.10 0.11
0.25 0.28
0.75 0.70

1.0 0.83

v = 0.8622x + 0.0126
BSA Standard R - 0.9905

0.2 0.4 0.6 0.8 1 1.2
STD(mg/mL)

1% 4. Bradford assay% BSA Standard curve

24 -



¥ 10. Ramos ¥ £3jE &5 =3

Cells Sample (0.D) S%ﬁ?n Dilution fold Ra&ngmio)n'
8.3xX107 cells 0.777 0.887 2 1.77
1.2%108 cells 0.823 1.06 2 2.11
4.1 %107 cells 0.475 0.536 2 1.07
8.0x107 cells 0.515 0.583 2 1.17

- 25 -



STD(OD)

0.6

0.5

0.4

0.3

0.2

X 11. BCA assay STD

STD (mg/mL) STD(OD)

0 0.081
0.031 0.082
0.063 0.097
0.13 0.13
0.25 0.20
0.50 0.32

1.0 054

BSA Standard ¥ = 0-4753x + 0.0738

R? = 0.9984

.

0.1 ‘..o"‘

0.2 0.4 0.6 0.8 1
STD (mg/mL)

1% 5. BCA assay® BSA Standard curve

-26 -
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% 12. MDA-MB-231 AX §3& T& 573
Cells Sample (0.D) S%{:ﬂi{;n. Dilution fold NDA_(ID:E/;]%I Con.
1.1X107 cells 0.395 0.676 4 2.70
2.8X107 cells 0.438 0.766 4 3.06
3.0X107 cells 0.412 0.712 4 2.85
5.0%107 cells 0.428 0.745 10 7.45

- 27 -



b
50
S T4

25

I% 6. Z+ A¥ ¥ western blot2 % HLA class I @& &<l

(1) Ramos 1.0 x 107 cells, (2) MDA-MB-231 1.0 x 10" ¢
(3) MDA-MB-231 5.0 x 10" cells® uYetdith 71¢ 9% 1y
Atol=utA S YEeRYHE, @9 & kDas  oH| sttt Ramos
MDA-MB-231 Al&efl H|a| °F 1008 o4 AE 71 ®or},

-

EossAL e e AEEd

- 28 -



3. HLA #Hglo]E9 LC-MS/MSE £33 53

(1) B4 vl &3 vl

Ramos A2 HLA class I fgfo]= F4 & $dl Q-TOF ¥ QE
Orbitrap FHlE &3l +4& AAsta, PEAKS studio £2ZE o2
e Hagd. o2 A%, Q-TOF #FHE #4% Ramos AXLE
PEAKS=Z &4 A] Database search® 3719 HElo]=7} AZEHA AL,
de novo®= 12719 Fetol=7F AEH A QE Orbitrap FH| 2 #-4] g
749 DB search® 15170, de novo® 379712 FElo] =7t HEH o] o]

T el &4 Bl HlwAlel= QE Orbitrap FH =R JF P (14 7,

e

13).

-29 -



(a)

(b)

RT: 0.00 - 130.01

NL
253€9
Tic MS
K02

9

8

g

g

£

2

g

H

<

w

H

s

G

['4

50.62 106.74 10891
6.49 8.8 10.80 2091 2792 3091 SL1S 6414 11487 12363
T ‘ ‘ ‘ |
0 10 20 30 40 50 60 70 80 % 100 110 120 130

Time (min)

a9 7. A2 & 71712 43 Ramos HLA ZlglolE I 2nfET1#H
(a)Q—TOF, Ramos 9.75x107 cells (b) Orbitrap, Ramos 9.75x 107

cells

-30 -



¥ 13. 8] ¥ PEAKS £4 ZA3

Q—TOF QE Orbitrap
DB Search 3 151
De novo 12 379

(2) AIX &0 & vw

Ramos ¥ MDA-MB-231 Ao W& QE #4435 PEAKSE
EA skl FgEolE T4 FE v Y. olw Ramos AlE 2] beads %
S 40 pL, FA %L 500 pgo® AT, MDA-MB-231 Al X9
beads %2 80 xL, &4 %2 1 mgo® AT}t Ramos AE F
4.0 x 107, 1.2 x 10°c% % 27}A %o MDA-MB-231 AX
+ 1.22 x 107, 5.0 x 10722 F 27kt 72 #2432 MS =
EZrtEIHL O9 8¢, PEAKS &4 A= X 14 Yot 4
A7, Ramos ¥ MDA-MB-231 Z7t A 7} 571845 PEAKS
DB % de novo %ol 7 om, HLA HEeto]=2 {33 8—12mer
Zdole] JEtol= & AAl FI7FPTE. LSk de novo Ao A AlEEnt
st Hetol=e] Ha ML HAGEE 9nste= ALC(Average Local
Confidence) 290% # 9A =7t 2 AlXx29 PEAKS DB search
of sidsls el =9 MS/MS dHeolE & 13 9o yoglow, mF
9merel 3 F3st= ARE eI

rlr

- 31 -



(a)

RT:0.00-13000
100
85

204E9
TC M5
KO8

o oo

Relative Abundancs

28.97 3399

11088
107.04 -

8437 9056 9319 gsap [ 10443

100.71

0 10 20 30 40 50 60 70 30 90 100 110 120 130
Time {min)

(b)

RT: 0.00-13000
65.15 NL:

1004 676E9
953 TIC WS
R_12_108

Relative Abundancs
i

3308 3390 4312 3 T T
59 o7gp 3128 $308 3880 L T4 5653 .o 7444 7517 7004 8765
7429688 1504 27RO A dl 0 0 ] 7 BT 760 L

" i ki e e MM e

0 10 20 30 40 50 80 70 80 90 100 110 120 130
Time imin}

975 10532 10882

I3 8. Orbitrap@ v 2 EA3% AESF H HLA FEolE 32vlETH

(a) Ramos 4.0x107 cells, (b) Ramos 1.2x10% cells. (a)— (c)= m/z
HoE 300-2000°2=, (Y At m/z B$9E 400-1800°0. = #4
At} x5S Retention time (min), y%-= relative abundance& YERW

.

-32 -



(c)

RT. 0.00-130.00
1005

Relative Abundance

(d)

RT:0.00-130.00
100

Relative Abundance

0 10 20 30 40

¥ 8. Continued

(c) MDA-MB-231 1.22

10893

Time (min)

81389

10489

68.31 69,58

100 10 120
Time (min)

X 10" (d) MDA—MB-231 5.0x 107.

- 33 -

NL:
203E9
TC NS
Ko4

130



(a)

w5 7L 4 e [V

(b)

1004 —t— ; *.f —1——a— P%mﬁf A—---eee IT------ lili[{aai
sof i3 V i
| b2 B i I
| 5..|.illl}%|.s?|1. }”‘ul Vﬁ | T -
100 200 Jaa 4D|:| 5|] gaa raa gaa q00
ensiy (9 L [1[ 2 |¥ |_L [e[s [w|r
- I
1004 R : h . 51—|—|;—|—L TR L L —r— Ib}I-Iaxa:-c
’ | e L
: AN : Lot -
IJ.I| IFII1 | ||\$I’|2 I:1| || . I | : | : VF :I : iz
200 400 500 800 1000

1Y 9.HLA class I HEglo]=9] M ES ¥ MS/MS o] g

Ramos (a)4.0x107, (b)1.2x10% bAL o]& &7t Melo] =9
N-TehZo] w23 9l ZZtol2e dslA MAste FHoln, 7t
2RY7](C=0) 8 ofv] 7] (NH)Atol o] slEfo] = Atolef Al AatH T, y
Ad o] Hstrt Hetol=e] CHHZo| HFEZa Qe ZZtol 2
sl sk FololH, bolz FdsA FtER Y] W ofu 7] A}

34 -



(c)

Intensity (% ’_J_D ’TI'SD I_J_Iu ’_K

ot !—I{ L—HA— e R p—— Ihlyiixax
- ﬂ-H:ﬁo : A
i AN
0] | -
|uU‘It|T||I |||||I||I‘H| | |)ﬂ ‘ 1 |
200 200 1000
(d)
Intensity (% QJ SJ_J_J_L |EE ’_E'R
10— ! R I E.f F———% ﬂ'.: T— - 50 yMax
: | b2 | | VB 7
50 : - |
Lt Lol s
d]_ ! I i.lllull ol |.>‘|‘}J..| |I' o |l sy : |
200 400 600 200 1000

I3 9. Continued. MDA-MB-231 (¢)1.22x107, (d)5.0x10".

-35-
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E 14, A F5 9 NX & ¥ PEAKS 84 A3

COER  (aaomo | PEAKSDB | LD pemwo | RIS
£0%107 04 7 515 37
amos 1.2%108 187 125 759 80
| 1.2X107 174 145 1342 41
WDATBTEL T o107 398 324 2722 159

(3) A ¢ H= o] WE HlL

Ramos % MDA-MB-231 A|3X¢] o3t &4 %W beads Y= &7t
o 249+ =2 " aFdh. Ramos AE 4.11x10"7 % MDA-MB-
231 AIZ 1.19x107% & 500 gg, beads 40 pL=E IPE IyFPO
™ Ramos A% 4.74x107 @ MDA-MB-231 A% 1.0x107& &4
1 mg, beads 80 pL=Z IPE At} 7} Ao wE MS AZvE]
B a3 109 Y&y, 1 A3, Ramos AXESY AS A 2
beads? &o] S71&e] we} PEAKS DB % de novo® &%= 7
DolA g, 18y, MDA-MB-231 Al¥2 A% &4 % beads? %o]
S7Fetel w2l de novo ©lolEIWE F7HElal, PEAKS DB HoJE & 4%
AP (% 15.). 74 Axe] #d MS/MS HolE = 19 119 g3l
om B5F 9merd AIE LEFATLH

7}

- 36 -



RT:0.00-13000
ML

827E9
TIC S
R_4.11_10
7

Relative Abundance
¢

6121 6397

130

Time (min}

(b)

RT: 0.00 - 130.00
80.46

NL:
100 7.44E9
9 TIC MS
Ramos_4.7
90 4,107

75 38.70

o @ o
a 3

28.77

IS

33.69

Relative Abundance
o

IS

2 2657

20
43.36 5308
15 26,40

10 2541 552 5595

249 4645 6372 7469 79890 8133 gy0
828 13311411 2360 i 12649

. 11164
100.52 10429 11475 119.04

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Time (min)

¥ 10. A 9 HE Fo IE AE H MS IEBvETEY

A 500 ug, beads 40 gL (a) Ramos 4.1 X107 cells, (¢) MDA—
MB=231 1.0x10" cells, A 1 mg, beads 80 #L (b) Ramos 4.74 X
107 cells, (d) MDA-MB—-231 1.19x10" cells.
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(c)

RT: 0.00-130.00
100
85

90

gs

80

75

2

Relative Abundance
Fa—

(d)

RT: 0.00-130.00
100
g5
30
85
80
75
70
85
80

50
4
40
35
30
2
20
15
10

Relative Abundanoe

0
1]

1% 10. Continued.

475

3437

39.93

34l 500 xg, beads 40
MB-231 1.0x 107 cells,
107 cells, (d) MDA—MB-231 1.19x 107 cells.

Time (min)

Time (min)

- 38 -

8175

HL
547E9
IC WS
MDAHNB-
231_1_107

85.44 91.02 g180

120.82
130

NL:
178E9
TIC WS
KO3

119.39

116.06
111,47 11587

10439

110.76

gess 9047 9316

LG S
110 120 130

¢ L (a) Ramos 4.1 X107 cells, (¢) MDA-
34 1 mg, beads 80 xL (b) Ramos 4.74 X



(a)

mensiyo 1[5 [ [ 6 [a[5 [T

' LL S e LR T YGASTR-------------=--------bl
ol ———t—f—a - a—— i1y
- a T G
s0d k2 iy bk |
E 1 ye-k20 '
L Y] ]], v3-NH3  y5-NH3 B-NH3 yF
L | R PR IR T P A 1 : o " L . : ——— miz
100 200 300 400 500 500 700 gon 900
Elrur%rll:ljlajllllI|IIII|I|I||IIII|I|II|IIII|II|I|II|I||I|I.llllI||II||III||I|I||IIII|IIII|IIII|IIII|IIII|I 0.0z
0.0 = heg e s : .
-0.02 0.0z
(b)
Intensity (%) AL [s [T [pv [v [E[K
' AL e | P e e i PVERE s ssseasaansnany bl
Jopg—— ¥t ——v— v T —s—t - yax
= | | s pre(2+] | LW
IR | |
: o ! | :
S0t 1B ; | !
' i it ! 5
| T i: T 5
Y i 2+ VF
I|..J|. ] 4 |U oL .|I%| |.I.y5.[ ||.]. | I || o | ; . .l Ll ; il
200 400 g00 go0
E.rur%r{ga;l PR N T T T T N T N T T T T I T T I T T M I M S S 0.0z
0.0 . ey i - )
-0.02 -0.02
a9 11. A 2 ¥E Fof & AXE E MS/MS dolE

A 500 ug, beads 40 gL (a) Ramos 4.1 X107 cells, (¢) MDA—
MB=231 1.0x10" cells, A 1 mg, beads 80 #L (b) Ramos 4.74 X
107 cells, (d) MDA-MB—-231 1.19x10" cells.
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(c)
Intensity (%) ENRLE [F [ [T [K

EIELP 4 E —5—4 TK hM
1 ggd—F—F—1—5— | I IbLPm:! ﬁyﬁxax
h y1-H20 i ' ' ¥
. , P ! § by |
¥ : : : : 5 : |
o S | S | 2 ;
N i ‘ J
T R 3?“ R it .|.| i Sl il Ml : | —
500 1000
Eerr l:da:] 1 1 1 1 I 1 1 1 1 I 1
0oz 5 0oz
0.0 L T e o
-0.02 -0.02
(d)
intensity (%) I [L [T [s [eQ¥[s [L
I IL i I5GITS i L &)
1oy L— 51 Y65 1 1—H :!—@,Inaxax
L oo
50} | i
L T i
I .IV.] nlrﬂ - |I W ] ‘y‘E-"ID? : Ll I : i i.l miz
200 400 600 200 1000
E i
D.rDr%r(‘ ﬁ)l P IR A B A B BT PR N S S O Y O M B | |.| PRI I T T N T T N AT A B O 0.0z
0.0 . - = . o
-0.02 -0.02

% 11. Continued.
A 500 pg, beads 40 pL (a) Ramos 4.1 X107 cells, (¢c) MDA-—

MB—231 1.0x10" cells, &4 1 mg, beads 80 #L (b) Ramos 4.74 X
107 cells, (d) MDA-MB—-231 1.19%x107 cells.
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® 15. €4 2 ¥= ¢ w2 AE ¥ PEAKS ¥4 A

.y PEAKS DB De novo
Cell 57 %4, beads | PEAKS DB B—19mer)  DeHOVO  \T(S00q
411107 500 mg, 40 «L 195 95 608 36
Ramos -
4.74%107  1mg, 80 L 200 134 1106 94
1.00%107 | 500 mg. 40 L 278 202 1120 32
MDA-MB-231
1.19%107 ' 1mg, 80 x«L 200 151 14381 43

(4) HLA Hleto]=9] Zojd 3
Ramos % MDA-MB-231 Ax 2}
Wepol =9 4 A3E HolHH=E Hlu
novo A¥}E wWE =EFoH, 7+ Mx H dE A¥ & PEAKS
studio & 7F¢ %S HAeol: 4 F& 7Hd 5 71 AlxZe] Ao
AMads A old ZF A= ¥ oo wt FHE MA@

HuE Agbste] 23AZ Y. 2 A3, MDA-MB-231 A3 % Ramos

—1?3

oﬂ}\i Nb’loi O%o] HLA
t}. olul, PEAKS DB ¥ de

3¢

T
e

Fel

o,

do

¥

RIS

M2 PEAKS DB ¢} de novo A3 F 9mer oA 71 &S SEto] =7}
F45%. MDA-MB-231 de novo A¥E ALsta 8mer 9}
10mer 9 #X+ Hl=sHAl Uetwe™, llmer £ 12mer & E+&
Ao A @A sHHAR(TH 12).
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(a) (b)

MDA-MB-231 PEAKS DB MDA-MB—231 De novo
100 4000
350 3500
30 3000
250 2500
200 2000
150 1500
100 1000
50 500
i N ; I
Bmer 9mer 10mer 11mer 12mer Imer 1 Umer 11mer 12mer
Bmer mer 10mer 11mer 12mer Smer Omer 10mer 11mer 12mer
Peptides 213 3h8 219 7 40 Peptides 2083 3004 858 245 122
(c) (d)
Ramos PEAKS DB Ramos De novo
180 1200
160 1000
140
120 800
100
0 600
60 400
40 I
200
20
0 . n
Smer 10mer 1lmer 12mer Bmer 10mer 11mer 1%mer
Smer Omer 10mer 11lmer 12mer Smer Omer 10mer 11mer 12mer
Peptides 127 157 114 78 64 Peplides 763 1078 738 192 136

a8 12. AE 8 HEgolt Zo) ¥, MDA-MB-231 (a) PEAKS DB,
(b) De novo, Ramos (¢c) PEAKS DB, (d) De novo. 7[ 2% 3 Elo]l =
Aqd dol, AE52 54 € Helolt &5 vy, F MxX BT
9mer ANA 7} B2 FEol= F7F % EQ =

- 42 -



(5) HLA class I jeto]E¢] MHC 2% AstE A=

Al 3 HLA 9 7} ofde] & Wody 9 AFHs=E glstal,
SB(Strong binder)? 7/H+E AY
A= HLA-A*03:01 oA o

i AskAl ddsta slslon,
U A ofgelM s e Ads Wol B

QA 02 Ramos © ®]d MDA-MB—-231 AlXoA 73t A
7H Aol 7 @ol FAHUT. o), EF 9mer o T
A39S veErWod, A9 10 7R siEst= SB score & 7HA
Aetol =2 #F x o] YEFWUTh Ramos AZ8 A9 A9 10 A9 oFF
B%¥ HLA—-A*03:01 o ail%3 1, MDA-MB—-231 Al¥9 Z$ HLA-
Ax02:01 oA 3 7], HLA-B%40:02 o4 5 7], HLA—A%02:17 °]A]
1 70, HLA-B#41:01 oA 1 /M2 AZFHJAH(E 17). G&tA oS
ZoF Ad FA(TAA) O R A=F
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(a)

(b)

E16. AIX 8 7 oY }E 2

Ramos
HILLA—-A=*03:01
HLA—-B*44:03
HLLA-B*51:01
HLA—C=16:01

MDA-MB—231
HLA—A=02:01
HLA—A=02:17
HLA—-B=*40:02
HLA—B*41:01
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MHC
HLA-A*03:01
HLA-A*03:01
HLA-A*03:01
HLA-A*03:01
HLA-A*03:01
HLA-A*03:01
HLA-A*03:01
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MHC
HLA—-A*02:01
HLA-A*02:01
HLA—-A*02:01
HLA-B#40:02
HLA-B#40:02
HLA—-A*02:17
HLA-B#40:02
HLA-B#*40:02
HLA-B#40:02
HLA-C#17-:01

¥ 17.SB A4 107] HEerol= AE 9 ASF

Peptide
KLLPSVVLK
RLNHYVLYK
KIFSGVFVK
RLAEYFPNK
ALSTPVVEK
KLYDIDVAK
RIFQKFLQR
RVFDVFIRR
TIAPALVSK
VIFTGGVGK

Peptide

LLQEKIQEL
YLASVAQEL
RLADALQEL
TEVVQKIEL
AEIQNKSLL
LLQEKIQEL
RENRLPFSI

AENDRILKV
SELFGPRTV
YSLPRTDEL

Score
0.98964
0.98945
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0.92449
0.91833

Score
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0.96327
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0.91202
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ABSTRACT

Development of Immunopeptidome Profiling
Using Mass Spectrometry

—Peptide analysis presented on cancer cells—

Hye Joo Jang

Department of Next Generation
Applied Science

Graduate School of

Sungshin University

Peptide—based cancer vaccines are galning attention as an
effective treatment method in tumor immunotherapy. This
immunotherapy relies on peptides presented on the Major
Histocompatibility Complex (MHC) class I, mediating cytotoxic CD8
T cell responses. In humans, the MHC is referred to as Human
Leukocyte Antigen (HLA). In T cell-based immunotherapy, it is
essential to identify antigens presented by individual cancer cells
for effective treatment. In this study, peptides presented by HLA

class I were characterized through the utilization of LC—MS/MS.

There were two types of cells used in the experiment; MDA—
MB-231 cells which originated from the metastatic human breast

cancer, and Ramos cells that is from a B lymphocyte cell line.
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Peptide identification during LC—MS/MS data processing was
conducted using PEAKS studio software. The analysis involved
both Database search (DB search) with the database set to Homo
sapiens and de novo analysis without a database. Firstly, we
compared the number of identified peptides based on the analysis
equipment. The results showed that more peptides were identified
using the Orbitrap instrument compared to Q—TOF. Consequently,
all subsequent experiments were conducted using the Orbitrap.
Secondly, we compared the number of identifications based on cell
quantity. In both cell types, as the cell quantity increased, the
number of peptides identified through both DB search and de novo
analysis also increased. Thirdly, we explored the impact of altering
the amount of beads and antibodies to examine how these
alterations influenced the results. In the case of Ramos cells, when
elevating the quantity of beads and antibodies, the amount of
identified peptides increased also. In contrast, when experimenting
with the MDA—-MB—-231 cells, the surge in the amount of beads and
antibodies resulted only in the increase of de novo searched
peptides. Looking at the distribution of identified peptides based on
their length in each cell, the majority of peptides were identified as
9—mers, followed by 8—mers or 10—mers. Peptides of lengths 11
and 12 demonstrated relatively fewer detections in the
identification process. Lastly, the binding affinity between the
identified peptides and HLA class I was measured for both cell
types. Through this analysis, peptides identified from the Immune
Epitope Database (IEDB) were excluded. The results indicated that,
compared to Ramos cells, MDA—MB—-231 cells exhibited a higher
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abundance of peptides with strong binding affinity. In Ramos cells,
peptides with strong binding affinity to HLA—A#*03:01 were the
most prevalent. Conversely, in MDA—MB—231 cells, peptides were
relatively evenly distributed among different HLA alleles. These
peptides with strong binding affinity were selected as Tumor—

associated Antigen(TAA), associated with the tumor.
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