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Screening and predication on tumor neoantigen for primary plasma cell leukemia

CHEN Biqing’, KONG Xiangtu®, XU Zugiong®, DAI Xingbin®, YU Juhua’, ZHU Xuejun*® (a. Central Laboratory; b. Department of He-
matology, Jiangsu Provincial Hospital of Chinese Medicine & Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing
210029, Jiangsu, China)

[Abstract] Objective: To investigate the tumor-specific neoantigen for primary plasma cell leukemia (PCL) using gene sequencing
technology combined with bioinformatic analysis. Methods: Peripheral blood samples of one patient with primary PCL during relapse
and remission periods were collected. HLA molecular typing was performed using polymerase chain reaction with sequencing-based
typing; whole-exome and transcriptome were sequenced by next-generation sequencing method; and bioinformatics software NetMHC-
pan was used to predict neoantigens. Results: Six tumor-specific missense mutations were found in the patient's peripheral blood during
relapse period, located in genes FRG1, MLL3, SVIL, MYOM1, ZDHHC11 and RFPL4A.Considering patient's HLA sub-types, 43 neo-
antigens were predicted via bioinformatics. Considering that FRG1 and MLL3 had relatively high gene expression levels, 20 neoanti-
gens derived from mutations of the two genes were preferentially selected, among which four neoantigens had high affinity with the pa-
tient's HLA molecules and thus had potential clinical application value. Conclusion: The study has completed a tumor neoantigen
screen and prediction for primary PCL. This practice demonstrates that predicting neoantigen based on tumor-specific somatic mutation
is feasible for primary PCL.
[Key words] primary plasma cell leukemia; neoantigen; relapsed and refractory; next generation sequencing; somatic mutation; immu-
notherapy
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S PEBE K AEAE 2 R B BRI AR, 8 T4k k1
PCL, R N/ MR A SR EEN K
P PCL. J5 & PCL H |if 1M oA 26 97 J72, %t
BT AT S5 R 9T RN AR, 25 T PR 25, K
ZHEA R, PAL AL IAA R 1Y, SR EAA R
J7 5% B AR PR AR X 2 A e, dn SR AR AR 2
JR A PCLRRA BB A B, % 9 PCLIR YT 1Y
W A AL 1 R o VT 25 48 BB 2010 AR IR IR _E
Wia 1 1R & M PCL i, REE 1% 83 Bk WA
LRI A0 A R A, 56T 4 40 B - 4 I P A0 A 5f
I, AT HAEDUR M AEYE B0 B, & 75
% B I IR T B HE A

1 #MR5RZE

L1 R A

B, 5,464 ,2010 5 H W EAE KR L
PR 9 IR IR 2 AR . ABTAE, MR
F WAIHEA L o 21%) , B BE 3G A8 B B E BR , HAE K
I o BH 23 22 (7 86.5%) 5 S AZAS A 7 XU ik B i
BB R AR B 2 RN B R B AIG  EAE 2 R
HEAR S P9 AR B B 15 5 7 48 & 12 W N PCL.
BT IR 2 T 2 MIA T T R, P A
L2 MR, 2018 4F 5 F 5w R IR B, i B K 2 it e it
80%. LT ZFMGIT 7 ZXZEEI TR, BHE B
R AEPUR IR IT Tk IRIT R B TR FIR T
PrIR 0T A 252 T A R R . %
PR BRIt AR ER I B2 & H A i
.
1.2 FFRARA ZZKH BALE

BEALEWNZ W R &R B4 i R A A1 A it
THF R PUEEE , F Ficoll/Hypaque %5 F& 66 F&E 125 100 43 55
A R i 5 k% 40 i (peripheral blood mononuclear
cell, PBMC) . JiI 3[R 4 DNA 3 #2177 £ DNA-
fast200 $& HU 5 [K 41 DNA , A Total RNA FR# i 42 i
7 & RNAfast200 $2HUE RNA . $2 5 H )6 RNA Al
DNA 73 % il /NE S TAE-80 °CUKARTRAT o

S [A 20 DNA i ifi 52 1077 & DNAfast200 . Total
RNA PR3 fih $2 18 771 & RNAfast200 1 5 K AED B
AR R 2 7], SureSelect Human All Exon V5 iR 7 &4
F Agilent Technologies, Inc., VAHTS" mRNA -seq V2
Library Prep Kit for Illumina® ¥ [ ¥ ME ¥ A= P RHE A
P A 7] 5 Qubit2.0 RNA A&l 771 &5 A1 Qubit2.0 DNA
& 3R 77 &% H Life Technologies A & » Qubit2.0 %
H 113K H Invitrogen /A 7 , # 75 I DNA AR H
Covaris /A 7] , Hiseq X Ten | J5*{X 1 Hiseq 4000 il 7
1%k H Tllumina Technologies, Inc..

1.3 &5 F 8l 5 HAENIKm IR T

FEA DNA F 4527 H 7 ERUN 28 AR
FA AT 568 . DNAFE & E o H BN &k Rk
73BT DNA B ERE S I A2 SARAE R JRNA B ETS
YL, R J5 Qubit 2.0 X} DNA & B AT/ € & . &
FoE I J 5 K B DK 2H DNA 28588 75 35 DNA BB A BEATLET
W %A B A 180~280 bp 9 Fr Bt , A SureSelect Human
All Exon V5 A Gl 3R MG T KA S . 132110
SCPE 2 PCR & MEY 1Y J5 b AT SCPE A, 136 o8 &
PCR 75 4555 SCPE A 204 BE (3 nmol/L) 4T HE i
. % )i FH Hiseq X Ten il /37 {3 32 47 Illumina HiSeq
PE150 ¥ o

A AR I SR A B R 4G A 22 0 Bl o
YA G 8 20 S8 8 BWA 804 Eoxet 31 2 % 3k
[K14H (hg19) , A MuTect A4 73 A7 - 4K 44 48 g 5% A2 o7
Ao F ANNOVAR #4028 S 25 B3 AT D) RedE %
1.4 Fam pab ) K B & A KR

H VAHTS" mRNA-seq V2 Library Prep Kit for II-
lumina® il # RNA-seq 3 JF , Qubit2.0 RNA fi ] i 77
F A Qubit2.0 9% YA KT RNA #E AT K5 v i &, B ig b
HERAT I RNA 56 B DL K R R A1 75 et i . 3R1S 1
cDNA F] Fl Qubit2.0 DNA #& il ik 771 45 7 o &,
cDNA 3 £ Fi| Hiseq 4000 3l /5 {C#EAT 0 5 0 77 43
S| 1 JE 45 B9 56 F FastQC #E 47 5 & v A4, P i
Trimmomatic 3F AT )5t & 5 U] , 15 21 AH X AE A 1A 208
o IRJG A8 F HISAT2 K FEAAT ROE S Lkt 1) 2%
BRI b, K H RSeQC R4 Lbxt & k47 TT R 741
Hlad N Fr B3 A7 3 4, R A Qualimap FR4f EE X 45 R
HEAT 35— 1 o A ST N 3k IR £ &5 ) 43 A 43 A, I
BEDTools #1755 [K 7 5 K Ge it 70 A Al e ek b 7 %)
Gy A S HT o A% StringTie A1 L 10 32 DR A5 70 i 3
R ik i
1.5 PCR-SBT %42 PCL %% 49 HLA L&

BT B S ) PBMC CIE B 4L 8URE A 1 4
AT 45 5, ) HL Aminer 3184 %F HLA-125%)
FRHLA- T 25 10 Rt AW E R 5
—J7 I, FEET 1 51 4y B 5 A T 2R B (poly-
merase chain reaction with sequencing-based typing,
PCR-SBT) {251 1% 5 3 [ HLA HEAT B 20 P 43 71
K HH 3.16.0 Hdh e 73 #r
1.6 &4915 8.5 7 R TN H7 A R

B A A 24 A8 SR % e 76 1) ‘2 B R Bk ik A G
i J5 5 14 N2 S TR iR AL 3L A 20 1 1) 29-mer 2 IEAE A
i N 9% A5 ik B, B H NetMHCpan 4.0 4 il i1 5
HLA-IZE A T 5 R Z R B AT Z M4 G887,
18 Fl NetMHClIpan 3.2 73 il it 5L HLA-II2E 70 1 5 R
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B2 RK B 2 BRI 45 G e DT, I P I 4 B R
D14 AT Lo . TN ) 45 A R 1 B DL ICs
(nmol/L) FHE4 H 4 B R« HES H 4 30e UM
% IKAE 2 000 /N AR [R] K B2 T BE HL E 2R 22 Ik 1) S A g
SMEHHES . NetMHCpan 4.0 Tl (f) HLA-1 2543
454 1 PR BE B K FE N 8~14 mer, NetMHClIpan
3.2 T5 ) HLA-112E 73 145 & PR IR B K N 15
mer. AR DL R 3% 8 Bt S5 3R A7 2 Ik CRITE A 4t
JF) : RAERAR ) £ K5 HLA 43 7 35 AE /N T 500
nmol/L, [F] B /N =55 B2 87 A2 Y %2 ik 5 HLA 7+ 2 1]
ISR AIE - BT A5 BB 26 B i 2 HE 00 1) 5% 0 g HE
J » O 0 Dl e 5k DR B0 7 e 6 R b 1 R AR 7 HE Y I
56 . NetMHCpan 4.0 5 X HF 44 Tl 0.5% N 58 45 &
K, BT 2% SN 5545 A K s NetMHClIpan3.2 & X HE4 Al
2% NRAE A K T 10% NES s A K. R Z A
FIR BRI B AR A 20 P 5 A8 A FH SR TR0 37 48 e
Jii o NetMHC FAF Tl i, %6y A 75T HLA 7.2 PA PCR-
SBT il 43 1) HLA V.8 25 5 A s T HLA-11 2843+
(11 DQBI1, 1 T % 14 7 Il I} DQB1 44 41 5 DQA1 %
I, M DQA1 J& PCR £ 55 45 3, i DQA1 W A DA
HLAminer {4 TR 25 5 o

2 # R

2.1 PCR-SBT k444413 &047 5 2 % % 69 HLA
A

FJ H HLAminer # £ #00 1f1 HLA 4 B4 4n sk 1,
PCR-SBT 7415 (1) HLA 43 8 45 5 5 A*02:01/02:06
B*40:01/44:03.C*03:04/04:01 .DRB1*07:01/11:01.
DQB1#02:02/03:01. LA PCR-SBT 246 i &% 5 %:F HE %
PEFRIN 25 5, HLA ) B AL C 3V 28 4 4 44 ok o F00
A*02:06.DRB1*07:01.DQB1*03:01 #% % {4 B o) i
T, 1 A*02:01 .DRB1*11:01.DQB1*02:02 [¥] Hif %5 fi7.
e G L e IS T = £ e s £ M
7772  HLAminer %4 %) HLA W% 5 53 o7 %0 i T
YEE Tff P AE AR 451 7 3K 31 100% , 1717 X5 HLA SV 784 1) i 4 43z
B P AE B PR 31 70% 6
22 PCL#M @AMl R ZE Y

BT R4 A BB AR T B, B
ORI TR MR =4 T 33 MEAI g 5848, 5
AL BRI BRI R AL S A T 1A
RAR , RAFZEI/NT 33%. Hdr, 24 DNRARAL T Y Ak
Al b, 10 AN AR T A0 8 7 X 3k, 3X 10 N RAEH ) 6
METH X R (K.

S N Y 25 o o, B SRS E IR 6
K, RFPL4A JI°F- % IA , FRG1 F1MLL3 ik &
Bm (R 2) o AR JG 828 AR P JE T A A 5 =5 e |

FRG1 Fl MLL3 (98387 =4 FigT Ed UL 1 REPL4A AHR
G A119G AN G S35 A= B JE T 5947

# 1 HLAminer 370N A% B &89 HLA 578
Tab.1 HLA subtypes of the patient predicted by HLAminer

Allele Score Expect value
HLA-I
A*02:06P 7 540.03 5.65E-53
A*02:77 7 235.04 6.95E-51
A*69:01 3015.02 1.26E-21
B*40:79 8 748.03 8.40E-65
B*40:01P 8 743.05 8.40E-65
B*44:03P 9962.01 1.22E-73
C*03:04P 7 839.04 1.35E-53
C*03:05 6 634.03 1.84E-45
C*04:01P 12 368.05 4.26E-84
HLA-IT
E*01:03:02:02 3926.00 2.90E-14
E*01:03:04 2712.02 4.24E-10
F*01:01:03:04 2413.01 1.82E-11
F*01:01:01:08 2 112.01 4.01E-10
G*01:01:01:02 2 717.00 5.12E-16
G*01:01:01:03 1 810.01 6.40E-11
DPA1*01:03P 9018.14 1.07E-21
DPB1*140:01 2411.02 1.37E-18
DPB1*17:01:01G 1 805.02 4.00E-14
DQA1*02:01 2 415.00 1.43E-10
DQA1*05:10 906.00 2.04E-04
DQB1*03:01:01G 1207.00 2.06E-10
DQB1*02:01P 604.00 1.43E-05
DQBI1*02:13 603.00 1.43E-05
DRA*01:01:01:02 30 162.13 1.53E-78
DRA*01:01:01:01 27 449.11 1.54E-71
DRBI1*11:27P 604.00 5.97E-07
DRB1*07:01P 604.00 5.97E-07
DRB1*07:24 603.00 5.97E-07
DRB3*02:02:01G 604.00 3.70E-04
DRB4*01:01:01G 1 809.01 1.88E-06

23 A EFTNE LA ARG

NetMHC # ff i U 45 & & 7~ , FRG1 (NM_
004477: c. A469G, p.1157V) . MLL3 (NM_170606: c.
C925T, p.P309S) . ZDHHC11 (NM_024786:¢c. G256A,
p.V86D) .SVIL(NM_003174:¢c.G2901A, p.M967D)iX 4
AL B RAR AT LS B RF S 07 1% A o 10 37 AR PR
(R 9e75 fT 72 Bk B 5 HLA 43 1 [ 45 4 fig 1170 T 500
nmol/L, Ff H./N T+ B B A= 7 ik B AN [R]—Fh HLA 43
TIIZER J1) , T3 AT HLA-T HLA-TI2E 51 SE AT ()
HAEPURE D BN 9344 Hir, SVIL 28748 77 A= 138
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AR AR R ks, T H A AR PR K
PR ZE . BT BN 2 AR PR SR A 45 5 HLA 1)
A*02: 01. A*02: 06, DQA1*02: 01-DQB1*03: 01.
DQA1*05:10-DQB1*03:01. DQA1*05: 10-DQB1*02:
02.DRB1*07:01 . DRB1*11:01 25 7 MEAL ., 18 N7
APURBEEAMELE S A E— M HLA 2> TR, 124
BrEPUR S HLA 43 BISR A LR ATTAR S B A A
% K25 A1 77598 100 nmol/L B _F. FRG1 A MLLS3 (£
mRNA F kK5, H MLL3 52 Ry fE# e,
HeETAE DU 3% 8 DL FRG 1 AT MLL3 (53874 (K AR

ALLASNSCFV A HLA [f] A % T 50 &5 & ik, MLL3
P309S 7= 4= #I #7 £ Bt Ji YHY-SCAAGAGTFQDF.
TQMYHYSCAAGAGTE.QM-YHYSCAAGAGTEQ .
MYHYSCAAGAGTFQD A DQA1*05: 10-DQB1*03:
01 4> T 58 &5 & ik - ALLASNSCFV. TQMYHY-
SCAAGAGTF. QMYH -YSCAAGAGTEQ. MYHY-
SCAAGAGTFQD 54 N HLA 4 ¥ 26 A1 77 Lh e Al
AH LT AR B 22 IR B SR AN ) R 2 D — AN B E S GEAN
FIE /N 150 nmol/L PA_E) , 3% S8 357 A6 471 S5 AE S Bm o
1 ) R by = 8

56(3). FRG1 157V AN EDUR LLASNSCFV Al

2 PCL4FRHIE X AR

Tab. 2 PCL-specific missense somatic mutations

Genomic location DNA change Protein change Mutated cell (%) Gene Expression
chr4:190878589 A469G 1157v 4.9 FRGI 42.32
chr7:151970877 C925T P309S 39 MLL3 2581
chr10:29779789 G4179A/G2901A M13931/M9671 8.7 SVIL 392
chr18:3079218 G4607A/G4319A G1536D/G1440D 7.1 MYOMI 277
chr5:848742 G256A V861 6.3 ZDHHCI1 235
chr19:56273285 A119G K40R 6.8 RFPL4A 0.00
Reference genome is hgl9. As for genes with alternative splicing, DNA and protein changes in all mRNA/protein subtypes
$ are listed. The unit for expression is thousands per million

®3 REERSEETHNEFERR

Tab. 3 Predicted neoantigens with relatively high expressions

) Affinity Rank
Neoantigen Related gene HLA subtype
[a(nmol- L] (%)
LLASNSCFV FRGI A*02:01, A*02:06 10,21 0.11,0.27
ALLASNSCFV FRG1 A*02:01, A*02:06 34,84 0.45,0.96
YHYSCAAGAGTFQDF MLL3 DQA1*02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01 41,51 2,1.2

MYHYSCAAGAGTFQD MLL3 DQA1*02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01,DRB1*07:01 42,52,177 2.5,1.2,15
QMYHYSCAAGAGTFQ MLL3  DQA1*02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01,DRB1*07:01  44,52,113  2.5,1.3,9.5
TOMYHYSCAAGAGTF MLL3 DQA1*02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01,DRB1*07:01  48,58,94 3,1.5,7.5
HYSCAAGAGTFQDEFS MLL3 DQA1*02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01 57,82 3525
YSCAAGAGTFQDFSH MLL3 DQA1%02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01 67,98 4535
CTQMYHYSCAAGAGT MLL3 DQA1*02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01,DRB1*07:01  75,90,140 53,12
KCTQMYHYSCAAGAG  MLL3 DQA1*02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01,DRB1*07:01 100,118,158  7,4.5,14

SCAAGAGTFQDFSHI MLL3 DQA1*02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01 106,150 7.5,5.5
MALLASNSCFV FRG1 A*02:01, A*02:06 130,384 1.25,2.84
QMYHYSCAA MLL3 A*02:06 140 1.38
EKCTQMYHYSCAAGA MLL3 DQA1*02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01,DRB1*07:01 153,178,184 11,7,16
QNGKMALLASNSCFV FRG1 DQA1%02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01 163,372 12,14
NGKMALLASNSCFVR FRG1 DQA1*¥02:01-DQB1*03:01,DQA1*05:10-DQB1*03:01 176,426 12,16
GKMALLASNSCFVRC FRG1 DQA1*02:01-DQB1*03:01 214 14
KMALLASNSCFV FRG1 A*02:01 237 1.83
KMALLASNSCFVRCN FRG1 DQA1*02:01-DQB1*03:01 273 17
MALLASNSCFVRCNE FRG1 DQA1%02:01-DQB1*03:01 434 24

R -
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AT 380 AR B R A Ji 88 6 9 403 ) I DR R FH A AL 1E 3
BRI, T LR, B2 B 7T ) 2L T R
AR 0T A A A i JRE R T R D R T O M B AR
Je B4, (EL & N BT 2B B R A 9 IR 2R G R 1
FHEFENARE . HErER E A s 2 R
FE IR B FH A AR AT TR T I S0 R 5 bR 4 i 2
T A UE ST 2 R A 2 R 1 e R A .
A R FH A e 8 SRR MR TR T 2 R
PEE BT, AN T 5 R A L G R T
Gy for 25 A BELIT 55 H A R T T B S A JE 9T Ao
AE T EC, FOGLIETTA 585 i, S5 5L R B8 R it %
DA o0 75 5 P AR BT AR PR, HLX e AR R R
% IEI FAE B R R RN . RN R TR
3 R P98 2 ¥ A A o e R e v T O AU B AR B
i TR B3 0 A YT R A G P R G I OB DR 5%, TRtk
e Y Hff 4 T b 3R A5 5 A B i K B A R A AR A A
PEIRIT B RGP R . R A B TP e
A EEICEE AT, — X B M HLA o T T o A —
REEAERAENRMMRAE . REHRR, &
SREET AR 25 R AR A5 B A A HE T HLA
53 B B e R 22, 0 2 0T HLA 2 B i Y
LB S AERR P — AL EEIA 2] 100% , {H 2 FAE T
HLA 7 0 115 79 457 5 DA B4 57 1) Tl 4 1 8 9 AN
5 T P98 T A DR T — 5 7 SR A 31 DU A7 B
HLA A, [ 6 3 8 HLA 43 B 8 DL S 56 45 oM i .
BT A PR IS 26 2 R P R P R S AR AT
mRNA F£IA(E 5 58 B A2 B 55 1 77 (ICs0) /) (st
5 HLA 7 745 4D BB PR 5 Hout b B 4 A
Z KI5 A 7 1Cs 2 He /s CERR 35 37 2E P 5L 5 HLA
Ir L5 A e 1 i o TR B B A £ K5 HLA 4 1
HIZE A DR A PUR , BUANE T B8 A e = A4 3
A LR () 578 B IR IR AR W 2 Th e, TR LR 5 AT AL
P B R o FE AN B, SR FRGI 1157V
MLL3 P309S iX ¥ A~ 545 (1) 548 4l 2 75 1% F8 3 14k
Y11 B 5 AR H A 2 i e 11 5 (LR X R AN SR R R R
JE iR, 7t H mRNA Rk (55 03 ik T HAh =4
SR DL BRI R A0 S0 3 X S 9 AR P AR KB A Bt
JE o T H X AN FEAR PR AR T AE PR S HLA 4 1
ISEA SR k) . 3 — D g & ARSI 1 A
52 18% , MLL3 P309S 77 A& 18 £ Pt s B e A AR o %5
& o TR YE T IR A S K MR T 4 B, T A A

PO TR 3 82 2% 7% 18 T AT (038 2B R 5 IR 1
AR AR iR T 4 IR S 00 A 4 R SR A A Y
WEPUR T RE R SRR E TR T E

2 S8 1 IR A AN KO 43,8 2B R
O 130 B A R ER 2 B AR DR KKV R 22 5P
AT DAL 8T A TR B H A2, SRR B X B R
PCL (1% 67 IR AT BERUR 2 AN 1% 8 H I i
Jed FEAZ AT 2104 0.66 , LA JiH R 14 5% A8 47 A (IR AR
BRI R il T L O R L s A R G 1
(LW, X AR 7R B PCL I A B 1 i R 9 48 47
il ] BEWLAR A o 10 SCHRAR [0 iy AR, 4175 0.12,
VW RE 77 A 2 0D 0 1 20 Jif R AR A SR i AR
Mo U7, RALH R A E ), R D ER A
RAZAE RN FIEF A PUR . 15, 8 2 R
PO R CR (G JE K P P o N AR 25 1 ) R i 88 T A 455
XEREDUR ST T 4RI , B 3 IEAE IR A R AEAR
MEEE SR R — /Nt B stax Tk
P PCL H6 7 RS s itk — 25 (i PR B R 24T
LRE T

AR, I A 5 DK SRR B2 JHe <5 245 4 L L
G I T4 A I S, PCL & TG 58] 1 —
SE BB S (H 2 H AT SR % PCL AR SR A7 7E
MRRASL 16T RCRARIR R B, i1 75 51 NGB % S i
TTBORBGEIRTTBUIR . 18 £ D 0 IR e % ia
7 BAT LA JL AL - QOB AR B 5t R e i e 4 i 2
15, AL s (203297 HBis MK B 5 8 9% &
g, AR TN BESE MR A R S AR I KU
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