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Analysis of Non-target Proteins in Human Albumin and Human Immunoglobulin by UHPLC-LTQ-
Orbitrap-MS

ZHANG Hengjie, TANG Yao, WANG Juexiao, JIANG Jiaxing, LONG Lijuan, MA Jing, WANG Shugqiao,

LI Yan", YANG Lei[Sichuan Institute for Drug Control(Sichuan Testing Center of Medical Devices), NUPA Key Laboratory
for Quality Control and Evaluation of Vaccines and Biological Products, SCMPA Key Laboratory for Quality Monitoring and
Risk Assessment of Biological Products, Chengdu 611731, China]

ABSTRACT: OBJECTIVE To analyze and identify non-target proteins in human albumin and human immunoglobulin by
ultra high performance liquid chromatography tandem linear ion trap orbitrap mass spectrometry. METHODS The extract was
separated on a ACQUITY UPLC peptide BEH Cis(300A, 1.7 um, 2.1 mmX100 mm) column and the gradient elution was
performed with mobile phase consisting of 0.1% formic acid aqueous solution-0.1% formic acid acetonitrile. The analytes were
detected in Full MS/dd-MS?(TopN). RESULTS A total of 52 non-target proteins were identified from human albumin and
human immunoglobulin. Among them, 25 non-target proteins were identified in human albumin samples, and 27 non-target
proteins were identified in human immunoglobulin samples. CONCLUSION The established qualitative method can rapidly,
accurately and systematically identify various proteins in human albumin and human immunoglobulin. The results provide
reference for the quality control of the preparation as well as its further clinical application.

KEYWORDS: UHPLC-LTQ-Orbitrap-MS; blood products; non-target proteins; qualitative analysis; human albumin; human
immunoglobulin
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Fig.1 Chromatograms of typical sample
A—human albumin; B—human immunoglobulin.
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Fig. 2 Photodiode array chromatogram of typical sample
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Fig. 4 Pie charts of missed cleavages
A-human albumin; B-human immunoglobulin.
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Fig. 5 Scatter plot of quality deviation
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Tab. 1 Results of identified

' HHAFR 4yFH/kDa R PSMs
PNIIREE =
1 M2 #4546 % H(Hemopexin) 51.6 7.02 771
2 fahERZE 1 (Haptoglobin) 452 6.58 600
3 YA E E 4545 M (Afamin) 69 5.9 540
4 o-1B B [1(Alpha-1B-glycoprotein) 54.2 5.86 239
5 filER A H AH 9 8 H (Haptoglobin-related protein) 39 7.09 234
6 z5| 2 (Attractin) 158.4 731 162
7 JEERE 1 A(Alpha-2-HS-glycoprotein) 393 5.72 156
8 N-acetylmuramoyl-L-alanine amidase 62.2 7.55 154
9 P2 M H 1(Beta-2-glycoprotein 1) 38.3 7.97 129
10 4 # i (Ceruloplasmin) 122.1 5.72 119
11 I8 A C1 )7 (Plasma protease C1 inhibitor, C,-INH) 55.1 6.55 119
12 HURIRSS A R M (Thyroxine-binding globulin) 46.3 6.3 116
13 #%%Kk# 11 (Serotransferrin) 77 7.12 93
14 Ifi£LZE 1 B W% (Hemoglobin subunit beta) 16 7.28 87
15 #N5HE F A-T(Apolipoprotein A-II) 1.2 6.62 76
16 a-1-FRMEBHEE 1 2(Alpha-1-acid glycoprotein 2) 23.6 5.11 75
17 IfZLEE 1 o SF%E(Hemoglobin subunit alpha)[”! 15.2 8.68 72
18 HUWRIR 2 4438 5 (H (Transthyretin) 15.9 5.76 72
19 ol ###k% H (Protein AMBP)#] 39 6.25 72
20 H AR a2 BB H (Leucine-rich alpha-2-glycoprotein) 38.2 6.95 69
21 A% M 9(Keratin, type I cytoskeletal 9)[! 62 5.24 69
22 fifEH 1(Keratin, type II cytoskeletal 1)1%] 66 8.12 65
23 al-BUBRE I ##(Alpha-1-antitrypsin, ol-AT) 46.7 5.59 40
24 %M 10(type I cytoskeletal 10, Keratin)!'!] 58.8 521 39
25 CIRL #MA(Complement Clr subcomponent-like protein) 53.5 7.2 35
NGPERRE A
1 pEskeE 1 E 55 1E 2 X y1(Immunoglobulin heavy constant gamma 1, IGHG1) 36.1 8.19 1179
2 EEERE M « %4 1E E X (Immunoglobulin kappa constant, IGKC) 11.8 6.52 942
3 AREEREE P HAEE E X y2(Immunoglobulin heavy constant gamma 2, IGHG2) 359 7.59 935
4 APERREE I HEHEE 2 X y3(Immunoglobulin heavy constant gamma 3, IGHG3) 41.3 7.9 596
5 SRR A A 4EE F X 2(Immunoglobulin lambda constant 2, IGHG3) 113 7.24 406
6 RFERRIE T A BHEL K 5(Immunoglobulin lambda-like polypeptide 5, IGLLS5) 23 8.84 316
7 HRPEBRREE H FAEE & X p(Immunoglobulin heavy constant mu, IGHM) 49.4 6.77 244
8  MBEBRHE I HEHE1H 2 X y4(Immunoglobulin heavy constant gamma 4, IGHG4) 359 7.36 237
9 ARPERRE A A FR4%ETEE X 7(Immunoglobulin lambda constant 7, IGLC7) 1.2 8.29 177
10 f Rk E A ESEE E X ol Immunoglobulin heavy constant alpha 1, IGHA1) 37.6 6.51 134
11 8Kk 1 (Serotransferrin) 77 7.12 115
12 403454 8 H (Hemopexin) 51.6 7.02 61
13 $yE sk A B4 T 48 X 3-7(Immunoglobulin heavy variable 3-7, IGHV3-7) 12.9 6.57 54
14 fiZEH 1(type Il cytoskeletal 1, Keratin) 66 8.12 45
15 sk E H EAE W] 22 X 5-51(Immunoglobulin heavy variable 5-51, IGHV5-51) 12.7 8.27 44
16 sk & HEAE ] 42 X 3-11(Immunoglobulin heavy variable 3-11, IGHV3-11) 12.9 8.6 44
17 HREskE HEAE ] 42 X 4-59(Immunoglobulin heavy variable 4-59, IGHV4-59) 12.9 9.29 43
18 SRk H EAE W] 72 X 3-30(Immunoglobulin heavy variable 3-30, IGHV3-30) 12.9 8.92 42
19 ffEEkE A ESEE E X a2(Immunoglobulin heavy constant alpha 2, IGHA2) 36.6 6.27 40
20 FRPEIRAE P EAET AE X 3-9(Immunoglobulin heavy variable 3-9, IGHV3-9) 12.9 7.08 39
21 FRIEIRAE 4 FAE T AE X 3-48(Immunoglobulin heavy variable 3-48, IGHV3-48) 12.8 5.36 37
22 EEVEIREAE H(Gelsolin) 85.6 6.28 97
23 #M& B K ¥ (Complement factor B) 85.5 7.06 91
24 ] ##(Immunoglobulin J chain) 18.1 5.24 42
25 #MA C3(Complement C3) 187 6.4 40
26 #NEE 1 H(Beta-2-glycoprotein 1) 383 7.97 38
27 A RERRAE I EAE A 72 X 3-33(Immunoglobulin heavy variable 3-33, IGHV3-33) 13.1 8.94 38
v B R 22 2023 4E 10 A4 40 3556 19 1 Chin J Mod Appl Pharm, 2023 October, Vol.40 No.19 <2717 -



Afamin 2—fHiEN, SHEATFIIRIE, 5H
G, 4EER D SAEO M, WEARAR
PRI R G R R 1, 32 A I v 2R3k 543 b 3] i
i, Afamin B o My EF WA AL, HKP
WL A IE R EAE TR & 12, Afamin ATRES
RS RIPUB VI, 5 2 BRI & fE - 4n
L R AR RS, SRR O
Y =R 9 R 2 R R A ) R AR DG,
AR T o Moy AT g a ol
Attractin J&—FPBiE 1, Duke-Cohan ZEU4I7E A
M R B BT A9 T bk E 4 B 2 A FTRE T,
TERSMRES [ T WL A0M 1) oA A MIE 3y, 24
fith 1 428 AN ZIERR BRI SRS AR 1, AEAE IR
Iz, EEEESERET IR AR
K. /Ng . I, S 545WIRNTF 2 AR
PR AR FE ke, M A s v DL
5K EHTIE N E G YIEXAETE, agE
F1 A-TIUSL,

ek A o Hoh ik g R . AR YR
AP H . AR S R e HEE A
R . MRS, REED . MAaRSS
. HRRRGSSEAS, MEREDFENAE
PRI RE A G il & M 2L 8 A o i 2R 1 RE
3 ) R R A AR A, IR YT T X ) R A
I UG R G A5 S R A B R C ALl
%, ARRAERHAN TR E . R R
FLEHAR, BB AL 25 P 221 48 it R H At 2H
21, MRS A0 EZ Y RE AL S i 2 2L
2o HURBRRS56 BRE H2 M b R IR R (T4)
1) FEE R R A2, FAMAEAE 3 PR,
AR ERLSGEREN . PRIBERFEEAA
HEE, BT TR R 85  HOR R B R
JiR 2 (T4 3,5,3°- = BLHDIR AR R ZBR(T3).

Ak, AT AEAMA RS . BEILR
4. FHEAEHRG . WIKR G D) LA A
507 A EZERE N . AR S R
HBE 2RI ETE ol -PURE AR . K&
C1 IS . ol PP EE B HLIA N —Fh 22 2
EEAHY, BRFENEABIEY, b
PR IE A0 B AS 52 2 R P B IR B, ek
B G AR AE , AERF LA N BB i R 21,
I3 & F i C1 #0655 (plasma  protease C1
inhibitor, C-INH)&—MEHMHMHY), B8 T2

2718 -

Chin J Mod Appl Pharm, 2023 October, Vol.40 No.19

AR E AR HI FE Z i — 5, B EREDY)
RE I HIAMA R G LIBT 1R H & 306 . Ci-INH i858
PR AR AR . B . PO . AR B>
C1-INH AT 308 Tk SRR i, LR 30 il 48 ph 28
K Jiit22-231
2342 ANRPEERREEE ANMERkE A R R
NI AR O BEvE 5y 8 IRBUF 23 K6 )5
G T e e Bk A R SR TR, AT
WEMEPUREE . PR AU R SPUA, EERS N
IgG, HBEHEAM 90%LL . Nk E AP EH
2 SREBEA 2 SR EELL AL S R IR A . e
AT DAFE D RE b 43 R 456 e 0 i) A2 DX RIS 2 2500
rUIBE R PEE X, FIANEMAR TG LS Fe 3Z24R1
GG CEREFEA 5K BN IIE LT 1gM.IgG.
IgA IgD 1 IgE IgG A 732k 4 MK 1gGl 1gG2 .
1gG3 1 1gG4, BAWAHA B ALY #RE,
IgA AT LIZELIHL AT TgAl Fl IgA2, RIRERY, 2
HEd oy ok 2 25, Ak w BERN LB, RIE X T «
B Ig A RS Ig, AR A BEIE E X E LR 22 57
AR My Ao A Al A4 ANEZE

NG PERREE AT AR X . Al A8 X ER H REHINI T4
S GPUR, ESPURSS AR, TERN TS S
A K L=, A AR R | BHIOR R AR
T BRRRAE  SE TR . AR S S e
IGHV3-7 . IGHV5-51 . IGHV3-11., IGHV4-59 |
IGHV3-30, IGHV3-9, IGHV3-48, IGHV3-33[25-7],

ANGRREREAHEEX: HEXEAS 524
AR, AL ROE S RN L A AR P 1) 5 A S
N FAEWEAE T o TE 2 A S e il AR 10 B I s P A
EH, SR sRE AN SRR N ; Bk
Do B IE WY AR REAE R Y IE R . At
e S E ) IGHGL . IGKC. IGHG2. IGHG3.
IGLC2. IGHM. IGHG4 . IGLC7. IGHA1 . IGHA2,
IGHG3 fig 5 R4 pE . B VM -1 1gG Fe 52
WRgEG, NI & HE 5 5 W 4 A9 R B E A
HEE AT AE . IGHG3 M AESH S 4m i
T FIA 1) FoyRI 1 25 FNZ5 A, BA IR 28 240 ks bt I
PEAELY T WRELZHAE ARG 7E FHES-360,

NARPEERE AR AR . BR LR EE AL #4
WAL, AR L E R — SR . BER A
M (gelsolin, GSN)YE A e £ 188 S5 Y B
Z—, EReLAESAR Y GRS VI . B ALsh
B U 22 s 5 R LB B SR AR i 55 T KR L

P B FH 252 2023 4F 10 A4 40 B4 19 1)




SR MIZE . GSN & —FPHILIAR A 85 A 7E ) 2
eeNLshEE A4S A e, XA E5 A AL
RERA Z R AE IR E A, A I B (plasma
gelsolin, pGSN)FI4iNI i %! (cytoplasmic gelsolin,
cGSN)2 R AY . H /ARG B WY e B 45 40
MU (RS . B R U 24
T, HAERAE . M . O AN . PR K
BRWG . FIRETI . 2% 22 A G E R A M
AR MR BT e PP 25 0 v A9 A P o 73 21 gk
— R I HABT38 ) %MK B [FIF(complement factor
B, CFB)&tMAR @A i — A EE N 1, F%
H 20 B 0 E A S A, S22 S AMAE Ay E
BNSr. CFB Z S5HURBH, TEAMA05 & 5 0E it
P b e AR AP, T () chain) @ —& &2B e
MR ZINGE, ARG, FEEIRERR AR g
O FIEHUN ZRAKSZ IR, 1 A58 TgA 73
T 2> IgA BAfARAE T chain B3 50— 314K 14 1gM
2T 5 A IgM BRfE T chain B TLRIK, A
BT Zfhalie, QR REskE b 2R G Ah 1k, AR
RWELE A I RN DR WE AR B 4h & 05 104 R MA
C3, tMERGBIUAR EEPH ARG Z —, C31E
*MA RGOS HEZOVE . S8R U A
Woh AR EHME™, @ EA H
(apolipoprotein H, APOH)YWLFRN B-2-HidE 1 1, &
W R EEE, wAEEEAAE . Bl 1k
MAGTBERS B BPUARR A 24 R e T
G, BRSE A BUAFE T APOH mRNA 78] 1#Hbk iE
BB AN ROAEIR b g bR FURak , BRITFILETA
AT I 2 AR FR RSN, APOH 78 5L~ -4 Jfd A
Kupffer 2 fifg th X547 i ik,
3 Wig

ML) il B S 2%, ST RORIRT Z2 Mk
e w 1D R I N VST N N T i e S B
FE DT R T 0 M ) i AR AR ST S
REW, R UHPLC-LTQ-Orbitrap-MS A A] LA
P SLEI e aiTh: RO DN NS 4 & DS PN L 32 &
tryAE HAniE B AT e o . e —ERRE BIR
T IE BN A A F RNk E AR
PR TS A AL, S O A i) B4 I AH DG Y
I BEE 1A

REFERENCES

[11 KE BB, XIEY Y, WANG D R, et al. Analysis of impurity
proteins by biomass spectrometry in human serum albumin[J].

P E AR F 252 2023 4 10 58 40 545 19 M

[2]

[3]

(4]

[3]

(6]

(7

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Chin Pharmaceut J("1 2424 243K), 2020, 55(2): 148-152.

JO M, KIM J H, SONG G J, et al. Astrocytic orosomucoid-2
modulates microglial activation and neuroinflammation[J]. J
Neurosci, 2017, 37(11): 2878-2894.

LIN M, LIU J M, ZHANG F P, et al. The role of leucine-rich
alpha-2-glycoprotein-1 in proliferation, migration, and
invasion of tumors[J]. J Cancer Res Clin Oncol, 2022, 148(2):
283-291.

CRUZ-TAPIAS P, BLANK M, ANAYA J M, et al. Infections
and vaccines in the etiology of antiphospholipid syndrome[J].
Curr Opin Rheumatol, 2012, 24(4): 389-393.

JIN Y, ZHANG H T. The promising antibodies of
antiphospholipid  syndrome[J]. Chin J Nephrol Dial
Transplant(' I -5 B0 B AR IE), 2022, 31(1): 78-83.
BIRUKOV A, POLEMITI E, JAGER S, et al. Fetuin-A and
risk of diabetes-related vascular complications: A prospective
study[J]. Cardiovasc Diabetol, 2022, 21(1): 6.
ZANGJT,LIQ H, WU Y, et al. Expression of hemoglobin a
and P subunits in different types of rat vasculatures[J]. J] Army
Med Univ(Fi 224288 R 272440), 2022, 44(5): 399-405.
RUTARDOTTIR S, KARNAUKHOVA E,
NANTASENAMAT C, et al. Structural and biochemical
characterization of two heme binding sites on
al-microglobulin using site directed mutagenesis and
molecular simulation[J]. Biochim Biophys Acta, 2016,
1864(1): 29-41.

WANG B H, XU W H, TANG X J, et al. Analysis of KRT9
gene mutation in Chinese Han population[J]. J Shanghai Jiao
Tong Univ Med Sci( I 32 K424k BE22RR), 2018,
38(12): 1425-1428.

OGUNNIGBAGBE O, BUNICK C G, KAUR K. Keratin 1 as
a cell-surface receptor in cancer[J]. Biochim Biophys Acta Rev
Cancer, 2022, 1877(1): 188664.

HUANG T L, CHOU C C. Effect of mutations on the
hydrophobic interactions of the hierarchical molecular
structure and mechanical properties of epithelial keratin
1/10[J]. Int J Biol Macromol, 2022(212): 442-450.

JUHASZ I, UIFALUSI S, SERES I, et al. Afamin levels and
their correlation with oxidative and lipid parameters in
non-diabetic, obese patients[J]. Biomolecules, 2022, 12(1):
116.

FENG L R, YU W, LIU X L, et al. Proteomics research of
serum afamin in type 2 diabetes[J]. ] Wuhan Univ Nat Sci
Ed@BUA 254k #2572 hR), 2021, 67(1): 103-110.
DUKE-COHAN J S, GU J, MCLAUGHLIN D F, et al.
Attractin(DPPT-L), a member of the CUB family of cell
adhesion and guidance proteins, is secreted by activated human
T lymphocytes and modulates immune cell interactions[J].
Proc Natl Acad Sci USA, 1998, 95(19): 11336-11341.
WRENGER S, FAUST J, FRIEDRICH D, et al. Attractin, a
dipeptidyl peptidase IV/CD26-like enzyme, is expressed on
human peripheral blood monocytes and potentially influences
monocyte function[J]. J Leukoc Biol, 2006, 80(3): 621-629.
CHENG D, LI J, CHI Y, et al. Expression of attractin in the
testicular tissues of azoospermia patients with different
pathological alterations[J]. Chin J Endourol Electron Ed(*'4&
I PRIME R HLTAR), 2012, 6(2): 142-145.

Chin J Mod Appl Pharm, 2023 October, Vol.40 No.19

-2719 -



[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

.2720 -

MING Y, XIONG C L. Expression of attractin in the mouse
testis[J]. J Math Med( % Bl [ 24 2% 2% &), 2014, 27(2):
143-145.

JIANG Z H, ZHANG Z Y, HE M, et al. The screening and
identification of apolipoprotein A-II from serum differential
proteins in hepatocellular carcinoma patients[J]. Chin J
Hepatol(FFAEFAT %), 2010, 18(6): 445-449.

JANSSEN O E, CHEN B, BUTTNER C, et al. Molecular and
structural characterization of the heat-resistant
thyroxine-binding globulin-Chicago[J]. J Biol Chem, 1995,
270(47): 28234-28238.

CHEN L D, LU HJ, GAN Y L, et al. Partial thyroxine-binding
globulin deficiency in a family with coding region mutations
in the 7BG gene[J]. J Endocrinol Invest, 2020, 43(12):
1703-1710.

GHOSH A J, HOBBS
understanding the genetic involvement of alpha-1 antitrypsin

B D. Recent advancements in

deficiency associated lung disease: A look at future precision
medicine approaches[J]. Expert Rev Respir Med, 2022, 16(2):
173-182.

DAVIS A E 3rd. Biological effects of C1 inhibitor[J]. Drug
News Perspect, 2004, 17(7): 439-446.

CICARDI M, ZINGALE L, ZANICHELLI A, et al. Cl
inhibitor: Molecular and clinical aspects[J]. Springer Semin
Immunopathol, 2005, 27(3): 286-298.

MORELL A, SKVARIL F. Structure and biological properties
of immunoglobulins and gamma-globulin preparations. II.
Properties of gamma-globulin preparations[J]. Schweiz Med
Wochenschr, 1980, 110(3): 80-85.

MATSUDA F, SHIN E K, NAGAOKA H, et al. Structure and
physical map of 64 variable segments in the 3'0.8-megabase
region of the human immunoglobulin heavy-chain locus[J].
Nat Genet, 1993, 3(1): 88-94.

POLJAK R J, NAKASHIMA Y, CHEN B L, et al. Amino acid
sequence of the VH region of a human myeloma
immunoglobulin (IgG New)[J]. Biochemistry, 1977, 16(15):
3412-3420.

ZHOU S Q, ZHOU J H, XU Y J, et al. Antibody diversity of
hepatitis B immunoglobulin[J]. Acta Anat Sin(f#if]2=4R%),
2013, 44(4): 479-484.

SHI L Y, MOU B H, JIANG T T. Serum IGHG3 and HPT
levels in patients with pulmonary tuberculosis[J]. Zhejiang
Med J#TLEE2#), 2017, 39(9): 699-702.

KANG S, MAENG H, KIM B G, et al. In situ identification
IGHA2 in the
microenvironment by mass spectrometry[J]. J Proteome Res,
2012, 11(9): 4567-4574.

YANG N, BAI Z H, QIU X J, et al. Proteomics of urine in
patients with acute pancreatitis[J]. Shandong Med J(1LI 4 B 24),
2018, 58(38): 20-23.

and localization of breast tumor

Chin J Mod Appl Pharm, 2023 October, Vol.40 No.19

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

WALLY J, KICA G, ZHANG Y, et al. Identification of a
novel substitution in the constant region of a gene coding for
an amyloidogenic kappal light chain[J]. Biochim Biophys
Acta, 1999, 1454(1): 49-56.
VAN DER BURG M, BARENDREGT B H, VAN
GASTEL-MOL E J, et al. Unraveling of the polymorphic C
lambda 2-C lambda 3 amplification and the Ke+Oz-
polymorphism in the human Ig lambda locus[J]. J Immunol,
2002, 169(1): 271-276.
ZHANG Z Y, ZHAO X D, JIANG L P, et al. Clinical
characteristics and molecular analysis of 21 Chinese children
with congenital agammaglobulinemia[J]. Scand J Immunol,
2010, 72(5): 454-459.
BOTTARO A, CARIOTA U, DE LANGE G G, et al. Multiple
levels of analysis of an /[GHG4 gene deletion[J]. Hum Genet,
1990, 86(2): 191-197.
SCHROEDER H W Jr, CAVACINI L. Structure and function
of immunoglobulins[J]. J Allergy Clin Immunol, 2010, 125(2
Suppl 2): S41-S52.
YU X J, ZHANG F, YU C F, et al. Bioinformatics analysis of
structure and function of cluster of differentiation 19[J]. Prog
Microbiol Immunol(f# 25 ) % B2 € 2 ik Ji2 ), 2021, 49(5):
54-59.
HUO D, CHEN J. Recent advances in research on gelsolin and
related diseases[J]. World Latest Med Inf(tH 5587 B 2415 B
SCH), 2019, 19(59): 109-111.
MULLANY S, SOUZEAU E, KLEBE S, et al. A novel GSN
variant outside the G2 calcium-binding domain associated with
Amyloidosis of the Finnish type[J]. Hum Mutat, 2021, 42(7):
818-826.
GUO N N, WANG X Z. Research progress of complement
factor B[J]. Int J Immunol([E FRAeies#A=ak), 2022, 45(1):
102-107.
ZENG P, CHEN J L, LI J Y, et al. A study on differential
proteomics in traumatic osteonecrosis of the femoral head[J].
Orthop J China("'E%FIE AN %K), 2019, 27(5): 453-458
BERTRAND F E 3rd, BILLIPS L G, GARTLAND G L, et al.
The J chain gene is transcribed during B and T lymphopoiesis
in humans[J]. J Immunol, 1996, 156(11): 4240-4244.
ZHANG M J, DAI S, CHANG D L. Correlation among
complements C3 and C4, anticoagulant proteins,
hemorheology and onset and prognosis of sudden deafness[J].
Chin J Otol(H 4 HARL#747K), 2022, 20(4): 554-559.
CAO J, GONG J, LI X H, et al. Identification of function and
mechanism of apolipoprotein H gene in liver failure based on
bioinformatics analysis[J]. J Sun Yat Sen Univ Med Sci(*111
KA BE2ERR2ERR), 2020, 41(2): 217-223.

ek H 1. 2022-09-09

(B34 PRiaL)

P B FH 252 2023 4F 10 A4 40 B4 19 1)



