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Abstract

Artificial intelligence (AI) technology is a key driver of technological and industrial transformation,
rapidly empowering healthcare services and medical education. This article summarized the empow-
ering role of Al in medical immunology, which spanned from cutting-edge research to educational in-
novation. Al had revolutionized multiple areas of immune-biomedicine, which achieved a significant
progress in immunology areas such as disease biomarker identification and diagnosis, personalized
treatment strategy development, drug screening and development, and candidate vaccine develop-
ment. Research findings were being transformed into educational resources for medical immunology.
Al has changed traditional teaching models of medical immunology by constructing immersive virtual
learning environments, providing personalized adaptive learning paths, and implementing intelli-
gent assessment with real-time feedback. This has significantly enhanced students’ interest and par-
ticipation in learning immunology, broadened their academic horizons, and cultivated innovative
thinking and academic abilities in immunology. However, the Al-powered education in medical im-
munology faced many challenges, which included insufficient integration of immunology and Al, un-
resolved technical difficulties, high implementation costs, issues concerning data security and privacy
protection, algorithmic bias, and Al hallucinations. In the future, measures such as breaking through
key technologies and improving data governance systems will be taken to promote the research and
educational innovation of Al in medical immunology.
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Figure 1. The artificial intelligence development of medical immunology and medical field.
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2.1 AILEseNHBIREREHA

UL H1(1950 4:~1970 4F) EZAE LI K AE U8 T HEBE B SR FINLER, A RN TR BEMES 2 T 1956 4
R e RIERER Y, R AR TS E AL, BT RZ T X RS 1R
B MYCIN £ X R24t, BT Al EEERZHNHE NSNS, HE BRI R I mEdEE =, R
FHEHAG T Al TEER2E T T 2 He 2 AN, (R B 225 B A S 5 R R BE 5 T R Aih[4]

22. ANIERER RAVIRBIETHA

L H(1970 45~2000 4F)Z 5 Al BIRIRYE, dnitSEae 71 BRI Ee AERL I IR 58, PR A4E &K
RGN AT B, FR RO T 5 U5 A2 BRI o K AL RN B2 AT PRI R AL 2 — 2 (% F CASNET
BRTF R T IR & TR, DARCR AT PSR SR R SR AR R 2400 22 R I S8 e W7, SR IR 2 R A%
ST, PLERE ST ROR IR RN AR Al B 3952 1 JER[4]. e, B S A
BRI RN G 2 P 2% 4 10, R 245 B AE R 2 T .

2.3. AT EaemFF el S

(2000 4F-~2020s) /& N\ T 45 B 7T = 7 AU BT 2 K S ABRH |3z N FH DB 9, o T AR R 70 A a8
BRI DL RN S BOE M A R, AL EN T O R R B, i N TR s, tHEALEBIS
Wi BRI LG . HLAS 2] TRIE A ST R R, S Al ZEBSR TR . MG AL R . 35 A3 . K I A2
BRI IRIT T REGURINAG T R E R S5 N A4].

JLFE 2010 FERLKR, TR ZFET N TR EERR AT W TRS], BT g g m)
B MR IRYT . RT3 BT AR e e R, AR S LR A
(40 InterPro. AlphaFold). %% (5 B0 Al 3 R 2R 1A (U GeneSpring) g b 3 R 20 s . Ft]
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Figure 2. Research applications of artificial intelligence in the field of medical immunology
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DL TS W R B AR bR S R I o TR R T 2 IR AL o At xR B AR, T DL SR v it
PRELAR AR AT 0 2, B 1 R Rk R R 2 W 4 B8] PathAl N N TR REIw B TR, w0 #T
BHFAIVEFEAREIE, HALO Al FIREREEE 2], MRAEA MR BN A5 R A AN 2R, A B 12
b7 5 kg8 ™ R R B PEA% 5] F) DeepMind Health’s Al diagnostic. Arterys Lung Al Al PredictHealth Al tools
LTHRAMER T REHIEREH M =T EE S, HTRZHSEGRG] . RN e bs £, 4
B 595 AR R B e S B ME S 12 T [5]. B ImmuneML. ImmuneDB Al ImmuCell Al 25 4 %5 12 i 15 T H.
BB Mk D] 2 15 504 B Tt LT P S e 4R M R 2R, DA S A AN LR B 4IRS AN T 20 i 52 A 1 45
P o5, A 0N 38 I S 925 S 5 R 2[5 [9]. CytoReason. BenevolentAl 1 Ardigen ARDesign £ T HAK
FEMLAS 2 ST H AR DT R AE B AR S, RSB T T G2 AR 08 BIG 7 #E S RAE bR &S, I TR
i ik R 5087 S )R B [5]
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Al ARG 4T BB IR B ROIRSHEIRRFAE, AT LT £ 3 6 52 2659 (dn e 2 31551
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ANLREREFG, WTHT UM BB 7t 2B A B A S IR, Semf AR, $R 3 IRAL
AR TR [5] [10]. EZBIEF, Al R0 SETE 18 mUR UL S0 10 11, a0 Atomwise
A DeepVariant I FHRE 2 ST HOR, 83 FUGHT 2540 S P F IR0 s 8 AR AR S o, BEAT 250 16 S T A
[5]. FH AlphaFold A1 DeepTCR 5% TH BEAT R Fil A 11 o7 22 (B 45 440, M Ao 22k DR A 550l SR L T 4 32
& CDR3 FP41 & V. D+ J Z:RFHI EA B CHIE R, Tl T 4052 A8 AR 4H[5], fbhicit BA % E
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TE R S B va 7 Atk AL B T TN G0 2 A 2 A4 A 9T 2. B ImmuneML. ImmuneDB F
ImmuCell Al 25 G2 1238 THE T 28T T 4002 AR S5 M AE, SR F0ND7 20 A bn E4[5] . F INeo-
Epp T H AT TIN5 22 b firb 8 A 5% (18T P B RN G2 R 1 L R AR £ (5], F TCRGP. DeepTCR Fll TCRex %
THEE G WSFEW T 402 kB, e B M e B T AL [11]. (e i R, Al
-6 B TR AR BT R R AT, I H PR F Vaxiden, XGBoost Al GutBug %5 T = Tz
R T RN 23 M P B A P A R O O 4 TR B A 1 [12] [13]. ] Vaxiden Al XGBoost %% T H. & 3t T 7 12
Tt (Gradient Boosting) HE 42 ) s 250 W4 J& BMLAS 2% 2 SR, T8 WLt X I B 7 B (1 R i i , GutBug
T H R T AT A v Re i an s AR ae, R R E e A S W5y T A BAE R ALHI[12]. Vaxign T
LR T TR0 IR S B TR B S0 SR AR PR 1, IVAX T L DU E 2 1 W vl 0 R R T
S MUE R T A RAL[5].

4. NELEMRBIBF LB ESEH

Al FEBR S F U T2 B, AR RIS BB A AR L T E M EM 5.
PP ORI SEA TS FEIE, DL SARS-CoV-2 i 8 ll 98 8 (A (1) 52 1 45 & 45 #4318 (S1-RBDY A oIl A
AN EREE N ZH . S1-RBD JPHIZREL. = e T, BIMge e P vt o S S MEASTHOL DY Al S5 1) H 28 B 5
AR . FEVHR PRI 20, /B 58 S1-RBD @AM FFHIFEG VR T/IB 4Uu N & i, 24k 5%
PR AL TN 5 BT s AE PR S SUE IS, 2% AR 58 Uk 16 928 T FR) G2 SR M A DL VT A

4.1. S1-RBD REBEFFIFREL

BT GenBank ##f % (https://www.ncbi.nlm.nih.gov/nuccore)#5: 2 SARS-CoV-2 Jii &, FREUIE K 2H1d %
N S1-RBD Z:R F A AR F4); s AR EHEE UniProtkB (https://www.uniprot.org/uniprotkb/),
K2 “Spike glycoprotein SARS-CoV-2” a4t \ PODTC2, /%] SARS-CoV-2 (IR E (175, R
HERAIEER, € S1-RBD XU F VR FE IR A: 319-541)%) 223 M HEIR, IR AR T4
T4 SWISS-MODEL il 2 (A i =4k 45 #4) (https://swissmodel.expasy.orq) . 1435224 A=W EHES R 5 75
SrRTEIEEARE YT, PRARER B S M S w o TR I E AR

42, RN SHE R

VaxiJen J&—/NE TR0 22 @ PR TG FR 7 41 xRV RT B 42 T 2 3 e S 4 i TR, 3K 73 S1-RBD
FIERRFE IR AT B FIF- & Vaxiden v2.0 (http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html),
TES K E T, IR PR VENR E AR RS AT IR - KRG 2 IR Bl — AP R M 20 0GB 5 ERIA BRI 0.4),
AR b BEAIF HAE o2 BB A (K098 17 . Bl 155 1EDB Hh (K22 A7 T3l T H (http://tools.iedb.org/), il S1-
RBD /74 fedh& MHC 701 % T/B 4HM0 R A IV fE IR B, WD R R I 1 e 1, AR I 1
G N I HE ARG 7R
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Figure 3. Advantages and challenges of artificial intelligence in medical immunology education.
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& 7 UM I MEL, A EARN e M sl e e 7 AL 1 AR NP B A IR AR MR IR, AR
AHENNE BRI WL, “ =GR D9 S fURIULSCR, ATHE IR A A e S W HERE L R A
REANVAIEBE 77[20], JUHXT WA Se R A BEsRBE K4 >, 22 I IR B 2, IR LS A B VR B30
[« ZHEREAONAR” SRt i W, B B B RR A2 2] [21] . XM TR AR TG B e e i R A
FRRARTTIR, IRZIBRAR T G B 1) 25 (8] B A5 A o

5.2. MEWLEFE I EIE

BT A BEENET G, RPN A ERRRRES . REAAKCT RIS s S A2 5] XA, ATH
FERIRA R | SRAS AR ST WA MBRAR[18]. R GUEIE W 22 A L S A ELE AT, B REHES
AEAIZESIRORE . SR 51BABLEREE, SRALAL RS2 ST T RN B, 2R DLE SR AT ], %
By “MBET W T ARE AR #R.

53 #AFEESS5ESRMM

Al BE THIIN TR TR AAZ B, @S Al FEEUEM B FRES), LRI
IR G R, WA RRRAN ) LR By, 4R DGBRIF B AN S S, D& EY IS
G52 S R ME[18]. B & TR B [22] [23], A 54%~90%22E 0N Al T B 3858 1 iR 5 5
R RT T N, FBCEE R ARG ). SERBCEEEUEEL, AL EErE g R R
R R AV E R (P < 0.01) 23] Sy S 04R(P < 0.01) [24], A B T8 3% E 2 51 SRR m AR Al

5.4. FFEEEEEITA S LR R 5

AR IS BRERAAREIPIE, PO IEY, Aot e EER R h e, et
AP REVEVEAN, SRR RIS AR IR AR . SR A TR I [22]-[24], 91%2E 0N Al T HAEw
SEOEENF . TR B, B R BEAT B Btk B SR EAN H R, STt TR AR AE S AL
MG HE AT T I, B B S R R O S F AR AR ASEEL

55 # RAAEMESFERESF

FIF Al BB A R EBCHT I RT TR, R AR ARET . {58) ChatGPT. DeepSeek. Kimi. &
AERANESHMNAZH . BRI #E. SIESIEE, SRR B F Rt it g, fe4ts
AT e F N, R AEAWIRZE T A EOR T K [18]. &M A& /- L WI[22] [23], 91%%
Al TR ST RES IS AL R A B BORE K OSCHR B AT 238, 84% AR A i I Al T B B R S A VR
SCHRA B TR 5 AR [23] . S G EE, Al B B B IR e A A B A
A3 HTEE I (P < 0.01) [24]. MtAk, Al HAR T RABIRL K IHAT R F RS R AR RN EZE TH, W
AR PEIRTT « R SBESRIRIZ WS SUS M RI ¥ 58 AR T e e A R R IR S IR R e
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BARN LRI S F I RCR . OB F AR AR A ERE ), (ERfAE —SFEERSEE
FfR e R (L1 3).

6.1 EFEREFS AIMETE

JUE AL BRI FERTE, EERZAGUR) 2N, BRI REHE Al BORTE R 22 Yo e 2 U8 4
TN o TAREIRIF A AL BT T ARG HRRIE, 70 W RS iR AR A BT AN ), Hax e Al TR AL
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FRGW RKELENESE, WM MNMEE . T8 SR m i S KR AR, BAEEDA
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BT ERIR R Al RGHIRAIR, MBSk L5 B2, WA B AR, S R AT L 4 3
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BRI, BRI, SREZREMEEEREE . S0 RO AR, DA Al 151 5 G 0 S 20 B0 v R %
BB AL
7. 8518
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REANSEIRPAEE . 1R AE N X B4R R AE TS 5, KUV BTl S5 S Bt R AN R AN
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