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To our many students, fellows, and colleagues who have made
our careers in immunology a continued time of excitement and joy.
We hope that future generations of immunologists will find

the subject as rewarding as we have.

RREEHI e MR A A Fr b e eedmay Rl A= 7 -
i AR IR HRE BRI 1% - SR EEVIZRAEN -



RANEE

H17%=% 47 : Richard A. Goldsby, Barbara A. Osborne ¥ Thomas J. Kindt »

(LR B 2 LW TE R 247 - SH A A B R A AT T
FLHRFT o G IR At e 1 K P B TSUSZEU”J%ZGU’T”EI’J%T/EE ERIASEED
R BUTERTEAL LA 2 oy BRI R £ o A ] -

i [EZ AmherstE2 e » Hdg AER A BiLbf 75 4 o s E2
AtE o Mt AR 7T ELER R AE Eh RS b B A e R RN T AR IS OB
e MAIEEE R PR & S AR F 0 T 8 By A
AT o o P B R A -

{EH Amhersti RN AR - EH4HARE T EA TR
I 58 L PRI HE R S R R % » Barbara RN HURA BEIRATARZE & -
W B AR BT BT AT ey 2R AR -

TA19974F At » 4 3 (T30 88 S LM AT K B2 R ey s SR
JIRER = Kuby¥i#% B b FH 2 JF A » 2RI =HRATES - thE2EAI%
SEUEEA BRI FE AR EEEEA “Immunology” ¥ 5 It 3RAE S5 $5
VRIS - M RS m e ER - e R ENE  UEFAY
ENFEE T H - (RGN RE T -



U axms s o ER IV R 48 45 e 2 fiE o] R R Y
4 B RNl ST = —TELEK -
B EEE PR > Janis Kuby® T lflfj%‘fé o
Hrhiz “Immunology™ #Y HEEE B —UAYRF b
T\ BB EEE 2 \ BRI E RIS AR « T
WV B R R I B AT RIS
A - FERFRMIE @R RSP CETE
BB fsi=C -

E¥

Fe R M R I E T T E e ke > HL L skAY
PR R R i ABE RIS - NIt
AFERT > FrlREE = TR, g

T’/‘t’.;é\;-

o TUREHEHZHEE R UEYIH M DI &1
P ——

o AR - AAMEBUE T LRSS &R Z e A0 el

EAE W AN ER T B R MR . -

o (MLUERMRIZELRFAERE —RE > hE

BB TEM: R RSP ER -
o (A LUK 0 I% S ERHTRLS

7y o AR g

HEEVE R SSRGS E L AN E l‘l‘ﬂif

SR B A S T

R - A

fE - A EEE T RS BRI

FE B 2 B ) R B BT AR B 52

B« FHEE A ¢

o PRREHURSE X EHAE SR SR R
B MR AT (58 %) -

o BT ERATNEY R AR R SR (T
1285 e ) -

CEVEINEENEES

BRI A EE 2T MR A0 E
» HARENF

Bt AT

fBHREERSHS

A2 MERE(LPS)
(AER)

'

3-9 KIGIEEHRE POVISSAERE(LPS)  LPSRA XM RZ 638 DRIE Y

‘ [Photograph from Gary Gaugler/Visuals Unlimited.]



o NKEHAR 88 S48 P07 i 3 5 76 LA R HoIpy o
T o] g AR AT AT S M 1428 -

o TR A R KIRMHC SRR AT R 2 (5 14
) o

o PO B R 2 1 o LUR B R
A 0[] e R R FE A I HE FR O B (3B 1628) -

o Sl IRES B R S (OB ED 8 - B SHEII{LEE -
TruAe R v B LA AR A (5 1658) -

o A RE T B A T a0 el D ' A (S
4-5-6-16- 178%) -

o QUL RRA MR - B R O 3 SR [ R
R HG | 5% R B RER M TR THERLE MY
R - BE S RR L BE E
B o AIDSHEHY R LIS H] E 08 Ry B A
BTN 2 o] o (o T R A B I S 1R
) -

o  FriSARSHIFM - BLFEITE(Y B S FHS ARSI {o]
E] i = A 18811958) -

o AIDST&RSBH MRS ACE205) -

o NHFLZEFB(HPV)EL 75 M - Flaas
Sar TEIRH A o 7 0 B G o o i o i
BHE RS 215 -

BEECEE] - MRS HACHS A RS

FAP] T RREECHORE % - FeMBEit— (B A ER R

AR M H - P S ARk MR AR - s —

R AR E Y - NE R

o DURrEIREEN S M 2 B o AR 165 | Sy
SHBE A (535 -

o N REIETE 2 BLANR RS T B SR E Y 4 T
O FRICEIEEBEE135F) -

o RIS AR © Sr(LELE (LAENE R i
fECH10ELEIEE1138) -

o [iiyd THIHEZMAANE - GIEITHARET Hys
Bilaf THIH 2R ST ADBDRERE LR -

FeE o TP R b b R R
S

o G A T B R T R L e e e
A A (6 #E) -

o Fl| I MBEC- Bl Y S A B i (s S AT
AHRE (5 14EE) -

o G EFRE S B AN AE IE BT M S P 4R S
178 R 5522E8) -

TERSEN 13T % R B I B pli 1 - FeMFEE e
BRI (AT 300 o B i o s A

o FE{HFE RS B R A RE A4 ) -

o HHRBELERTERTHE B EHREEEa) > (7)) -

o FE{FMHCER R 2R {F B A BN ERED) -
“Immunclogy” 575K 7 BLE0 T HAth 0 79 5 R

ST T AR A 55 2 R g

www whirceman com/immunologye

FHTE [EA L R

TR TR R A AR G AR - TS

A o T A A SO 0 (4 i B S 4 4

LR -

o FOTER PR MRS PEIRES: - S LLmERYY T
AR E S ERNUAH  BEAERE
BTSRRI AR AR o S
ZEWAH ZAE BT - BSR4 4G i
i -

o PR ) S e 2 % il O Y SRR R T 3R
B 7+ ik R S 2 A A AR e e o
e - SR G RTIAE A - fF BN
HiE -

Janis Kuby{f “lmmunology” @IS H7ESE B 6
T v TEFETEEE A G [RE MR AT - BB ok
1E ISR ER AL BT s TR - s —
ST GO R o BT+ BT XSk e A (L
A+ S R A P AR PR ) TR bR S e
GEAR o TEE RO EEch SR (iR ¢ i many
W -



@QE REE 16

1

SNBSS HZIERBIE
MR

f & E R

B4 REEREARHEN
il

2
f ECREfESE M8 © SIS
; PR PRONER
jD

PRI PoBEE L/
ZEEAVIER T NEI/E
BB —EEEND

BREBIR BB AR
1D FBREE{LH

AR {FE AV E AR

SERIRST
A #EE

9000 0000000000000 000068

BEFECE”/S

@—— Nosrime

5—1@
E0ERSE

#‘0.0..'..O...0.0.00.‘0000

0000600000066000000000067.060600000060000606060600800

ZiR{ERE

&

EBREERIME
HEAHTRRE

000 000 060600
REBED

)

xi

e @0 — EERHBL
=5



Xii

Web site: www.whfreeman.com/immunology6e
Huh R AR R IR A SN
K& JE » #Clinical Case StudiesZf o 22 4= a[iE @5
FEEHE AR B B AR RS & -

@ * Animations | HEARSMEEIVEHE AL E
BERL S DU R A R e Y B B SR P A -

% * Molecular Visualizations {California
Lutheran Universityf{yDavid Marceyfif#!
F » $EAtOR B 5 1 B AR Ry B 58 %8 3D
TR BN T Sy TAERE BT RERY
R

O * Vocabulary Self-Tests A& {5 £ 4 [a] g1 1
ERRC PR RES -

B Useful Web Sites 5245 ] i 5 B 48099
=BG

AU EJFCD-ROM

KRB EGLETER - GEEPRA
&l | JIPEGELPowerPointf& X (FrA E R Bl HE
F4dvkInstructor's Resource Centerd1Hi{5) « 4] »
CD-ROMZE B a4k AT A RV BIE & -

FeA 7 Al N — L8 E e B A T T R RV E S T LA
R EREEATE B5EE - ELEEOklahoma
Medical Research Foundationf{yJDrs. J. Donald Capra
EilKendra White » Saint Cloud State University[/}
Dr. JoAnn Meerschaert » f£Birmingham(7"]University
of Alabama 7 Dr. Jiri Mestecky » NIH NIAIDf"Dr.
Jonathan Yewdell - Emory Universityf{yDr. James
Kindt » Brown University[{)Dr. Johnna Wesley » NIH
NIAIDHYDr. Eric Long%¥ « {45 S i (%19 H I
RERZ i SE UK P YR A AVEE LT - ]
A B S R B 5 A

¥)/ASaint Cloud State UniversityfJDr. JoAnn
Meerschaerthg ({8 17 H b5 R E L 2 Kansas State
University[1Dr. Stephen K. Chapesfi#d " #3555
My —Md - IR ER Y B -

TePURHLA T HIR I A B 1ES AR A R
HREASTEE SRR - ML S R A B
£

Ruth D. Allen, Indiana University-Purdue University
Indianapolis

Avery August, The Pennsylvania State University

Pamela J. Baker, Bates College

Kenneth J. Balazovich, University of Michigan

Cynthia L. Baldwin, University of Massachusetts Amherst

Scott R. Barnum, University of Alabama, Birmingham

Stephen H. Benedict, University of Kansas

Earl F. Bloch, College of Medicine Howard University

Lisa Borghesi, University of Pittsburgh

Laurent Brossay, Brown University

Jane Bruner, California State University, Stanislaus

James W. Campbell, Rice University

Stephen Keith Chapes, Kansas State University

Koteswara R. Chintalacharuvu, UCLA

Jeffery R. Dawson, Duke University, Scohool of Medicine

Janet M. Decker, University of Arizona

Michale Edidin, The Johns Hopkins University

Sherry D. Fleming, Kansas State University

Scott C. Garman, University of Massachusetts Amherst

Elizabeth Godrick, Boston University

Sandra O. Gollnick, Roswell Park Cancer Institute

Hans W. Heidner, The University of Texas at San Antonio

Vincent W. Hollis, Jr., Howard University

Sandra O. Gollnick, Roswell Park Cancer Institute

Hans W. Heidner, The University of Texas at San Antonio

Vincent W. Hollis, Jr., Howard University

W. Martin Kast, University of Southern California

Dennis J. Kitz, Southern Illinois University, Edwardsville

Katherine L. Knight, Loyola University

Paul M. Knopf, Brown University

Kay K. Lee-Fruman, California State University, Long Beach

Alan D. Levine, Case Western Reserve University

Judith Manning, University of Wisconsin School of
Medicine

James A. Marsh, Cornell university College of Veterinary
Medicine

John Martinko, Southern Illinois University Carbondale

Andrea M. Mastro, The Pennsylvania State University

Jennifer M. Mataraza, Boston College

Dennis W. McGee, Binghamton University

JoAnn Meerschaert, Saint Cloud State University

Jiri Mestecky, University of Alabama, Birmingham

Michael F. Minnick, University of Montana

Thomas W. Molitor, University of Minnesota, College of



Veterinary Medicine
David M. Mosser, University of Maryland
Rita B. Moyes, Texas A&M University
Philip C. Nelson, University of Pennsylvania
Alma Moon Novotny, Rice University
Kim O'Neill, Brigham Young University
Luke O'Neill, Trinity College, Dublin, Ireland
Leonard D. Pearson, Colorado State University
Christopher A. Pennel, University of Minnesota
Wendy E. Raymond, Williams College
Robert C. Rickert, University of California, San Diego
Kenneth H. Roux, Florida State University
Abhineet Sheoran, Tufts Cummings School of Veterinary
Medicine
Michail Sitkovsky, Northeastern University
Robert C. Sizemore, Alcorn State University
Gary Splitter, University of Wisconsin, Madison

R = xiii

Douglas A. Steeber, University of Wisconsin, Milwaukee

Lisa Steiner, Massachusetts Institute of Technology

Jeffrey L. Stott, University of California, Davis School of
Veterinary Medicine

Denise G. Wingett, Boise State University

Jon Yewdell, NIH-NIAID

Kirk ZiegLer, Emory University School of Medicine

FAZERH W.H Freeman ) 5] JFH BA K5
R A #EME » H EKate Ahr, Georgia Lee Hadler,
Karen Taschek, Vicki Tomaselli, Paul Rohloff, Susan
Timmins, Ted Szczepanski, Hannah Thonet, and Nick
Tymoczko - R F AT 25 4R #EMorgan Ryan » i
BN SR R 2 A A AR
B TIEARLASER -



= TR A S |
= R AR 23
== S RMERE 52
%  BHIRREATMMRRENES
ZFIME NN 76
FHhE RZIRERERNEHE LRI 111
FEARE MEMBERRE(ER R fER 145
£tE WAL 168
ENE FTEABERUEAYERR2IE 189
ENE THMES 8 223
FTE THIRRAEL ~ JE(LE DML 245
FT—E BAHREAE AL ~ JE/LEE Db 271
FE=ED RIEEREE
- ¥ M= 302
Ft+=% HMmIRE LT 327
Pt AR ARSI R e 351
F+hHE BER fE 371
FE D BREEBHEEENRERG
F+AE M B8RS 401
F+tE BraREE 425
F+NE AR G5 2 e 447
FTNE ] 475
F_ 1= BRETRZ FEREE R E MBS HRT R 493
FT—E BEEARERLS 525
F_TE ERES 546
fifgf1 - C D HiJF A-1
BBEL T - 4IRS A-22
il e AN-1
% 5] 1-1



F—8 RERAHL

2R SR #RE

R e 2 I L A DY cvds

78 (Vaccination) 2 — T8 1 4 R Y 2 BRI B
BRI ERARAR L R Y R HAMR 7T
HEERAYHRE

RIS

FRMERBEFE %

bt 41 A A2 8 G SRR A ) 57

A FIRE R RED

FoR % B AE 1 o sa H EME G R R R E

M RERBEE 1

WE AR R 2 R AMH S 1F
TR IR A R TR R 2 22 B 1F A

BRI LA A S [ FE R IR AN Rl I R FE (F A
BR Tith EAHARAITUR 2
TEHEBERS FRIEMMES
MEARER R ERFRE SRS

GREINRERRREMER

HER  -BS R S R B E R AL R
F8 RERMAMRESRE

&M 1EA
R R I

i A
T RS R E
e

# 2 18 52, 4

shEM

M54 i AT LA

16

16

18

20

23

23

26

26

RIERITAVHERR

Bt EZEK (
PR SR

4iim)

it — i PR s FE A R

THEEK (T AlfE)

B EREHR

FREFRERETT
VR D)

[aaeiiiliid

i

——
BERHNBE

DRHERE

RBMELRE

HE AR B8 —R (L LAoLLE
FZE RRMRE

SIS ERRRE

SR BRIEE N S A2 R OB
BARIE

B MERIMNSLE

M”‘

AEMN T RSERITE T
T VIR B B e R I B 4

EMHRENEOERIERERE

ERHIREZC

FRMRZRHAER K
E A M b A EEFWEHR A
R ER-C-RIEEQRLMERRKE

40

49

52

52

60

6l
62
65

65

66



XVi

Bl R A A B R 66 Bifif 258 101
NKAIIR S kS BRNE— RSB A E RS i
Ao B B IS A A AT B R A5 ERSR 68 N
RIEEE BB E 102
Bz AR & TR B AR B E L T AN S AR A S5 R AR 68
TSGR g ToAAm i
SR e R R i 5
TLRsIMSAAI L B BT RS A 69 Wi AT Lo
) TR R A LR RO B MR IAER 106
SR RENT R 1 [ Sy GO U
— FHE REREOERMEREERIE 11
B o4 BHIRETHERERNES TTTTTTTTTTTommmmmmTTmmTAmmTITI I
HEHAREREOMSEBNARER 11
-- % gl e, R e W A S RS RV R B S AR O R 12
pa g
_ B .?h’_ﬁ_&mﬁﬂ el 76 Dreyer Sl Bennett} tH 2 1t 18 510K 2 — 25 A AU 13
P MR BN 77 TonegawaffJ i A5 IR — R E B R B 13
A B ES AT REDEN T A 77 RENREERNZERZEE 114
DA ES (R B e B 78 A2 ERR R EA RS 114
HE AR e G S A AR A LK 80 & 5 2 BRFIK 115
HBREL 81 WEEAREH 116
BT EATE (L 82 SESADNAKE(TV B HFER 16
B B AKEHE 84 EHDNAKEITV-DJEPHER 17
nMEREER 85 1# R [EDNAE HHE R A0HE S 18
(LBRBE T EE RIS 85 NS 353 B AR (A 18
EHFEREERERR 87 HRE KB EAREE 19
H5) B RIEER 87 g ELE B AT A A AR S S A R 120
GRHEREM NS ERR 87 B R AR R — RS 121
nEgHEAUE 89 NEEZHMMES 122
BRERERESZS 90 KEBHIFEEZRV « DEJER FE& 123
oS & TR B B 92 B HIVI B VDR S A A S AR 123
HERER 93 BB NS AR 123
BRIV AURE (R FR 94 P& 7R IN{E AT SUAE B RO FR 51 I8 R 2 1t 123
R i N7 ANEE R B R A B AR 123
— 5 RRZERIE T EHROEE F B S 125
R R R A RS " SRR E — R R BN A B 127
T BRI (S 95 VAMRERERERSRINHEAR i
o 5 A \ ]
AR A ME 95 15 5E @A KRR FE B a5iR 127
SRMENG (56) = E AR E S R AR 128
B EEHEEAM (IgM) 96 RERERERNERR 129
GRHERA (1gA) 9% E RS T RRMIRNAI 812 130
B ER R -- BB AR A 98 IgMERIgDEY[E A 335 132
TR E (IgE s <
EERERE (1gE) - BEREESH - EAB W 132
SEEEED (IgD) 100
L REIRE QR REF R 133
REREA EORERETF 100
) DNASBHFAIRE N (FH 134
[RiEHY 100
THIE % G (B AR IR BRI 135
[FIfEEA 100
nEEERENEIR 135

fEFEER A 101



