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INTRODUCTION

Histocompatibility in human trans-

plantation is msinly relaled to the basis

lor th6 selection of compatible donors

In ths ABO and histocompatibility

antigens (HLA) (t-3). Both anrigens

aro lound on lymphocyles, grenulocytes

and plstelets, 8nd, widesproad in tissues

(+-O). ffr" rojections ol skin gratt

aod kidney transplantsiion are associa-

tsd -with HLA inconpatibitiry (7-1g).

HLA system is revcaled to be lhe

genetic markers of certain dis€as€s

(l o-ze). rhe present communtcation

deals dith a review ol background,

g€n€Uc, histocompatibility, testing ano

6pplications ol HLA system.

BACKGROUND

Thr first of histocompatibility

gyst€m was detected in mice by Madawar,
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8nd caled H-? eyslem, The histo€omp-

atibility systsms ina olhcr specias, i.e.,

H-1 (Ag. B) In rat. B in chicken.

Ch-L-A in chimpanzee .and DL-A in

canins w6fe subs€qu€ntly documented

(go-gg). fhe first HLA antigan laukocyt.e

was ideniificd by Dauss€t, calted "Mac"

antigen (34), and now generally known

as HLA-42. HLA antigans were furthor

,reported by many inv$tigslors, i.e.,

van Rood. j :! (ol +b oj sf oi of es),

shulmanJ rt 8!: (Pl Gr ty Bl, pt Gl Ly ct)

and Payne, g d. (LA-1, LA-2, LA-3)
(ss-gz). Human 

\histocompatibitity 
sysrem

was call€d LA by Payne, Du by Amos,

Hu-l by Daussot, FOUR by van Rood, and

HL-A by the world Hsslth Organization

(Wf-fO). et presont, HL-A system, tha

msior histocompstibillty sy8t6m, is
tecommcndsd as HLA system, attar
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the Sixth Workshop ot WHO and

tha International Union ol lmmrnological

€ocieti6s in Arlhus i! July, l9?5(38)

CHARACTERTZA'I ION OF HLA ANTIGENS

HLA sntlgens have becn solubilized

Sy sxposuro to low intensity sound'

bi proteolytlc ' digestion, by otganic

solvcnt or . detergent oxtractlon and

simDls salt (gg, ar-lz). Tlansplsntation

antigens ata glycoplotcin and composed

of two polypeptide chains' HLA slloan'

tigonic delerminanl is tssponsibb lot

the protein portion at thc chsin ol

31,000 M.W. Anothct chrin ol 11t800

4.W. is similat ot idcntical to B-2

macrogtobulin, Carbohydrete possibly

plays a rolc in ths dctetminrtlon ot

somc HLA spsciftclty ,evGnthough sialic

€cid ls not a3sentill tol HLA alloan-

tigcnic aclivily (rg-o?).

€FNETIC oF HLA

Underlt|ndhe ol e mrior hlslocom-

artlblllty rdlgan iE rsslizin€ its grc.t

€ompl.xity {yhlch |3 composgd of th.

.orirp ol nany otqriCly lt*rC gqne8.

V. ol. lO N- ?

The eco.tic loci h8yo bosn assignad

to th6 autosomal chromosome Cd by

sornatic cell hybridizatlon pring IPO-B

mark.r (53), and by lrmily studies

(s+) wtrictr they showed linkage b€lw.on

HLA snd phosphoglucomutas" (poug)

on ths basis ol det.crion of +LA

componanls ata niirw coocotnad lo

serololical dslin d (St)) rnd lytttphocyte

aetlnco (LD). Tha sD so.ciflcillo! ol

the HLA system mainly b.sed on the

lymphocytotoxicity le6ting to be assl$tod

to two ssparaled loci (fksr ot LA,

second or FOUR), Th. LA and FOUR

are curonlly called A and B loci'

respeclivsly (Sa). a.J (C) locus . can

be considered t6 be tho third locu8,

LD locus to bc r€sponsiblo for MLC

is. rocognized to b€ lhc tou*n (D)

tocus. Certainly, LD .ntlgaD6 hav. high

linkagc disequilibriuD ( A) aegoclrtloA

with HLA-87 or HLA.BI ol SD drts-

minrnta (os). E ch locur ol LA rrd

FOUR can b. ropresentcd by more

lhan 20 dilllr.nt anilgrns (faUf r)'
The Inhsrltancc of tho LA and FOUR

antigons trammlltod by thc sams

parEnld chroflioFomc ls callad, thc

hplotypc. A dof iyios a, hdolyPe



comblnation ls the result ot crossing-

over at mitosis which the lteqlrency

is determin€d around 0.467/ (s6).

GENETIC ANALYSIS

lf there are lspecificities In the LA ser-.

ies and k in the FOUR series, th6 numbers ol

haplotypes, genotypes, and phenotypes, are

[, ].|5 ( k* r ) ana It* i( r-r ).(r-z)]

[-l + +(r-r) tt-z)] respectivety.

A constanl gene freiuencies rn

lhe .population are maintained followeci

lo the Hardy-Weinberg law, th€

lrequency o, the .gene (p) . of ari

.antigenic spociticity is give0 by: p

-f-V1-f, whsre t is the trequency

of .the positive 
,individuals. On thb

other .hand, the calculation ol p is

determined by .the .method o, maximum

liketihood (sr). Estimated . hapiotype.

ltequencies (xii.) (oe) can be expresseo

trom populaiion phenotype frqquencies

in the form : .Xii - Dij + pipi, where

pi aod Pj aro tho allole frequenciee

and Dij is the gametic aGsociations

(tho linkage disequilibrium parameter

or,'\-). 9i;. vatue is estimsted by Dii ,

yi
=V;- .^b rr, (".-l

a+ b +b + 4 and the correspondlnd

frequencies are represeritid in tabl6:'

LA Seriee

i1 i-

,. r'tltera n =

FOUR j 1a
Scrios j .- c

v (a)3

'o, v(A)s

The varl,nce ol testimsted 
Dii

can bc approximated by the .torm:

(a + b) {a. * c')

4n3 .

a; liFi

d

wher6 fi and'FJ ars the trequen-

cies ol indlvidual positive to tha

i-th and i-th specilic,tiis respectiv€lv,

Ths standard orror of Xij (z+) h-- /-
given by S :.{ t/ +n; where t = rsta-

tive frequoncy and n: number ol lamili€,

HISTOCOMPATIBILITY TESTINO

An adequale matching ot his,tocom-

patibiliiy antigen betwe6n prospectlve

donors and recipients is necessary fol

successful organ transplantation. Several

methods of d€toction whlch c8n indicate

degrees ot histocompatibility are avail-
:l

able bolh in vitro and in vivo. A

:.: t-
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!ult8bl. n rhod lhdd b. hichly

r€ore4rciblq sl09lt. sRDpftlticrt.d and

l.rs timo-coosumh5.

I. LEUKOAGGLUTINATION

The tirst HLA antigcn is rccrt-

nized by lcukoacglutlnation (31), Tho

lsukocyt. errelnslen ir Frto]md by

using delibrh.tad blcod or colLctinO

blood into cthtlan diaminc tolreacetic

acid (eofd. Red btood celts

tr€ removsd by srdintntation, contritugej

tion, or sadim€ntation by dextran

or polyyhylgyrroliOono (pVp).'Platotets

ars eliminalcd by differ.ntial csn-

kllugalion, Uslng EDTA blood, ths

pH ol btood onC tte conccnkation of

EDIA are crltlcit (59). Thr lqnkocytEs

lre daflbrinrtad blood ls tarely

agglutinaled. Thc viabillty of polyrnor-

phonucle$ cet (PUt) is imrstanr

in lcukoagClutlnrtion. The s€ra prior to

t.sting is Inoctivrted at 5b oC lor

destroying the inhibitor. ln microtechnic

(59). acotic rcid is addsd lo tys€

ted blood .cells in order to prevent

lho intart ranc€ of tho microscopic

re8ding. Rgccntly. thd, crpiltry lcuko-

I vol lo No.g

agglutination (00) is . dcveloped and,

may bo mo.e €tlsctive.

II. LYMPHJCYTOIOXrcINT

- Th€ lymphocytotoricity tosting ie.

dependent upon the pcrmeabillly ot

' ,ymphocyt.s altet Incubation with antibody

and compl€msnt. The lymphocytes

sugpenaion is roprratad by tho PlvlNi

attachh.ht to nylon, 91893, or cotton

(or.oz); ptrrgocytic propsrty ol PMN

ro iron particlos; isoptnic aotution

ot Ficoll-Hyprque, rnd Flcoll.trtoril

(og-zo). Roc.nlly ths sifirplo method.i

for ltmphocytls seplfation is tha.

Flcoll- Htpaqls-Sucrooo tccthlque dFlhod

(zr ). R*un or fiurhlh mixed with

rrbbit c,onpl.m.nt is imdradhloly dC€d,

of after pr.t{rcubction (6e). An pxcars

ant$6dy sh.uld be removcd. hk tc|tor

cygterns tor qraliiatire 8nd/or quantlla-

tive lX phocyt6s dead cdlo aic ussd.

In dilfclrnt ways,

Dye oxclusion mrthod is blaad.

on thc rbillty ol intacl lymphocytss-.

lo exchrdr dyc. 8!Gh ag trypsn btu!,.

rod6-Y .od N.{ro3in whll. dcld cellg,

t:'k€ !p |ft. dfcs. Tht dad ccllE-
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cln 8lsq bs idsntilisd undor Fbase

contrast microscope. andslCr released

mrrba (ss,zz,zs,zs).

lhe s€nsitivity ol tho lymphocy-

totoxicity tesllng is enhancod by using

trozen crlls, synergism ol sublytic

antibody tnd the tymphocytes lreated

by prolaolytic enzymes ruch as trypsin,

piprin and Ficin, chemicals. 2-Amino-

ethyLsblhiouronium bromiCe hydrobronide

(egr), anu cystein (zo-az).

Many factors can allect antigen-

antiblrdy reaction including cornplsmenl

soarce, atiltcrehl ionic strrngth, afitferent

ifl aftinily, 6erum inhibitor, vi.bility aod

purity of lymphocyt€s surpension,

sitlic 8cid covoring ot lntigcnic site

and cqllptement scnsitivily rre impor-

rant (rl}-ss).

III. COMPLEMENT FIXATION

The prcsence of HLA antigen on

platelets was first r€cognized by

Shulman et al. through complemont

lixation lcat which anlig?n was described

as the Pl or ty81(ao). Ths vartanr

mathods wsre devoloped by Nymend

ct .1. (8?), and Svejgaard et at. (ee).

9B

Pletolels rusp3neloi is pr€pttrd by &

dilter€nliel cfitrihrottloo oI blood coll-

ectcd in 'sodium citreta or EDTA

as disodium srlt. lh stbralo clr itiirn,

the plat hts guapc|*rion ootain d could.

b. $torcd at 4oC for 4 to 5 d.ys,

tl O.lt sodidn aztdc ie sdded

lo the platelsts sGpsn'sion and stbredr

at 4oC, tfi6 prdparation h stEble lor

t0 to 12 months. PXitalais complsdeht \

lixation tEst is 4 tiflEs l6as Ernsitive-

than lymphocytotoxic trstihg.

IV. !'D(ED LzuKOCYlE Cr.I-TURE (MLC).

The MLg test is ! mcthod to
dotermine th€ ceryatfrality ol fu|or

and recbl*t. One-way gtimulation

mehod of Brch md Voynow (eg) is.

perfbrmed by lha tre€lm6nt ol th.
stimulatio3 ccll pepa161;6n wlth Mnomycin

C. A lrlsfc el rtinCr$ng and

fespondfrg c!!t' is htiaahd at lsast

lor 72 iours of oultlna, An aBsty is-

linally porformed by coun ng incorpo-

rsted radiorciive thymidin. ttd/ ot

examining the morphology of blstic
transformation under light microacqp'

(so.sr ). rhe MLc tcct ir bcing use'
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{or deleclion ol HLA idbntity, e9p6-

cially in the bone mafrow trlnsplanlatlon,

SOURCE OF ANTISERA 
-

' ' Thg HLA antibodi€s are lound

in mullipatous wom€n' pclytransluEcd

patieris, transp!a,rted petients. volunteot

recipicnt ol skin gralt. or .leukocyto
t

injection anC/ or alloimmunlzed chimpan-

zee, The monosp€cilic antisett is

lound in 1.Q,{ of. multiparous womon

with leukocvte antibody,

Thd identilicetion ol HLA antibody '
is analyzed by 2x2 tabte (Taute 2).1

Table 2. The 2x2 tabb

First'serum
. ':..

a ."D.r

d

' ll b = c i-- .0, the sera ari. identicat

lf b = 0. 6qrum 2 is con.tained within

3erum I' and viee., versa il c! 0

'll thg scta sfrow a signilicant

positive asscciation (ad: lc)0, ir ad/bd

)r t ttrsy may siow ona or mor€

The .. correlation cooltlcients

measured by :(sz,gz),

- (ad - bc)

is

intibodies.'

wherg n= a+ b+ c+d,

APPLICATION OF HLA TYPTNG,-.

' It now appears , thal tho HLA

system is also important in other

lieldg oth€r than in thg orEa of organ

transplantation. ln fact, tho HLA sysJsm

is involvod in Fegnancy, kanstusion

of white blood qglls and , platelets'

association .with diseasesr palernity and

anthropology.

.'
I. TRANSPLANTATION

- Antileukocyte antibodios waq presont

attef . skin grafting., Nevetthel€sg

the obs€rvations that the Furvival times

oI skin grtilt well match Jer.HLA

and ABO were signilicently long€t

than poor ones. The survival iime of

one locus incompatibllity skin gtall

was 13.37 ! a,ez days white the two

loci incompatibity. was 11,51 t 2.31

davs [o(0.001J (92J. Dausset and'I

Horst r6port6d that thg gurvival times



) -In''ay le77

ol HLA ldentical sibting,, idenricat

..nd unrefalod we.e 96, 7l a^d 47t at2
years, rsspbclivety (gg). Tissqe ryping

'is o| clinlcal signilicsncc in kidney

lransplantation when donors and tecipients

hEvs two HLA anrigens ot B GOUR)

.locus in common. At pregont, ttanspl-

antation with cadaverous kidney. is

frsquently ovetomphasizod because oi

' ethical problems in removing kidnoy

,rom livlng donors.

II. TRANSFUSION

, About 2I ol all blood translusion

(94,f, 16s febri16 resction is treguently

.due lo HLA antibodies ol r€clpiontg

.dir€ct aoainst HLA antigens ol granu-

locyte donors and ii causes dogtruction ol

cslls and liberation ol pyrogcns, In

. modern blood tJanslusion thcropy, inlusion

'. ol plaielet concentrat€d to afie€t

'blee.ding in thrombocytoponic patientg

is a comrnon practice. Multiple

lransluslon in lh€sq cascs wllt 6ventu-

ally d€volop multispecilic HLA antibodies.

Finally' HLA typino oi platelets bocomes

necesssry tor selecliog donors lor

, thrombophofssls.

gB.

It. ASSOCTATTON BETWEEN HLA AND

DISEA8ES

. Th6 corrolalion brtuesn lhr

sooclflc HLA antiqene o. phrnotypog

8nd the dev€lopmsnl ol disoos! hrg

be.n invesligated, Msny teports sugg€sled

an association bstweon HLA-Bwl6 and

juvenile diab6t6s. A hlghly slgnlllcant

increaae ot HLA-B8 in luvsnll. dtab.tcs

mEtlttus ahd wl6 in inlu[n-dep8ndrnl

dl€bstics havb been documented (go,96),

HLA-B8 wss also Inctcased ln Grrvc'e

diserse (cg). HLA-827 hrs auong

rssociation wilh .nkylosing spondyliti€

(es). Patet sugg€stod thst HLA-87

associated vrlth brsast cancol but

v{rs not conllrm€d Uy Coraon (tOo).

Incteaegd incidende of HLA-Az, Bl2

and HLA-AI, 88 haplotypee haye

begn shown in leukcmla and HLA-AI,

88 in asthma (rot). fl" moqhsnlsm

oi association bslween HLA and

disoase may bs due to the posslble

lecaptol role ol HLA antigens or ths

moleculat mimicry between HLA sntigons
tand viruses, and/ gt the immunc

responsb (lr) gene ltnked to HLA

complcx. The LD determinEnts havs
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IV ANTHROPOLOGY

HLA antigens may be used In

poFulation gcneilc studles (+o,el,gg,t og,

106r' i.e., ths lr€quonciss ot HLA

anligens of haplotypes varies from one

race lo ariotherr genetic drift and

gcnetlc distancs. HLA-Al and HLA'88

are very common in Caucasians but

Table I R€cooniz€d HLA Antigens

been rsvealed to exhibit a slronCsr

lssociation wllh disoases than SD

dct€rminants (roz). fff-n fvoino pay

also be help In dlagnosis Ql ciltain

dissases such aar in dilferontiating

Rciter's dlsoaso lrom gonococcal

arthritis (1og); in prognosis that

children wlth HLA-A9 seom to bo

more resistant td teukenria (to+); ana

In therapeutlc approach by which

myasthenia gravls' patients with HLA'88

ale the good cAndidates for eorlY

thymeclomy.

are vgry lorv in Orientals, / N"gro"",'

South American todisns iod Australaslan

Aborigine pgpulstlon. HLA-A9 has a

higher |requenciBs in Th8is, tbc . New

Goinoa nativos and in Eskimo6 thrn

in Caucasian. HLA-A3 and BZ waq a

very low incidince in Oriental6. Tha

gametic association of HLA-AI and'

HLA-88 was associrted is Caucasian

and N6groes whils I c6rtain bssociation

was no significant in Thais.

ABSTRACT

An introductory paper ot HLA

antigens is pr6s6nt.d ln the form ol

the method of histocompatibility. tosting,

genetics, its history, ganeral study and

its applicetion in tr8nsplantation, blood

trangtu.sion, and the study ol dlseasos.

One hundled and six Jelerences havg

,been included, and the rocenl nomoncla-

ture is also describcd.

t4 (tirst tocaa) FoUR (second tocus) eJ (ttrird tocus) D locus

HLA-A1

HLA-A2

HLA.B5
, 

HLA-87

HLA.Cwl

HLA!Cw1

HLA.D*I

HLA.Dwe



HLA.A3

'HLA.A9

HLA-A1O

HLA.AI l

HLA.A28

HLA-A29

HLA.Awl9

HtiA-Aw23

HLA-A!r24

HLA-Awz5

HLA:Avr26

HLA-Aw30

HLA-Awsl

HLA.At32

HLA-Aw3a ,

HLA-Awi4

HLA-Aw36

HLA.Aw43

HLA.B8

HLA"B,I2

HLA-BI g

HLA-BI4

HLA'818

HLA'827

HLA-Bw15

HLA-Bwt 6

HLA.Bil7

HLA-Bw2l

HLA-8w22

HLA/-Bwl5

HLA-8w37

'HLA-8W38

. HLA-8w39

HLA.Bw4O

HLA-Bw4l
a

HLA-BwT2

HLA-CwS

HLA-Cw4

HLA-Cw5

HLA.Dr3

HLA-D;+

HLA-Dwo

HLA.DwO

,^got?0r

Ie
rn :'rlJ r2tJ :'lg ,t1u l1n ti8 n1t in E1' )1 ,r,

HL*A antigen t.lt!ll antigen YlolrUU
tA't

tr,nlm4ntl? ! n lnfl uogn,lllllrolgoiN .l

dordsrf,orr,-un rtrjdaudrsor-sr: nn rt fi

1?U:lrO n?Inl?fi R6OUnli .l n,l?fl nBm1,t

nrlrr ltr' r:ii nooorunlrdllildr:-
drnn l nlt [nr$0o t?In,rnIflnHmnfl.]1u

'- - artwr$tloir HL-An cen n ttflntn.l

,,'

^ lr 'l!s:rl$EU? 81l1unlu U 10 t',]U:?l'$n(1t 'r
o 1,to,tnJ 100 11t,t1l{
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