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‘[lie A, B, ansob H blood grou�m antigemis am-u- l)mes-

emit- msout andy o:i fist- led tells, a� them nsansue us-ould

suggest, but also outs (lie o--hl sut-la(-es cmi nssamiy epi-

thelial amid a�)�mamo-nstly 0)1 all ems(bomthsobual tells. _-\-s-

sociated wit Is somlubbe msiuno-ol)(ml\-sao-o-hamiuIe� they

almhmean ins tho nsiulo-omuls secmetuo)nss thinousghout the

bontv , amid, ins water-soluble io)rmus-, ins flit- sec-re-

ti(mnss O)i flue- jmamso-rtas anti ins the sweat . Of all these

sumbst ansces, onsh� t lie nssuicoj omlvsao-o-huaride pro-

dulcet! b� the mssulouls-seuntimsg almhmamatus and the

glycolipiols ist)la(t(l Inomnus the H BC’ t-msv(-l(mhme have

l)tPIi pnoheol imsto and hmaltially ulmsmavehled in

o-hsemssio-ah tennsss thmough the t-usoleavons cmi Kabat

( 1956), Mongams ( h 964), Watkinss (1964) and others.

The nature (ml thie othseu- nusacro)nsuu)lecules still re-

muuains to be elucidated. So far, it would seetus 1)rob-

able that we an-c oleahing with st-venal different

species of nsoleu-uslc-s ioterstiu-al o)I51V with mespect- to

relatively snssalh sitle-chains that are mesponsible

for them sero)bogiual identity. Thuls, it has been

delisolsstrate(1 that the tu’luo-Us-I)OmIie and the

erythrocyt-e amutigemss, respectively , are carried by

differing nsacnomusolecules which , homweven-, give a

reaction of identity ons ams Ouclsterbonv plate cnn-

�)boyinsg an ant isemuns obtained by imssnuuumsization

us-ith red cells (Watkinss, Koscielak and Morgan,

1962). It is fair, then, to point oust that this pres-

enfatiomns deals with antigens rather f-han with

whole sumbstamses. Sinnilarly, f-hue schense devised

Ion the geneti(-ally cont-nolled biochennical Se-

quelioes giving rise to the h)lood group substances

A, B and H and Lewis ProPu)seul h)y \Vatkins

(1959) amid (‘eppehhimsi (1959) apply to the soluble

uisucoids and largely by inferemio-e to the erythro-

cv( it- sulbstanso-e.

This mrescmstations emuo-ommssh)asseshsumsian enss-

bryos and fetunse� f ions 5-60 mssns clown-runup

lengths. The smnallest slmeo-itisens are 5, 7 amid 8 nsuss,

resimeo-tively, and m-ehmrcsclst the stage of 32-35

days o)vulatiu)n age (Szuslnssan, to be pusblished);

the hargem specinusenss (Szulmars, 1964) misark the
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ensd of the first tminusestem cml intmauntemin(- life (10-

weeks ovulations ag-)

METIIOtJS

The i mnsumuaflumanescemsce I eclmmm iqume demisanids

fresh specimssenus, rsspi(hly frozemm amid cumt at. 4 �t ins

the cryostat (Szulnuuani, 1960). It gemserally requmires
extremely canefuml hamudhimug, especially oil the

smaller specinuemis which usene cut serially, with

varyimmg degrees oil success. The neagensts were
hypeninsmumnue sena ombtaimued from hmumams vomlums-

teens, immummuized with A, B (Szunlmamm, 1960) amid
II (Szumlmamu, 1962) specific substances. Whereas it

is a simple nssatfer to) immulmsize atm 0 or a B groump

persons its order tom oubtaims ant amuti-A seruum, anud

equally simple to produuce ams anti-B reagenst,

special circtumst-amsces were requuined to prumdunce a

hypenimmuumue amsti-H serusm, simsce all hummamss

possess the II anufigens, save for a few exceptionial

immdividuals mainuly to be founsd ins Bombay. One

of such “Bombay ‘ ‘ persomus was accordingly im-

munmiized, amid the serunns was umsed in parallel with

the anuti-A amsd ammt-i-B reagemsts. All sera had titers

of at least 1000 as tested with 2% erythrocyte sus-

pemusiomms. All three were eomujugated with fluo-

resceimme or used ummuconsjungated with a master con-

jungate such as horse ammti-hiumamm ghobumhims. 1mm ad-

ditiomm, rabbit anuti-A amud chickens amiti-Il sera were
available. It cams be stated at omuce that mmo dis-

crepanscy us-as obtainsed us umsimug these vutniomus

reagensts; fan example, hunmams amsti-A amsd rabbit

ammti-A sera gave the same nesuilts whether used as
commujugates our as simple sera to be emplomyed ins a

“samsdwich” method.
Comutrols (Szu,lmams, 1960; 1962) comssisted of a

battery of expenimeists desigused to give inhibitions

of stainsimig by (a) absorptiois of a serusm or a coins-

j umgate with the honsologouns grounp erythrocyt-es,

(b) ahsorptions withi secretor saliva or punnified

groamp substance of hunmami or ansimal origins, (c)

pretreatmenut of the tissue sectioms with miomucommjuu-

gated ammtiscruns of huunmams or amsimal omnigims of
appropriate specificity, for example, humans or

rabbit amsti-A serumm fouhituwed by huumams amsti-A

conj ugate.

Ins additiomi, iso cross-reactions were observed

between the amsti-A or ammt-i-B sera and msoms-A or
muons-B tissumes, respectively; thus, nsa staimuimsg was



FIG. 1. Cross-sections of a hoop of snsahl initestine from an ensbnyo 24 nsm, Group A, stained s�-it1s rabbit
amsti-A seruns 10)110w-ed h�my goat anti-rabbit- comsjumgate. Observe the i)night sfaimsing of the pnimusifive muueosa

anud the rich vaseinlanity of the nsesemsteny, visumahized by vinlume of specific endothsehiah staimsing.
FnG. 2. Cross-sect ions oil snuall infest inue from an embryos 40 nsns, Uromuup B, staimsed withi the Bombay

(unit i-H) camsj uugate; sinuilan sI aimsimig abtaimsed with an amst i-B comuj ugate. Observe thue disappearance of
flue epithelial antigen; the nsuumcuss-barnse unit igen is beimsg prtmultnced by scat t crc-ti gomblet cells amid comats
thue lunnseus with a thuins haven.

ABH ANTIGENS IN HUMAN EMBRYONAL I)EVELOPMENT 753

elicited wit hi ansI i -A meagenut s mi B amid 0 groump
t issunes. :snuul sinsilarlv, muomnue usit h amut i-B rensgenut s

ins A amuol () tissunes.

Thue case oil the ‘‘Bounsshntv’’ anuti-Il reagenut is

sonue�vhsai musomm-einuvoulved sinmee t hue msstueuns-1�mmmue our

enythunmmo-vt ic II amut igemu seeniss inuvaniably asso�ci-

ated wit hi the AB() grommnp specificity; it is ouver-

shuadouwed b� I hue A amid 13 anut igenus, aceandimug tom

t lie doisage ml t hse tat ten. i�huoms, ins t hue absenuee oil

h)Oit Ii A :tmuol13. thuat is in a grouuup () persoumu, tise II

amul igemu 0-anuses tom lmmhl expressio)ni amid is aeeomruhimugly

assoici:steol withs phienmomtype (). mu graump A� the 11

unit igemu is pant iahly, amid mu gn-oumup A1 nuom-e lumlly

avemshuaolooweul liv thue A unit igemu - Ins AB inudividunals

lie avenshuado mwi mug oil thue 11 ams t igemu becomes more

eansplo-t e. bout evenu t lucre it renuaimus detectable.

It 10)110mw-s t huat t hue nuourphmomlagic pat ten-mis oil Ihue

nsumcuus-hiomnmuo-ABI I unit igemms are vint umahhy idemut ic-al

ammo! t hat mu t hem- devehopnuuemul al history them-c is a

close h)arallel i mu space anuol t inue; (Szunhnsiamu, 1962)

mu fact , as will he seemu presenut ly, t lie parallel ohm-

taimus alsom lout thse enuolomthuelimmnu amid the epithselimmmsu

as well.

RESULTS ANt) u)msCUssnoN

The ABH antigenss am-c michly sepn-esented ins thue

snsallest enssbryos available, 5-8 muss, that is frouss

the 5th week altem lemtilizatiomms (Szulmsuams, to) hue

publisiseol) . ‘h’huey ant- f(mumsd tin flue- cell mist-mis-

branues o-mi flue emsolothuo-hitsnss thumougluoamt flue o-anduo)-

vase-ulan svslemus ams(l Outs flue (ull nssenusbn-amses oil flue

eh)ifhut-hiunnss oil tluo- imsto-gumssemst , the (lige-sI iv- tunhmo-

(Fig. I ) , fist- nsso-sonselmhunic amid (laten-) Mulilo-niani

(lu(-ts, ins shsomi , ins all o-l)ithu(-luah -hensso-msls �vithu flit-

eXOI0I)titmts oil thuose 0)1 fIst- oemstn-al usen-voals s�stomus,

adnu-nuals amsol livo-m-. �Fhso omvthumou-vto-s, fit-st o-mm-

((iultlttto(I ins flue hv(-n- ins thuis Stul(Iy tit 1 5 issmss ano

(ts(b(i\V00l wit Is t hut- unit ig-mss whit-lu , of o-ousnse , I it-n-

-qst tismouughsomumt life ; the samssu alih)hies to ttudomt hut’-

hal amutigenss.

‘Flue thuuthu(-hial amst igonis am-c at flit-in nsuaxinssah

(list n-ihult ioms at- :35 usimsu, alt un whuk-hs I misc flue-v hut--

gin tom waist-. This thue\- (lum ins a memssamkable mssams-

msem (Szushmssams, 1964) sumue-e tlueim disal)lmo-amamso-e

oo)umuo-ido-s��if Is m-eo-omgmsuzabho- steps (ml nssom-�mhuouhogio-

acivanse-emiso-nut anuol omite-ms with ans asoent aimsahulo-

tokems oul luno-t ions, lam examsshmle, secretions 0)1 musucuns

imu flue gastmoinstestimsah trIlif (Fig. 2); tmappimsg oil

m-adioacfive iodine by the thyroid, which has jusst

begun to lornus recognizable ac-mi in tise hsitherto

solid epithelial -resceust; proclusct ion of grow-thu

hornsone by the pituitary, etc. Only the stratified
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epithelia of the integuussenst, esophagus and low-er

uninu.anv tract (imuclusding the simusple epifhelium of

thse renual o-olhecting tusbuuhes) show- flue luensistence

of the antigens insto amid thsrouugiuoult extm-autenine

life. As enniuhiasized befame, thuo- eisdot-hu-hial anti-

geuss are also pernsanent.

‘[hue nsucuss-seeretinsg a�)parat uts l)eginss to lunc-

tiomi at 35-40 mssnus, i.e., about 9-weeks ovulation

age. The l)nimsuitive salivamy gland conds acquire

lunusens iii us-hit-h theme am-c blebs sal seo-m-etion rich

in amutigeni. Siussilarly, the pylo)mus and the snsall

inutestirme begins to) secrete the ansfigens, with other

segnusents of smssall and large bow-el (-onssing of age

at- fixed intervals. These antigens are to be pro-

duced perunanently once their secretion is estab-

lished. In nonsecretors (a problens still to be nssore

thoroughly investigated for intnautenimie life) the

salivary glands produsee iso ABH anst-igens while

small amounts are secreted by the gastrointestinal

tract. Ins larger fetuses, say frouss the latter half of

pregnancy, the produmction of the antigens in the

deeper parts of the gastrontest-inal nsucosa can be

show-n (Szuhnnan, 1962). Also, the production of

other us-at-er-soluble ABH group substances in the

lancreas and in the sw-eat go on independently of
f-lie secretor status (Szuhman, 1960).

As can be seen fronn the foregoing, any specula-

tion as to the biological significance of the so-

called blood group substances nsust take into ac-

count their chensical diversity . The nsuicoids, the

glycobi�)ids of the erythrocytic envelopes, consti-

tute two established species; the nature of the

pancreatic secretion-borne substance has not been

investigated, nor has the substance of the endo-

thelial or the el)ithehal cell-wall been tackled. The

last one pronsises to be especially interesting for

the wide distu-ibution of the amutigens in nsinute

embryos and fetuses, and their oudemly disap-

pearance when certain ussorphologiu-al stations are

reached nnust- needs have a meansing. Yet-, it is also

true that the ABH antigens per se u-annsot be es-

sential in originating or continuing essemstial proc-

esses, for their absence, partial or total (as in

“Bomusbay” l)erson� devoid of all three: A, B and

H) sec-isis to he withoumt significance (Szulussan,

1964).Perhaps, they are rather to l)e regarded as

the iussnssunimlogicalhy ascem-tainsable repmesemstatives

of parent nssa-monusolectules that detem-nusimse (wholly

or ins l)aut-) the at-five profile of the epithsehial tell

surface and thus participate in cell nssovenssemsf anti

in nssuntual cell recognitions oh)erative ims emisl)myo-

logic l)locesses. The antigenss may thuis he theuss-

selves only insnsocent bystanders thnown iusto

noton-iety by f-he eUtioUs �)ropeuty of Mans to nsake

antibodies against themis, and may, in fact, owe

their biologic signsificanee, notably ins tramsslussion

and in ABO ineonih)atihle �)uegnan(-ies, to that-

circumssstanc-e.
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