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T HE APPEARANCE of antigens during cell maturation or cell differentia-

tion can be studied by the demonstration of red cell isoantigens during

red cell development. It has been demonstrated that red cell isoantigens are

present on normoblasts of all stages of development, including dividing

forms.1’2 These findings suggested that the appearance of red cell isoaritigens

occurs in an early stage of red cell formation and is independent of the matura-

tion of the cell. On the other hand, the finding of the A and B red cell isoanti-

gens on human epidermal cells3 made it possible to study the fate of isoantigens

during cell dedifferentiation. It was suggested that cultured epithelial cells

gradually lose the A or B isoantigens.4’5

The purpose of this investigation is to study isoantigens of human epidermal

cells and established cell culture lines.

MATERIALS

Epidermal cell �u�pension: Twenty-one split skin specimens and venous blood samples

were obtained from adult cadavers collected less than 6 hours postmortem. The skin speci-

mens were placed in a sterile jar containing 12-15 ml. of isotonic saline solution with

antibiotics (Fungizone#{176} 2 �g./m1. and penicillin-streptomycin 200 units/ml. ). They were

then placed in a Petri dish between sterile gauze squares moistened in isotonic saline con-

taming antibiotics and stored at 4 C. until used. The samples were processed within 3

days of collection. The blood samples were collected in EDTA ( 1 mg/mi. ) and were then

typed within the first 2 hours of aspiration. Individual epidermal cell suspensions were

prepared as described previously.1 In brief, the skin samples were trypsinized with 0.5
per cent trypsin solutionf at 37 C. for 1 hour. After incubation, the dermis was removed

from the epidermis by scraping it free with a rubber scraper. The small sheets of

epidermis were then placed in 1 ml. of isotonic saline. They were broken up further by

scraping and by repeated forceful pipetting with a fine bore capillary pipette. The cells

were washed twice with EDTA-saline� and centrifuged at 600 g. for 2 minutes. After

the second centrifugation, the supernatant was drawn off with a capillary pipette. The

cell button was resuspended in 1 ml. of EDTA-saline and the volume adjusted to contain

approximately 1 million cells per ml.
Established cell culture lines: Cultivation of established cell lines has been previously

described in detail (Brand and Syverton5). Cells used included (1) normal esophageal
cells of human origin (Minn. EE 55-12-1), (2) strain HeLa of human malignant origin,

(3) strain ERK-1 of human specificity but otherwise unknown origin (Brand and Syver-
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ISOANTIGENIC RECEPTORS ON HUMAN EPIDERMAL CELLS 97

ton5), (4 and 5) Chang’s conjunctiva and liver cells of human origin, (6) sfrain Maben

of human origin, (7) strain L of mouse origin. ( For further details of the history and char-

acteristics of these cell strains see Ross and Syverton6 ) . The cells were grown in yeast
extract medium supplemented with either 20 per cent human or calf serum.5 For the

preparation of anticellular sera in guinea pigs, the cells were washed repeatedly with 0.01

M phosphate-buffered isotonic saline at pH 7.0 and detached from glass with a rubber

scraper. For use in mixed agglutination, the cultured cells were freed froni the glass

wall of the culture vessels and dispersed by treatment with Sodium Versenate ( Na-EDTA)

1:20000 (weight/volunie) in phosphate-buffered isotonic saline pH 7.0.� The cell mono-

layers were washed repeatedly with phosphate-buffered saline containing 0.5 per cent pre-

absorbed rabbit serum.7 Additional treatment with ficin-solution was carried out according

to the directions given by Kelus et al.7

Blood group antisera: The anti-A, anti-B, anti-M, anti-N, anti-D (anti-Rh#{176}), anti-C

(anti-rh’), anti-E (anti-rh” ), anti-c (anti-hr’) and anti-e (anti-h?’ ) were obtained corn-

mercially.#{176} The anti-H ( Ulex europeus) was prepared in our laboratory following the

method of Boyd et al.� The Bombay serum with an anti-H titer of 1:8 was obtained from

S. Dutta of Minneapolis.

Preparation of antisera against established cell lines injected into guinea pigs: HeLa

or Minn. EE 55-12-1 cells were emulsified in Freund’s complete adjuvant so that 4 x 10�

cells were contained in 1 nil. Guinea pigs ( about 300 Gm. each ) received intramuscular

injections of 10#{176}#{176}cells. The animals were bled by cardiac puncture before, and every 2

weeks after receiving the injection. Booster injections were administered after varying

time intervals.
Enjthrocyte siospen.s-ions: Saline suspensions of group A ( subgroup A1 ), B, 0, Bombay

(oh). M, N, cDE/cde (R2r), CDe/CDe (R1R1) and cde/cde (rr) erythrocytes were

prepared fresh before testing in a concentration of 0.5 per cent in saline.

METHODS

Mixed agglutination of erythrocytes and human epidermal calls: Epidermal cell si’s-

pension (0.1 ml.) obtained from group A, B and 0 cadavers were treated with 0.1 ml. of

anti-A or anti-B, and group 0 epidermal cells were treated with Ulex or with neutralized

or absorbed Ulex,f anti-A, anti-B, anti-M, anti-N, anti-D (anti-Rh0), anti-C (anti-rh’),

.�nti-E ( anti-rh” ), anti-c (anti-hr’), and anti-e (anti-hi” ). The epidermal cells were mixed

with the antisera by agitation and incubated at 25 C. or 37 C. for 1 hour. (table 1 ). After

incubation, the cells were deposited by centri.fugation at 350 g. for 2 minutes and washed

four times with saline-EDTA solution, care being taken to avoid loss of cells. Finally, the

suspensions were restored to their approximate original volume by adding 0. 1 ml. of 0.5
per cent red cell suspension. The added cells were thoroughly dispersed by shaking. The

tubes containing the composite suspensions were incubated for 5 minutes at 25 C. and

centrifuged at 350 g. for 1 minute, after which the cell deposit was completely resus-

pended by gentle shaking. One drop of this suspension was placed on a slide under a

covergiass and examined under the phase contrast microscope. A positive reaction con-
sisted of erythrocytes forming mixed agglutinates with epidermal cells. Each test con-

sisted of two tubes. In one, the sensitized cells were mixed with detector cells containing

the antigen in question, and in the other, the sensitized cells were mixed with detector

cells, negative for the antigen in question (negative control).
Mixed agglutination of erythrocytes and cultured cells: Each cell culture suspension

(2 x 106 cells per ml.) was placed in two 10 x 75 mm. tubes in amounts of 0.1 ml. The

*Ortho Foundation, Raritan, N. J.

f The neutralization procedure was carried out by adding 2 mg. of human H suhstance
(kindly given by Ortho Foundation) to 1 ml. of Ulex europeus extract.

The absorption procedure was carried out by adding equal amounts of three times
saline washed, packed, group 0 erythrocytes to Ulex.
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98 YUNIS, YUNIS AND BRAND

#{176}Insome tests, neutralized Ulex served as a negative control.

Table 1.-Antisera and Conditions of incubation Used in Mixed
Erythrocyte-Epithelial and Erythrocyte-Established

Cell Lines Agglutination Reaction

Red Cell Isoantigen

Agglutinin (

Source

agglutinating antibody)

Reciprocal
Titer

Incubation
Temperature

H Ulex europeus
Absorbed Ulex

Neutralized Ulex

64

0

0

A
B
M
N

Commercial anti-A
Commercial anti-B

Rabbit anti-M

Rabbit anti-N

256

128

64
16

25 C.

D(Rh0) Human anti-D (anti-Rh0) 128

C(rh’) Human anti-C (anti-rh’) 32

E(rh”) Human anti-E (anti-rh”) 64 37 C.

c(hr’) Human anti-c (anti-rh’) 32

e(hr”) Human anti-e (anti-hr”) 32

samples were then centrifuged at 600 g. for 2 minutes and the supernatant fluid removed.

To the deposit, 0.1 ml. of antiserum, Ulex extract or absorbed Ulex extract#{176} was added.

Each test consisted of one tube containing the cells and the antiserum or Ulex extract, and

a control tube containing the cells and absorbed or neutralized Ulex extract. The tubes

were then shaken and incubated for 1 hour either at 25 C. or 37 C. according to the

antibody used (table 1 ). After incubation, the treated cells were centrifuged at 350 g.

for 2 minutes and washed four times with saline-EDTA solution, care being taken to avoid

loss of cells. Finally, the suspensions were restored to their approximate original volume

by adding 0.1 ml. of 0.5 per cent red cell suspension. The added cells were dispersed
by shaking, and following this, the method is identical to the mixed erythrocyte-epidermal
cell agglutination reaction.

Absorption experiments with HeLa cells for the demonstration of M, H ansi human
specific antigens: HeLa cells were suspended in normal saline at a concentration of ap-

proximately 50 million per ml. Samples of 0.5 ml. of anti H ( Bombay serum ), anti-A, and

anti-M with hemagglutinating titers of approximately 1:16 were absorbed twice with 50

million HeLa cells ( 0. 1 ml. packed cells ) . Each absorption procedure was carried out by

incubating the mixtures at 2,5 C. for 15 minutes. In another experiment, constant amounts

(2 hemagglutinating units per 0.1 ml.) of anti-A, anti-H, anti-M and human specific anti-

HeLa antisera were mixed with decreasing numbers of HeLa cells. The mixtures were in-

cubated at 4 C. for 60 minutes (with repeated shaking), followed by the titration of
hemagglutinins in the supernatant after centrifugation. In both experiments, the antibody

titers of the absorbed and nonabsorbed antisera, as well as the degree of agglutination,
were determined following standard methods.9

Absorption experiments using guinea pig antisera prepared against established human

cell cultures: Aliquots of pre- and post-immunization sera of guinea pigs injected with HeLa
or EE cells were repeatedly absorbed with 5 per cent (0.05 ml. packed erythrocytes per

ml. serum) of the following types of erythrocytes:

(a) Bombay erythrocytes to remove species-specific but not anti-H antibodies;

(h) Group 0 Rh and N positive erythrocytes to remove species-specific and anti-Rh0

(as well as anti-N) but not anti-M antibodies;

(c) Group 0 Rh negative M positive erythrocytes to remove species-specific and anti-

M (but not anti-Rh0 and anti-N) antibodies.
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Table 2.-Mixed Agglutination of Erythrocytes and Epidermal Cells

Epidermal Cells Detector Cells
ABO Blood Group (Erythrocytes)Sensitization Results

Of

(3 secretors

2 nonsecretors)

Anti-H

Absorbed anti-H

Neutralized anti-H

Anti-A

Anti-B

0

Bombay

0

0

A

B

5/50

0/5

0/3

0/2

0/5

0/5

A.,
Anti-H

Anti-A

Anti-B

0

Bombay

A

B

2/2

0/2

2/2
0/2

A1

(2 secretors

2 nonsecretors)

Anti-H

Anti-A
Anti-B

0

Bombay

A

B

4/4

0/4
4/4

0/4

B Anti-H
Anti-A
Anti-B

#{176}Nuniber positive/number of samples.

f Negative reactions with anti-N, anti-D,
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0 2/2

Bombay 0/2
A 0/2

B 2/2

anti-C, anti-E, anti-c, anti-e.

TIle absorptions were repeated until hemagglutination titers were negative for the type of
erythrocytes used for absorption. Absorbed sera were then tested for the presence of anti-

bodies indicated above:

Sample ( a ) was titrated against group 0 Rh negative erythrocytes to indicate the presence

of anti-H.

Sample (b) was titrated against group 0 Rh negative M positive erythrocytes to indicate

presence of anti-M.
Sample (c) was titrated against group 0 Rh positive erythrocytes to indicate the presence

of anti-Rh0.

Further absorptions were then carried out on each serum sample with the different types

of erythrocytes employed in this experiment. This was done in order to demonstrate ef-

fective removal of remaining agglutinins by corresponding indicator erythrocytes but not
by those erythrocytes used for the initial absorptions.

RESULTS

Mixed agglutination of erythrocytes and epklermal celLs�: Thirteen out of

twenty-one preparations of epidermal cells were suitable for study. Five

group 0 ( three secretors and two nonsecretors ) , four group A1 ( two secretors

and two nonsecretors ) , two group A2 and two group B epidermal cells were

included in this study. Table 2 summarizes the results of the mixed agglutina-

tion reaction of human epidermal cells with anti-A, anti-B and anti-H sera.

It is shown that epidermal cells contain antigen receptors similar to those

contained on the erythrocytes of the same ABO group. Table 2 also shows

that all human epidermal cells tested, regardless of their ABO group, contain

the H antigen receptors and that this finding is not related to the secretor

status of the donor. The mixed agglutination reactions of erythrocytes and
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100 YUNIS, YUNIS AND BRAND

- Table 3.-Mixed Agglutination of Erythrocy tes and Cultured Cells

Detector Cells
Blood Group

Cell Culture Line0 Sensitization (Erythrocytes) Results

Anti-H 0 5/5+

Anti-H Bombay
Absorbed anti-H 0

UcLa ( Human) Neutralized anti-H 0 0/5

Anti-A A

Anti-B B -

Anti-M NI 2/2

Anti-H 0 3/3
Anti-H Bombay

ERK (Human) Absorbed anti-H 0

Anti-A A 0/3

Anti-B B

Anti-M M

Anti-H 0 3/3

Anti-H Bombay

EE ( Human) Absorbed anti-H 0

Anti-A A 0/3

Anti-B B

Anti-M M

Anti-H 0 1/1
Anti-H Bombay

Maben (Human) Absorbed anti-H 0

Anti-A A 0/1

Anti-B B
Anti-M M

Anti-H 0 2/2

Anti-H Bombay

Cluing Liver ( Human) Absorbed anti-H 0

Anti-A A 0/2

Anti-B B

Anti-M M

Anti-H 0 2/2

Anti-H Bombay

Chang Conj. ( Human) Absorbed anti-H 0

Anti-A A 0/2

Anti-B B

Anti-M M

Anti-H 0

L (Mouse) Anti-A A 0/2

Anti-B B

Anti-M

#{176}Negative reactions with anti-N, anti-I), anti-C, anti-E,

M

anti-c, and anti-c.

fNumber positive/number of samples.

epidermal cells were negative for M, N, D( Rh,�), C( rh’ ), E(rh” ), c( hr’ ), and

e( Fir” ) antigens.

Mixed agglulinatiwl of erythrocytes and cultured cells: Table 3 summarizes

the results of seven established cell lines studied. All six human established

cell cultures showed the H antigen but not the A, B, N and Rh antigens.
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ISOANTIGENIC RECEPTORS ON HUMAN EPIDERMAL CELLS 101

Fig. 1.-Positive HeLa cell-group 0 erythrocytes mixed agglutination reaction.
Phase contrast microscopy. x500. Print = 1600x.

Mouse cells showed negative reactions with anti-H, anti-A, anti-B, anti-M,

anti-N and anti-Rh sera. Of the six human cell lines, only HeLa cells are

known to stem from a group 0 patient. An example of positive Ulex erythro-

cyte-HeLa cell agglutination reaction is seen in figure 1. Of all the cultured

cells studied, only HeLa showed mixed agglutination reaction with erythro-

cytes after treatment with anti-M.

Absorption experiments with HeLa ceiLc for the deinonstraticm of M, H and

human specific antigens: Table 4 shows that HeLa cells are able to absorb

anti-M and anti-H sera. Table 5 presents quantitative results regarding the

number of HeLa cells required for the absorption of two hemagglutinating

units from anti-H, anti-M, and anti-HeLa sera. It appears that HeLa cells

possess higher capacity to absorb anti-H isoagglutinins than human species-

specific or anti-M hemagglutinins.

Absorption of HeLa and EE antisGra: Anti-HeLa and anti-EE sera used ex-

hibited species-specific hemagglutination titers of 1 : 640 and 1 :320, respective-

ly, for human erythrocytes of any blood group. These sera were absorbed

with erythrocytes ( as described in Methods ) for the detection of anti-H, anti-

M, anti-Rh, or anti-N antibodies. As can be seen from table 6, H negative

Bombay erythrocytes were unable to remove a small fraction of agglutinins

with anti-H specificity, indicating the presence in anticellular sera of anti-H

agglutinins besides species-specific hemagglutinins as previously defined.5

In contrast, no anti-M, anti-Rh or anti-N agglutinins were detected in these

sera tinder these experimental conditions. (In the sera of preimmunization,

guinea pigs anti-H antibodies were not demonstrable proving that the im-
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102 YUNIS, YUNIS AND BRAND

Table 4.-Absorption Experiments with HeLa Cells to Demonstrate
the Presence of M and H Antigens

Antisera Dilution

Antisera 1:1 1:2 1:4 1:8 1:16

Anti-M +++_-�--�i�_-+ ++ + ±

Absorbed anti-M + + - - -

Anti-H ++++ ++++ ++ ++ ±

Absorbed anti-H - - - - -

Anti-A (control) ++++ +++ ++ + ±

Absorbed anti-A ++++ +++ ++ + ±

#{176}Strength of agglutination following the method of F. Stratton.”

Table 5.-Absorption Experiments (Removal of Hemagglutinating Activity)
Using Different Amounts of HeLa Cells to Demonstrate the

Presence of M, H and Human Specific Antigens

Number of HeLa Cells (in millions) Per 0.1 ml. of Serum Dilution

(Co!ltaining Exactly 2 Hemagglutinating Units)

Type of Antiserum 0 0.15 0.31 0.62 1.25 2.5 5 10 20 50

Anti-M ++ ++ ++ ++ ++ ++ + + ± -

Anti-H + + + ± - - - - - -

Anti-Human ++ ++ + -F ± ± - - - -

Anti-A ++ -F+ ++ + ++ + + + + +

Table 6.-Absorption Experiments on Anti-HeLa#{176} Guinea Pig Serum
(Original Species-Specific Hemagglutination Titer 1:640)

Reciprocal Hemagglutination Titers

After Preahsorptions

with Bombay

After Cons ecutive Absorptions

with Bombay with 0 Rh Negative

Hemagglutination with Erythrocytes Erythrocytes Erythrocytes

Bombay erythrocytes <4 <4 <4

0 Rh negative erythrocytes 16 16 <4

#{176}Corresponding results were obtained with anti-EE guinea pig srrmmiit.

munization of the animals with cultured human cells was responsible for the

appearance of anti-H antibodies.)

DISCUSSION

By means of the mixed agglutination reaction,3 it has been possible to study

the A, B, H. M, N, D, C, E, c and e antigens of human epidermal cells. We

have been able to corroborate the findings that A and B blood group antigens

are present on human epidermal cells,3 and that the N’!, N and Rh antigens

are not present on epidermal cells.’0

Using the fluorescent antibody technic, Szulrnan studied the distribution of

A, B and H antigens in human tissues.� We have shown by mixed agglutina-

lion reaction that the H antigen is present on all human epidermal cells, re-

gardless of the ABO group and the secretor status of the donor.’2 After in-

vitro cultivation of cells, A and B blood group antigens are no longer de-

monstrable. Hogman was able to follow up the gradual loss of these antigens

during early passages of human epithelial cell cultures. From 4 to 7 passages

were required to completely lose the A and B antigens.4 In contrast, it has
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ISOANTIGENIC BE�EPTORS ON HUMAN EPIDERMAL CELLS 103

been demonstrated that species-specific hemagglutinogens are persistent and

stable during innumerable cell culture passages.13

We have also demonstrated by means of mixed agglutination and absorp-

lion of anti-human hyperimmune guinea pig sera that human cells obtained

from established cultures contain the H substance.’4 These experiments sug-

gest that the H antigen is stable and persistent during innumerable cell cul-

ture passages, as are the species-specific proteinaceous cell-hemagglutino-

gens.13

The persistence in human cell cultures of the H antigen, in contrast to blood

group A and B antigens, appears to be an interesting phenomenon with re-

spect to the nature and relationship of blood group antigens. Studies on these

problems are being investigated in our laboratory as well as further system-

atic investigations on the fate of the various blood group antigens in carcino-

matous cell populations.

Considering the fact that H antigen is found in only a few mammalian

species besides human cells, this antigen might be useful as a marker for

established cell culture lines of human origin.

The finding of M antigen on HeLa cells is interesting in view of the lack

of M antigen on normal epidermal cells. In keeping with this, Zacho in 1932

had demonstrated M and N antigens in nearly all malignant tumors but not

in benign tumors.15 Whether the demonstration of M antigen in cultivated hu-

man cells can be employed as an indicator of cytomalignancy will be investi-

gated further.

SUMMARY

This paper describes mixed agglutination and serum absorption experi-

ments for the demonstration of A, B, H, M, N, D, C, E, c and e isoantigens in

human epidermal cells and cultured cells. It was found that only A, B and

H antigens are present on human epidermal cells and that this does not appear

to be related to the secretor status of the donor. The same antigens were also

examined on six different established human cell strains ( HeLa, EE, ERK-1,

Maben, Chang conjunctiva, Chang liver ) , and one established mouse cell

strain ( L) . It was found that the H antigen persists in established human cell

cultures. The M antigen which is not seen in normal epithelial cells can be

demonstrated on HeLa cells by mixed agglutination reaction and by absorp-

tion experiments. Guinea pig antisera against established cell lines of human

origin were found to contain a small fraction of agglutinins with H specificity,

but no anti-M, anti-N or anti-Rh agglutinins.

SUMMARIO IN INTERLINGUA

Iste communication describe experimentos de mixte agglutination e ab-

sorption seral, visante a demonstrar isoantigenos A, B, H, M, N, D, C. E, c, e e

in human cellulas epidermic e cellulas culturate. Esseva constatate que sol-

mente antigenos A, B, e H es presente super human cellulas epidermic e que

iste facto non pare esser relationate con le stato secretori del donator. Le

mesme antigenos esseva etiam examinate super sex differente establite lineas

de cellulas human (HeLa, EE, ERK-1, Maben, Chang de conjunctiva, e

Chang de hepate) e un establite linea de cellulas murin (L). Esseva trovate
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104 YUNIS, YUNIS AND BRAND

que le antigeno H persiste in establite cytoculturas human. Le antigeno M que

non es vidite in normal cellulas epithelial pote esser demonstrate super cellulas

HeLa per experimentos de mixte agglutination e absorption seral. Antiseros

de porco de India anti establite lineas cellular de origine human revelava un

micre fraction de agglutininas con specificitate pro H sed nulle agglutininas

anti N, anti M, o anti Rh.
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