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B LOOD GROUP ANTIGENS have been used as classical markers in study-

ing human population genetics. More recently the ABO( H ) antigens

On the human erythrocytes have been used by Atwood’ as a direct means of

measuring mutation rate in the somatic cells of a given individual. The de-

tection of these antigens on somatic cells by the mixed agglutination reac-

tion described by Coombs and co-workers2 suggested to us a system of con-

venient genetic markers for studying somatic cells in vitro.

The purpose of this paper is to describe experiences with the characteriza-

tion of the ABO( H ) antigens in primary and established human cell lines in

culture. The HeLa cell was used as a model to study potential sources of

technical variations in the mixed agglutination reaction. The effect of growth

medium supplementation with blood group precursors, e.g., sugars, amino

sugars and amino acids, upon subsequent immunologic reactivity of the test

cells, will also be discussed.

MATERIALS AND METHODS

Primary and Established Cell Lines

Primary human amnion cell cultures were prepared from individual membranes obtained

from Caesarian section deliveries at Bellevue and New York University Hospitals. Es-

tablished amnion cell lines which had been under serial cultivation from four to eight

years were obtained from Dr. Jorgen Fogh of the Sloan-Kettering Institute for Cancer

Research. These were: amion cell lines FL-J, FL-B, F-D, F-B, A-3-6, A-2-27. Four differ-

ent strains of the HeLa cell line were employed in this study. HeLa-P initially obtained

from Dr. Theodore Puck, Department of Biophysics. University of Colorado, has been

carried in our laboratory since 1962; lines HeLa-53MBA and HeLa-CH were obtained

from Dr. Rody Cox, Department of Medicine, New York University School of Medicine;

and line HeLa S3-6 from Dr. Harvey Liebhaber, Department of Pediatrics, New York

University School of Medicine.
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STUDIES ON THE A, B, o( H ) BLOOD GROUPS 945

Nutrient Media

Eagle’s Minimal Essential Medium ( MEM )3.4 modified according to Levintow and

Darnell5 was employed for standard maintenance of the HeLa lines. \Vaymouth’s medium6

was used for the strains obtained from Dr. Rody Cox. Primary human amnion cell cul-

tures were grown in MEM, modified according to the methods described by Chessin and
Hirschhorn.7 The established amnion cell lines were grown in the LY Medium.8 All

niedia contained a final concentration of 15 per cent fetal calf serum, penicillin (50

units per ml. ) and streptomycin ( 50 �g. per ml. ). The Blood Group Supplement Medium

employed in special studies contained the following additional components:

Solution A nng./L.

N-acetylglucosamine 100.0

N-acetylgalactosamine 60.0

L-fucose 80.0

D-galactose 80.0

Solution B

Threonine 25.0

Serine 10.0

Proline 16.0

Lysine 2.0

Arginine 2.0

Aspartic acid 4.0

Glutamnic acid 6.0

Glycine 4.0

Valine 4.0

Leucine 2.0

Isoleucine 2.0

Histidine 2.0

Eight parts of Solution A was combined with two parts of Solution B, and 1 ml. of this

Blood Group Supplement was added to each 10 nil. of final growth medium.

Antisera and Blood Group Specific Substances

High titer human anti-A and anti-B sera were obtained from Knickerbocker Labora-

tories, New York. Anti-H reagents were obtained from plant, animal and human sources.

The anti-H lectin used (Ulex europeus) was prepared according to the method of Boyd

et al.9 Eel serum was obtained fresh from blood of the American eel (Anguilla anguilla).

Human anti-H was obtained from a Bombay serum furnished to us by I)r. Hugh Fuden-

berg, Department of Medicine, University of California.

Human Red CelLs

Fresh human A, B and 0 cells were obtained from individual donors at the Bellevue

and New York University Hospital Blood Banks. Cells were collected in A. C. 1). Solu-

tion � centrifuged, washed in saline three times, and finally restmspended to a 0.5 per

cent suspension.

Culture Procedures

Monolayer cultures of established cell lines were maintained in milk dilution bottles or

on 100 mm. petri plates. Petri plates were incubated in the presence of 5 per cent CO.,

in air at 37 C. Stock cultures were fed twice weekly amid were stmbctmlttmred every 7 to 10

days.

To subculture stock cell lines the monolayers were washed 3 times with PD (phos-

phate buffered saline deficient in calcium amid magnesium ions),” and then incubated
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946 CHESSIN, BRAMSON, KUHNS AND HIRSCHHORN

for 10 to 15 minutes with 0.025 per cent trypsin in PD. After the cells were brought

into suspension, they were centrifuged at 800 rpm for 5 minutes, and the cell pellet re-

suspended in fresh P1). After appropriate diltmtions in PD and trypan blue’2 an aliquot of

cells was introduced into an AO Spencer Bright Line Hemiiocytormieter and was counted

under the Zeiss Photomicroscope using lox ocular and 25X objective with phase contrast

optics. Cell inocula containing approximately 1.0 x 10k’ cells in 10 ml. of growth mediumm

were imsed to start subcultures.

Mixed Agglutination

A modification of the mixed agglutination technic as described by Kelus, Gimrner and

Coonibs’3 was carried out as follows: 4- to 7-day-old cell monolayers were disaggregated

with trypsin, centrifuged, and washed with PD as described above. Disaggregation of

cells with a rubber policeman, without the use of trypsin, produced identical results.

After cell counts and appropriate dilutions were performed, a 0.1 ml. aliquot containing

2 x 10� cells per miii. was exposed to the appropriate antiserum or lectin for 1 hour at
room temperature. The cells were then washed 3 times with buffer and a 0.1 ml. aliquot

of a 0.5 per cent saline suspension of fresh red cells containing the corresponding red

l)lOOd cell antigen was added. The mixture was then centrifuged at 1,000 rpm. After de-

canting approximately one-half of the supernate, the cells were resuspended and the mix-

tune was placed on a clean slide in the presence of a 0.1 ml. 1 per cent aqueous trypan

blime solution and ringed with a cover slip. Preparations were examined microscopically

under light and phase optic systems. Mixed agglutination scores were made on the basis

of 1000 cells enumerated. Use of the vital stain gave excellent background coloration,

and permitted the visualization of nonviable cells. Cells were scored positive for mixed

agglutination when a mininiumm of four red blood cells adhered to the cell.

RESULTS

Detection of Mixed Agglutination (Al. A.) in Several Lines of HeLa

Table 1 summarizes the effects upon M. A. detected in 4 different labo-

ratory lines of HeLa cells (indicated in the left-hand column.) HeLa cells

are known to possess activity for blood group H,’3 and thus the corresponding

reagents were utilized in the test. Ulex extract and eel serum at titers of 1:64

were the source of anti-H in these experiments. Following sensitization of

the HeLa cells with anti-H reagents (Ulex or eel), group A, B and 0 red

blood cells were added. Control tests consisted of sensitized HeLa cells with

anti-A and anti-B serum in the presence of group A, B, and 0 red blood

cells, respectively. M. A. of different strains of sensitized HeLa cells detected

by anti-H and group 0 red cells, varied between 30 and 53 per cent. This

range of variation was considered significant, since replicate determinations

on the same preparation showed differences of less than 15 per cent when

carried out by the same person. No M. A. was detected when HeLa cells

were sensitized to either anti-A or anti-B sera in the presence of group A,

B and 0 red cells, respectively.

Effects of Titer and Reactivity of Antiserum upon M. A.

Table 2 indicates a direct relationship between the titer of the Ulex ex-

tract (anti-H) used to sensitize HeLa cells (S3) and the extent of M. A.

caused by the addition of group 0 red blood cells. A range in titer of anti-H

from 1:4 to 1:64 resulted in M. A. which ranged from 5 per cent to 47 per

cent.
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STUDIES ON THE A, B, o( H) BLOOD GROUPS 947

Table 1.-Mixed Agglutination (M.A.) Detected in Different
Laboratory Lines of HeLa Cells

Percentage of M.A. Percentage of M.A.
Detected by Ulex Extract Detected by Eel Serum

Strain (Medium) (1:64 and Group 0
Red BlOOd Cells)

(1:64 and Group 0
Red Blood Cells)

S3 (MEM) P-50#{176} 50 NI)t

P-54#{176} 53 NDf

S3-6 (MEM) 47 48

CH (\Vaymoumth’s) 30 50

S3-MBA (\Vaymoumth’s) 40 40

#{176}Represents the passage number.

tNot done.

Mixed Agglutination of HeLa Cells by Anti-H Antibodies from Different

Sources

At equivalent titers, anti-H reagents from plant, animal and human sotmrces

were all associated with comparable degrees of M. A. of HeLa cells by type

0 red blood cells. The extent of this phenomenon was not related to sensi-

tivity or resistance of antibody to mercaptoethanol ( ME ) .‘� Thus Ulex ex-

tract ( ME resistant ) was comparable to eel serum or human anti-H serum

( ME sensitive) in regard to the ability to cause M. A. ( table 3).

The Effect of Cell Viability upon Mixed Agglutination

The cells used in the M. A. test were ordinarily viable as judged by the

absence of diffuse coloration when trypan blue was added. It was demon-

strated in the present experiments that Ni. A. occurred readily in nonviable

cells as well ( table 4 ) . It was also demonstrated that the number of trypan

blue stained cells ( nonviable ) increased markedly during a 24-hour period

following the test, but that the percentage of M. A. remained the same once

agglutination had occurred. It was incidentally noted that eel serum produced

a significant cytotoxic effect as measured by the trypan blue staining reac-

tion. This effect in no way affected the M. A. reaction.

The Strength of ABH Blood Group Activity in Primary Human Amnion Cell

Cultures

Primary human amnion cell cultures derived from single individuals were

examined for blood group activity after 10 and 30 days. Strong ABH blood

group activity was detected after 10 days and a diminution in activity at 30

days (table 5). There was a greater diminution of blood group activity in

the A and B cell lines than in 2 group 0 lines.

The Strength of ABH Blood Group Activity in Established Human Amnion

Cell Lines

The 4 laboratory lines of strain HeLa showed moderate to strong blood

group activity in the course of multiple passages in the usual nutrient media.

On the other hand, the 6 established amnion cell lines showed only small

amounts of M. A. in the presence of Ulex extract and 0 cells? and undetectable
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948 CHESSIN, BRAMSON, KUHNS AND HIRSCHHORN

Table 2.-Effects of Titer of Anti-H Lectin (Ulex) upon Mixed Agglutination

Perc entage of Positive
Titer MA. Cells

1:4 5.0
1:8 16.0
1:16 20.0

1:32 38.0

1:64 47.0

Table 3.-Mixed Agglutination Detected in HeLa (Strain S-3) Cells by

Anti-H Antibodies from Different Sources

Source Titer
Resistance to

Mercaptoethanol
Percentage of MA.

Positive Cells

Human (Bombay) 1:16 - 27

Eel 1:16 - 39
Plant (Ulex) 1:16 + 34

Table 4.-The Effects of Cell Viability upon Agglutination of HeLa Cells (S3)

Detected by Anti-H (Ulex Extract)

1-Hr. Reading 24-Hr. Reading

% of sample No. cells % of sample No. cells

Viable cells 84.9 55.1
positive MA. 301 185

negative MA. 548 385

Nonviable cells 15.1 44.9
positive MA. 27 110

negative MA. 124 355

Totals 1000 1035

Total positive MA. 32.8 29.5

M. A. in the presence of A and B reagents ( table 6 ) , with the exception of

small amounts of M. A. with human anti-B and group B red blood cells in

lines FL-J and FD.

Effects of Adding Blood Group Precursors to Nutrient Medium Used for

Established Human Amnion Cell Lines

In view of the negligible degree of M. A. observed when established

amnion cell lines were grown in ordinary nutrient media, it was felt that

the addition of components known to comprise the ABH blood groups might

provide better opportunities for blood group antigen synthesis and continued

maintenance during cell growth and multiplication. Supplementary compo-

nents were added in a concentration based upon expected number of blood

group combining sites on the membrane of the red blood cell.’5

Mixed agglutination was carried out in parallel on cell suspensions prepared

from two established amnion cell lines, FD and FL-J, and HeLa (CH), with

and without the addition of blood group constituents to the medium for 15

days. There was no effect of the supplement upon cell growth as compared

to controls. Increases in mixed agglutination reflecting blood group activity

were demonstrated (table 7). Thus, after 15 days of culture in enhanced
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STUDIES ON THE A, B, o ( H) BLOOD GROUPS 949

Table 5.-Specific A, B, II Antigens in Primary Human Amnian Cell Cultures

Detected by Mixed Agglutination after 10 and 30 Days

Per Cent M.A.
Culture Designation and

A, B, H Antigen Type 10 days 30 days

0. R. (Type A) 54.0 0.5

E.V. (TypeA) 27.0 0.5

E. M. (Type B) 5.0 not detectable

G.T.(TypeO) 23.0 20.0

LB. (TypeO) 32�0 18.0

Table 6.-Mixed Agglutination Detected in Different Established

Lines of Human Amnion

0
Cell Strain and Time of

Serial Passage in Culture A B Ulex (1 : 64) Eel (1 : 64)

A-3-6 (4 yrs.) 0 0 15.0 NI)#{176}

FL-J(8yrs.) 0 2.0 5.0 2.0

A-2-27 (4 yrs.) 0 0 10.0 7.5

FD (4 yrs.) 0 3.0 7.0 1.0

FB(4yrs.) 0 0 2.0 7.0

FL-B(8yrs.) 0 0 0.3 1.6

5Not done.

medium, 60 per cent of the FD cells and 35 per cent of the FL-J cells were

involved in M. A. with anti-H serum and group 0 red blood cells as com-

pared to controls of 7.5 per cent and 5.0 per cent, respectively. Twenty per

cent of the FD cells and 13 per cent of the FL-J cells were involved in M. A.

with anti-B and group B red blood cells as compared to controls of 2.5 per

cent and <0.1 per cent, respectively. The HeLa ( CH ) line, which demon-

strated a high degree of M. A. ( 50 per cent ) with anti-H and group 0 red

blood cells showed no increase in M. A. in the presence of the blood group

supplement.

DISCUSSION

The above studies indicate that several laboratory lines of HeLa cells

demonstrate mixed agglutination in the presence of anti-H and group 0

red blood cells. No more than 60 per cent of the HeLa cells were observed

to be involved in M. A. in any of the tests using anti-H as the reagent. The

line of HeLa cell appeared important in this regard, since different laboratory

lines yielded results which ranged from 30 per cent to 60 per cent positive

cells. H-activity, however, remained relatively constant during the continued

cultivation of any of the laboratory lines.

In the presence of the same HeLa cell strain the titer of anti-H used for

sensitizing cells was directly correlated with the extent of mixed agglutination.

The source of anti-H, whether plant, animal or human, did not affect results

appreciably when other factors were constant. It was observed that the

anti-H derived from a plant source (Ulex) was resistant to mercaptoethanol,

but that the eel and the human anti-H reagents were sensitive to the action

of this material. This implied that the latter reagents contained the 19S form

of antibody, whereas Ulex may be of a smaller molecular size or of an entirely
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950 CHESSIN, BRAMSON, KUHNS AND HIRSCHHORN

Table 7.-Mixed Agglutination Detected in Different Established Lines of Human

Amnion Grown in the Presence of Blood Group Constituents for 15 Days

Percentage of M.A.*

Cell Strain A B 0

Fl) 0(0) 20(2.5) 60(7.5)

FL-J 0(0) 13(<0.1) 35(5.0)

HeLa(CH) 0(0) 0(0) ______ 50(50)

#{176}Nummhersin parentheses represent control values of MA. in tmnstmpplemmmented mediumni

for each test.

unrelated chemical structure.

Hogman and Killander’6 have demonstrated that 7S and 195 antibodies

which had been separated by means of DEAE chromatography differed in

their ability to cause mixed agglutination for type A cells. In their hands, the

19S antibody appeared more active than did the smaller molecular species.

Since serum fractions were used in their experiments, and whole reagents

from different species were utilized in ours, this could account for the oh-

served differences.

It was important to determine whether cell viability was significant in the

occurrence of mixed agglutination, and whether mixed agglutination affected

cell viability. The rapidity and extent of mixed agglutination appeared to be

unaffected regardless of the degree of cell viability. It was observed that

after mixed agglutination had occurred, progressive increases in the number

of trypan blue stained cells occurred over a 24-hour period. Trypan blue

studies also indicated that eel serum was more cytotoxic to HeLa cells than

was either the Ulex extract or human serum, although their ability to effect

the mixed agglutination reaction were very similar.

Thus far, it has not been possible to maintain ABO blood group activity

at a stable level in any of the cell lines studied except for HeLa cells when

the customary nutrient media were employed. Similarly, this inability was

reflected in our studies of primary cultures of human amnion cells which

demonstrated progressively less involvement in specific mixed agglutination

during the course of 30 days of cultivation. Hogman’T has reported similar

findings.

In view of the disappointing results in the detection of blood group activity

of most cell lines grown in the ordinary nutrient media, it was felt that the

addition of known precursors of the ABO blood groups might assist in the

synthesis and maintenance of these antigens during further continued cell

growth. This prediction was based on the assumption that successive genera-

tions of cells retained genes responsible for the intermediate pathways in the

synthesis of blood group antigens on the cell surface.

The FL human amnion cell was selected for this purpose since it has been

shown by Hagiwara’TM that this line has B antigen activity. It was of interest

that with the addition of blood group precursors to the nutrient medium, 2

established amnion lines reacted in mixed agglutination with anti-H and

anti-B reagents, thus allowing for a serologic differentiation from HeLa cells

which reacted only in the presence of anti-H.

Although the HeLa cell line did not show any appreciable difference in H
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STUDIES ON THE A, B, o( H ) BLOOD GROUPS 951

antigen detection when grown in the presence of blood group precursors, the

significant difference in detection of B antigen in the human amnion lines

suggests that Eagle’s MEM is sufficient to fulfill the cells’ growth requirement

for synthesizing the basic H antigen. However, in order to make the B anti-

gen the cell must build the additional carbohydrate moieties onto the H

framework. This mechanism has been postulated by Watkins and Morgan’9

in their considerations on the biochemistry of blood group substances.

Our studies suggest that a transferase enzyme may have been induced by

the presence of the appropriate substrate. This reaction may have activated

the attachment of the pertinent sugar moiety to the basic blood group sub-

stance in a cell line of the appropriate genotype. Such transferase enzymes

responsible for the production of pneumococcus type specific polysaccharide,2#{176}

streptococcal cell walls,21 and neurospora hyphae22 have been described.

Apparently in the intact organism, the constancy of genome in dividing

somatic cells, and the availability of appropriate nutrients allow for continued

blood group reactivity throughout the cells’ lifespan. The disappearance of

blood group specificity in some cases of leukemia23�7 may be derived from

alterations in the genome.

In isolated cell lines grown in culture, this disappearance seems to derive

from deficiency of substrates. Clearly such considerations as genetically con-

trolled clonal differences, which would include both chromosomal as well as

genie variants, secretor status of the cell, morphologic differences, and viral

and bacterial contaminants, could also account for differences in blood group

activity of cells maintained in vitro.

SUMMARY

HeLa cells were used in the mixed agglutination reaction to determine

optimal conditions for demonstrating blood group H activity by this method.

The following parameters were studied in the mixed agglutination reaction:

(1) derivation of cell line, (2) cell viability, (3) effects of antibody titer, (4)

source and type of antibody.

Studies with primary human amnion cells indicated that over a 30-day pe-

riod of cultivation in vitro there were losses in specific ABO blood group

activity.

Addition of blood group precursors to establish human amnion cell

lines FL-J and F-D indicated that blood group B antigen could be synthesized

and maintained in vitro.

SUMMARIO IN INTERLINGUA

Cellulas HeLa esseva usate in le reaction de agglutination mixte pro

determinar qual conditiones es le optime quando iste methodo es usate pro

demonstrar un activitate de gruppo de sanguine H. Le sequente parametros

esseva studiate in le reaction de agglutination mixte: (1) le derivation del

linea cellular, (2) le viabilitate cellular, (3) le effectos del titros de anti-

corpore, e (4) le fonte e le typo de anticorpore.

Studios con primari cellulas amnionic human indicava in le curso de un

periodo de 30 dies de cultivation in vitro le occurrentia de perditas de activitate

specific de gruppo sanguinee ABO.
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952 CHESSIN, BRAMSON, KUHNS AND HIRSCHIIORN

Le addition de precursores de gruppo de sanguine ad establite lineas de

cellulas amnionic human FL-J e F-D indicava le possibilitate de synthetisar

e mantener in vitro antigeno de gruppo de sanguine B.
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