
strain (as well as its hybrids) is a car- 
rier of a latent leukemogenic virus that 
can be released or activated by various 
disturbances of the cellular environment 
-for example, following irradiation of 
a parabiotic partner, neonatal thymec- 
tomy, or the induction of a GVHR. 

From these considerations, it ap- 
pears that the (SB)F1 hybrid mouse, the 
host animal in the above experiments, 
is a carrier of tumor-inducing virus or 
viruses derived from both parents. Fur- 
thermore, it seems likely that both vi- 
ruses are involved in lymphoma induc- 
tion by the GVHR. Unlike the SJL/J 
strain, (SB)Fi mice have a low inci- 
dence of spontaneously occurring lym- 
phomas. However, the very fact that 
tumors were induced in 40 days after 
injection of small numbers of SJL/J 
spleen cells into (SB)F1 mice, but only 
after 120 days after injection of mas- 
sive doses of C57BL/1 cells, may indi- 
cate that the part played by the virus 
of SJL/J mice is more important in 
terms of tumor inducibility than that 
played by the virus of C57BL/1 mice. 
The latter virus may, on the other 
hand, be more important in the deter- 
mination of the histocompatibility char- 
acteristics of the induced tumors (as 
indicated below). 

Comparative experiments, in which 
various murine strain combinations 
were used, have demonstrated the im- 
munological vigor of SJL/J spleen cells 
in the GVHR, with respect to F1 hy- 
brid morbidity and mortality (13). 
While this may be an expression of 
cellular immunity peculiar to this 
strain, it is quite possible that the virus 
of the SJL/J strain (7) released or ac- 
tivated, as a result of the cell damage 
associated with the GVHR, may at 
least be partly responsible. Thus the 
short latent period for tumor induc- 
tion, 40 days after the initial injection 
of SJL/J parental spleen cells into 
(SB)F1 mice, as well as the small num- 
ber of cells required for tumor induc- 
tion, could well be a reflection of the 
quantity of oncogenic virus in the 
spleen cell inoculum. This time interval 
is far shorter than that observed for 
GVHR induction of tumor with other 
strain- combinations (1-3). 

The induction of tumors in (SB)F1 
hybrid mice-which on transplantation 
grew in syngeneic (SB)F1 and C57BL/ 
1 mice, but not in SJL/J mice, the pa- 
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the SJL/J hosts might be demonstrable 
with a period of observation longer 
than 5 months; if this were so, the 
longer interval for tumor acceptance 
in this group would still pose questions 
relating to tumor histocompatibility.) 
At present, little is known about the 
exact relation between murine leuke- 
mia virus particles and the expression 
of virus-induced cell surface antigens 
(14). Antigenic changes in tumor cells 
may be considered in terms of antigenic 
loss or gain (15). Mitcheson (16) and 
Klein and Klein (17) have provided evi- 
dence of uniparental preference of 
heterozygous F1 lymphomas and sar- 
comas which was interpreted as being 
due to loss of antigens derived from 
the other parent. In the experiments 
reported here, all tumors induced in F1 
mice were uniformly accepted by only 
one parental strain. This contrasts with 
the variable results in the above studies 
and implies a highly specific mech- 
anism in the determination of their 
antigenic composition. Since C57BL/ 
I -> (SB)Fl-induced tumors were also 
accepted by C57BL/ 1 mice, a common 
mechanism in the determination of the 
tumor cell surface composition may be 
operative in both GVHR's involving 
the same F1 hybrid. Cell culture stud- 
ies have demonstrated ithat the C57BL 
radiation leukemia virus could rescue a 
defective murine sarcoma virus ge- 
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A major new approach in the study of 
cell surface membranes has been the use 
of phytoagglutinins, which bind to spe- 
cific carbohydrate-containing sites on the 
cell surface, and which cause some cells 
to agglutinate (1). Although the exact 
role of these binding sites in the agglu- 
tination process is not understood, there 
appears to be a strong association be- 
tween cell agglutination and changes in 
the cell surface properties associated 
with malignancy, such as decreased cell 
adhesion and contact inhibition (2, 3). 
Fundamental changes in glycoproteins 
and glycolipids on the cell surface mem- 
brane accompany the changes in cell 
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nome; the resultant infectious virus 
particle carried the envelope of the 
C57BL virus (18). Thus in GVHR- 
induced tumors in (SB)F1 mice, the 
C57BL/ 1 virus may be acting as a 
helper to the SJL/J virus. 

EUGENE A. CORNELIUS 

Department of Radiology, 
Yale University School of Medicine, 
New Haven, Connecticut 06510 

References 

1. R. Schwartz, J. Andre-Schwartz, M. Y. K. 
Armstrong, L. Beldotti, Ann. N.Y. Acad. 
Sci. 129, 804 (1966); M. Y. K. Armstrong, 
R. S. Schwartz, L. Beldotti, Transplantation 
6, 1380 (1967). 

2. L. J. Cole and P. C. Nowell, Proc. Soc. 
Exp. Biol. Med. 134, 653 (1970). 

3. E. A. Cornelius, Transplantation, in press. 
4. A. Tyler, J. Nat. Cancer Inst. 25, 1197 (1960). 
5. E. D. Murphy, Proc. Amer. Ass. Cancer 

Res. 4, 46 (1963). 
6. T. Yumoto and L. Dmochowski, Cancer Res. 

27, 2098 (1967). 
7. S. Fujinaga, W. E. Poel, W. C. Williams, 

L. Dmochowski, ibid. 30, 729 (1970). 
8. H. Kaplan, J. Nat. Cancer Inst. 9, 556 (1948). 
9. -, Cancer Res. 27, 1325 (1967). 

10. L. Gross, Proc. Soc. Exp. Biol. Med. 76, 27 
(1951). 

11. , Acta Haematol. 19, 353 (1958). 
12. E. A. Cornelius, Transplantation 12, 531 

(1971). 
13. -, Exp. Hematol. 22, 87 (1972). 
14. E. Fenijo, G. Grundner, G. Klein, E. Klein, 

H. Harris, Exp. Cell Res. 68, 323 (1971). 
15. J. R. Tennant, Transplantation Proc. 2, 104 

(1970). 
16. N. A. Mitcheson, Proc. Roy. Phys. Soc. 250, 

45 (1956). 
17. G. Klein and E. Klein, J. Cell. Comp. Phys. 

52 (Suppl. 1), 125 (1958). 
18. H. Igel, R. J. Huebner, B. Deppa, S. Bum- 

garner, Proc. Nat. Acad. Sci. U.S.A. 58, 1870 
(1967). 

6 April 1972; revised 7 June 1972 

nome; the resultant infectious virus 
particle carried the envelope of the 
C57BL virus (18). Thus in GVHR- 
induced tumors in (SB)F1 mice, the 
C57BL/ 1 virus may be acting as a 
helper to the SJL/J virus. 

EUGENE A. CORNELIUS 

Department of Radiology, 
Yale University School of Medicine, 
New Haven, Connecticut 06510 

References 

1. R. Schwartz, J. Andre-Schwartz, M. Y. K. 
Armstrong, L. Beldotti, Ann. N.Y. Acad. 
Sci. 129, 804 (1966); M. Y. K. Armstrong, 
R. S. Schwartz, L. Beldotti, Transplantation 
6, 1380 (1967). 

2. L. J. Cole and P. C. Nowell, Proc. Soc. 
Exp. Biol. Med. 134, 653 (1970). 

3. E. A. Cornelius, Transplantation, in press. 
4. A. Tyler, J. Nat. Cancer Inst. 25, 1197 (1960). 
5. E. D. Murphy, Proc. Amer. Ass. Cancer 

Res. 4, 46 (1963). 
6. T. Yumoto and L. Dmochowski, Cancer Res. 

27, 2098 (1967). 
7. S. Fujinaga, W. E. Poel, W. C. Williams, 

L. Dmochowski, ibid. 30, 729 (1970). 
8. H. Kaplan, J. Nat. Cancer Inst. 9, 556 (1948). 
9. -, Cancer Res. 27, 1325 (1967). 

10. L. Gross, Proc. Soc. Exp. Biol. Med. 76, 27 
(1951). 

11. , Acta Haematol. 19, 353 (1958). 
12. E. A. Cornelius, Transplantation 12, 531 

(1971). 
13. -, Exp. Hematol. 22, 87 (1972). 
14. E. Fenijo, G. Grundner, G. Klein, E. Klein, 

H. Harris, Exp. Cell Res. 68, 323 (1971). 
15. J. R. Tennant, Transplantation Proc. 2, 104 

(1970). 
16. N. A. Mitcheson, Proc. Roy. Phys. Soc. 250, 

45 (1956). 
17. G. Klein and E. Klein, J. Cell. Comp. Phys. 

52 (Suppl. 1), 125 (1958). 
18. H. Igel, R. J. Huebner, B. Deppa, S. Bum- 

garner, Proc. Nat. Acad. Sci. U.S.A. 58, 1870 
(1967). 

6 April 1972; revised 7 June 1972 

behavior that are involved in malignant 
transformation (4), and it has been sug- 
gested that cell surface glycoproteins 
serve as determinants of cell behavior 
(5). Moscona (6) extended these obser- 
vations to embryonic differentiation by 
demonstrating agglutination of chick 
embryonic tissue cells by concanava- 
lin A (Con A), and suggested that the 
unmasking of agglutinating sites on neo- 
plastic cell membranes might reflect a 
return to the embryonic state with re- 
sultant increased cell mobility. This 
theory is consistent with recent clinical 
studies showing the appearance of fetal 
cell membrane factors in the serum of 
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Concanavalin A Agglutination of 

Intestinal Cells from the Human Fetus 

Abstract. Concanavalin A markedly agglutinated isolated epithelial cells from 
the intestine of the human fetus but not from the intestine of the adult. Wheat 
germ agglutinin only moderately agglutinated cells from the intestine of an 
adult. These results extend the studies of concanavalin A agglutination of em- 
bryonic cells to human tissue, and they suggest that concanavalin A may be 
reacting with a common antigen on the fetal cell membrane. 
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patients with gastrointestinal neoplasms 
(7). Furthermore, Hakamori et al. have 
demonstrated agglutination of gastric 
and colonic carcinoma cells by wheat 
germ agglutinin (WGA) (3), and Yang 
and Hakamori have isolated an unusual 
fucosyl glycolipid from an adenocarci- 
noma of the stomach (8). 

In view of these previous studies, we 
examined the agglutination, by Con A 
and WGA, of isolated intestinal' epi- 
thelial cells. This tissue has a high turn- 
over rate and graded areas of differ- 
entiation, and, therefore, is an excellent 
tissue for studying cell surface mem- 
brane changes associated with mitosis, 
differentiation, and the fetal state. 

Tissues were obtained from adult hu- 
man patients at operation, and from 
four human fetuses obtained by hyster- 
otomy; fetal crown-rump length varied 
from 5 to 10 cm. Intestinal tissue was al- 
so obtained from 170-g female Sprague- 
Dawley rats. Preparations of isolated 
intestinal cells were made according to 
the method of Stern (9) using citrate 
for cell dissociation. Cells were col- 
lected and further treated with 1.5 mM 
ethylenediaminetetraacetate (EDTA) in 
phosphate-buffered saline (PBS); no pro- 
teases or other enzymes were used. This 
method isolates only epithelial cells, and 
excludes serosal and interstitial cells. 
After dissociation, cells were washed re- 
peatedly with PBS containing no Ca2+, 
Mg2+, or EDTA, and finally suspended 
in PBS at an approximate cell concen- 
tration of 2 X 106 cells per milliliter. 
Wheat germ agglutinin was prepared 
by heat treatment as described by Bur- 
ger and Goldberg (10), and was resus- 
pended in PBS (1 mg/ml). Concana- 
valin A was also resuspended in PBS (1 
mg/ml) (11). Protein was determined 
by the method of Lowry et al. (12). 

For the agglutination assay (10), 
equal volumes of agglutinin solution 
and cell suspension were mixed in plas- 
tic test tubes to a final volume of 0.2 
ml or 0.4 ml; final concentration of 

agglutinin was 0.5 mg/ml. A control 
mixture, containing cell suspension and 
PBS, was always included, and aggluti- 
nation in the experimental mixtures was 
graded from + to ++++ by compari- 
son with this control. The assay mix- 
tures were incubated at 37?C in a rotary 
shaking water bath (70 to 80 rev/min). 
At specific intervals portions were re- 
moved with a Pasteur pipette, and a 
drop was placed on a glass slide for 

microscopic evaluation of agglutination. 
Epithelial cells from the small in- 

testine of adult humans were moder- 

ately agglutinated when exposed to 
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Table 1. Agglutination of epithelial cells 
from the small intestine of human adults 
and fetuses by WGA and Con A. 

Time of Cell agglutination 
Tissue incubation 

(minutes) WGA Con A 

Adult 5 + +/- 
Adult 10 + +/- 
Adult 20 ++ +/- 
Adult 30 +++ +/- 

Fetus 5 + +++ 
Fetus 10 + ++++ 
Fetus 20 + ++++ 
Fetus 30 + ++++ 

WGA (Table 1). The agglutinated cells 
were in small clumps of five to ten cells, 
and their microscopic appearance was 
similar to that reported by Moscona for 
chick embryo retinal cells that had been 
dissociated by trypsin (6). Similar re- 
sults were obtained with epithelial cells 
from the small intestine of the adult 
rat, but not with cells from the stomach 
or colon of the rat. In contrast to these 
findings, epithelial cells from the in- 
testine of the human fetus were marked- 
ly and immediately agglutinated by Con 
A, but not by WGA (Table 1). This ag- 
glutination induced by Con A was visible 
within 5 minutes, and the clumps con- 
tained about 100 to 200 agglutinated 
cells, similar to those described by Mos- 
cona for chick embryo retinal cells 
that had been dissociated by EDTA (6). 
The Con A agglutination of intestinal 
cells from the human fetus was reversed 
by a-methylglucoside (3 mM). 

Attempts were made to expose mem- 
brane sites reactive to WGA or Con A 

by treatment of intestinal cells from the 
adult rat with trypsin (1). However, it 
was observed that trypsin, even at low 
concentrations (2 mg/ml), and at 0?C, 
agglutinated intestinal cells and caused 
more than 50 percent of the cells to be 

destroyed. Papain and ficin also agglu- 
tinated cells, but pepsin did not. 

These results on human small intes- 
tine are consistent with Moscona's find- 

ings with neural retinal and liver cells of 
the chick embryo (6). However, rather 
than comparing embryonic tissue to 

nonembryonic cells derived from tissue 

culture lines, the present studies com- 

pared both adult and fetal tissue pre- 
pared identically and derived from the 

same species. These results, therefore, 
answer some of Sivak's objections to 

Moscona's findings (13) concerning the 

comparison of embryonic tissue to true 
adult tissue, and, in so doing, support 
the concept that cells of embryonic or 
fetal origin have carbohydrate-contain- 
ing sites on the surface membrane 
which are available for agglutination 

by Con A. The presence of Con 
A-reactive components on membranes 
of intestinal cells from the fetus raises 
the question as to whether these surface 
sites or factors are similar to the car- 
cinoembryonic antigen described by 
Gold (7). This antigen, found in serums 
of patients with gastrointestinal neo- 

plasms, appears to be associated with the 
surface membranes of neoplastic cells as 
well as fetal intestinal cells. However, 
regardless of whether these surface 
sites or factors are the same, the pres- 
ent results suggest that the cell mem- 
brane changes observed in virally 
transformed tissue culture cells, in chick 
embryonic cells, and in human fetal 
cells may be very similar. Whether these 
membrane changes are incidental ex- 

pressions of the undifferentiated state 
or are actual cell behavior determinants 
is not known. However, there is increas- 
ing evidence that glycoproteins in the 
cell membrane play a role in cell ad- 
hesion, cell differentiation, and cell mo- 
bility (4)-factors that are important 
in neoplastic growth and metastasis. 
Whether or not the surface membranes 
of human neoplastic cells also have ex- 
posed sites reactive to Con A similar to 
those present in normal human fetal 

intestine, remains to be determined. 
MILTON M. WEISER 

Department of Medicine, Massachusetts 
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