
some suspension remains active even 
after weeks of storage is advantageous 
for serial experiments. 

Lipid vesicles are already important in 
medicine as  drug carriers in vivo (20), 
and it is possible that liposome-mediated 
gene transfer might become applicable to 
experiments in vivo. 
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Group B Erythrocytes Enzymatically Converted to Group 0 
Survive Normally in A, B, and 0 Individuals 

Abstract. With an a-galactosidase, B erythrocytes can be converted to blood 
group 0 under conditions that neither impair their viability in vitro nor affect their 
ability to survive normally after transfusion to individuals of groups 0, A, and B.  
Such an approach has the potential for producing enzymatically converted group 0 
cells for use in transfusion therapy. It should also be possible to convert A cells to 
group 0 by using the appropriate a-N-acetylgalactosamirtidase. 

Individuals of blood groups A, B, and when N-acetylgalactosamine or galac- 
0 e x p r e s s  A and H, B and H, and H tose is attached in an a-1,3 linkage to the 
antigens, respectively, on their erythro- same residue as  fucose ( I ) .  Given such 
cytes. The antigenic molecule consists of structures, it is possible to convert A or 
one or more straight o r  branched carbo- B antigenic determinants into H by using 
hydrate chains attached to ceramide or  a specific exoglycosidases to hydrolyze 
peptide backbone, which in turn is em- only the N-acetylgalactosamine or galac- 
bedded in the lipid bilayer of the cell tose linked through a terminal a-glyco- 
membrane. Blood group specificity is side, thus producing group 0 cells. Our 
determined by the nature and linkage of interest is in effecting this conversion 
the monosaccharides at  the ends of the under conditions that yield cells of trans- 
carbohydrate chains. For  H antigenic fusable quality. Using an a-galactosidase 
activity the immunodominant sugar fu- previously reported to remove group B 
cose is bound in an a-1,2-glycosidic link- activity (2), we converted B erythrocytes 
age to the penultimate galactose residue. to group 0 and transfused the converted 
Blood group A or B specificity occurs cells back to the donor and to 0 and A 
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individuals, where they survived normal- 
ly. 

To achieve this, we have developed 
treatment conditions that maintain the 
integrity and viability of the erythrocyte 
while providing reasonable enzyme ki- 
netics. For these studies coffee bean 
a-galactosidase (E.C. 3.2.1.22) (Boeh- 
ringer Mannheim) was obtained and pu- 
rified to yield a specific activity of the 
order of 25 U (3) per milligram of pro- 
tein. No detectable sialidase activity was 
found and proteases were present in on- 
ly trace amounts. Contaminating exogly- 
cosidases, when present, were at  levels 
never greater than 2 x percent of 
the specific activity of a-galactosidase. 

We have extensively studied enzymat- 
ically converted cells in vitro (4). No 
more than 0.5 to 1 percent of cells are 
lysed by the conversion process, and 
fragility tests demonstrate that enzyme 
treatment neither increases the cells' 
susceptibility to osmotic shock nor ren- 
ders any part of the cell population more 
fragile. Adenosine 5'-triphosphate and 
2,3-diphosphoglycerate concentrations 
as well as  partial oxygen pressures and 
oxygen dissociation curves remain nor- 
mal during the treatment to  remove B 
antigenicity and there is an increase in 
methemoglobin formation of only 1 to  3 
percent. These results indicate that cell 
deformability and normal oxygen bind- 
ing and exchange are unimpaired. Under 
the light microscope, treated cells in 
phosphate-buffered saline ( p H  7.3) are 
seen as  a mixture of discocytes and 
spiculated discocytes in about equal 
numbers. They do not exhibit any mem- 
brane stickiness, since after centrifuga- 
tion they resuspend in the same manner 
as untreated cells and are not agglutinat- 
ed by their own serum or by the serum of 
A or B individuals. 

We have searched for changes in 
membrane structure which could result 
from enzyme treatment. For example, 
we tested the membrane surface for per- 
turbation caused by the removal of ter- 
minally a-linked galactose residues from 
group B antigens, the PI antigen (if pres- 
ent), and trihexosyl ceramide, which is a 
surface constituent of all erythrocytes. 
We used as markers acetylcholinester- 
ase, which is bound to the outer mem- 
brane surface (5) ,  and cholesterol, which 
is involved in the maintenance of proper 
membrane fluidity (6). Their levels were 
unchanged following enzyme conver- 
sion. Converted cells were also subject- 
ed to antigen profiling as  another mea- 
sure of membrane alteration. Among the 
antigens tested for were A, B, H, Rh (D, 
C, and E), M N S ,  P i ,  Lewis, Kell, Lu- 
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theran, DuEy, and Kidd. Several batches 
of untreated and treated cells containing 
different permutations of these antigens 
were examined. Antigens that were orig- 
inally present on untreated cells re- 
mained on their enzyme-treated counter- 
parts. Similarly, antigens that were ab- 
sent did not appear after enzyme treat- 
ment. The antigenicities of only B and 
P I ,  whose activity is also due to a termi- 
nally a-linked galactose residue, were 
lost after conversion, and H activity was 
increased to levels found in group 0 
erythrocytes. 

We performed the same in vitro stud- 
ies with B and AB-like gibbon erythro- 
cytes and obtaincd the same results. We 
then performed in vivo studies with "Cr- 
labeled, enzymatically converted gibbon 
erythrocytes and found that they had 
normal survival rates after being re- 
turned to the donor animal (7). Forma- 
tion of antibody to enzyme-treated cells 
was not detected after such cells were 
transfused to the same donor animal 
three times, indicating that they were not 
immunogenic under the conditions of the 
experiment. Also, antibodies to  the en- 
zyme preparations were not detected in 
the animals. 

Our latest results concern the sur- 
vivability of enzymatically converted 
cells in humans. Three healthy volun- 
teers of blood groups A, B,  and 0 were 
selected on the basis of Rh compatibility 
(Rh+), the lack of high-titer antibodies 
to minor blood group red cell antigens, 
and the absence of detectable antibody 
activity toward the a-galactosidase prep- 
aration used to remove group B antige- 
nicity. A few cells were obtained from 
our group B volunteer and treated with 
a-galactosidase. These converted cells 
were tested against the group B donor's 
fresh serum and against serum from the 
0 and A individuals. Standard pretrans- 
fusion serological procedures were used 
at room temperature and 37°C (8) .  We 
could not detect any agglutination or  
hemolysis, indicating that compatability 
had been achieved in vitro and that the 
volunteers could be used to determine 
the survival of enzymatically treated 
cells in vivo. 

Approximately 30 ml of blood was 
collected, with citrate phosphate and 
dextrose used as  an anticoagulant (sterile 
procedures and solutions were used 
throughout). The blood was centrifuged 
and the plasma and buffy coat (leuko- 
cytes and platelets) were removed. The 
packed erythrocytes were resuspended 
in normal saline (0.15M NaC1) and cen- 
trifuged, and the topmost layer of eryth- 
rocytes was aspirated to remove any 

Table 1. Blood volume and survival time measurements for "Cr-labeled, enzymatically 
converted group B erythrocytes after transfusion to 0, A, and B individuals. Values are 
uncorrected for "Cr elution. 

Blood Blood -- Cell survwal - -- - (96) - -. - -- - 

group of volume 30 60 24 T505 
recipient ( ~ d k g ) *  minutest minutes: hoursf (days) 

*Blood volume was determined by taking the total radioactivity of the transfused cells (obtained by 
multiplying the radioactivity of the standard by the weight of the transfused erythrocytes and dividing by the 
weight of the standard) and dividing by the radioactivity of the whole blood sample taken at 15 minutes 
divided by the body weight. TCalculated by using the value for the sample taken at 15 minutes to 
represent 100 percent survival, $Calculated by using the average of the values for the samples taken at 15, 
30, and 60 minutes to represent 100 percent survival. §T5,, is the period during which at least 50 percent of 
the converted cells are still present in the circulation. 

remaining white cells and platelets. This 
procedure was repeated once with 4.2 ml 
of cells, which were then resuspended in 
10 ml of normal saline, labeled with 5'Cr 
(200 $3; Squibb), and incubated at 
room temperature for 15 minutes (9). 
The cells were washed three times by 
centrifugation and resuspension in nor- 
mal saline and then three times, a t  5- 
minute intervals, in a buffer of sodium 
phosphate, sodium citrate, and saline 
(PCS) (pH 5.7) (10) to adjust their pH to 
that of the buffer. Packed cells (3.2 ml) 
were then mixed with 2000 U of a- 
galactosidase in PCS to a final volume of 
11.2 ml, and 350 ~1 was removed and 
placed in a pilot tube to provide san~ples  

.. 
8 

Fig. 1 .  Survival of "Cr- lo 
labeled, enzymatical- 2 
ly converted B eryth- '2 
rocytes after transfu- 
sion to 0 ,  A ,  and B = 
individuals. Values 40 
are uncorrected for 2 
51Cr elution. a 

for monitoring the removal of B antige- 
nicity. Both reaction mixtures were incu- 
bated at 26OC. We removed samples 
from the pilot tube at  various intervals, 
washed them, and tested them for agglu- 
tinability by using one drop of a 5 per- 
cent suspension of cells and two drops of 
commercial antiserum to human B cells. 

The mixture was allowed to stand at 
room temperature for 10 minutes, centri- 
fuged for 1 minute at 3200 revlrnin, and 
then examined microscopically for ag- 
glutination. After 60 minutes the cells 
were no longer agglutinable. However, 
since the limit of detection of the aggluti- 
nation reaction is believed to be at ap- 
proximately 2000 antigenic sites per cell 

2 0 3 0 

Days a f t e r  t ransfusion 
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(11), the incubation was continued for 30 
minutes to ensure that all susceptible 
group B antigens were converted to  H 
activity. We then tested cells from the 
primary reaction mixture and obtained 
the same results. The enzyme solution 
was removed after centrifugation and the 
packed cells were washed four times 
with 45 ml of phosphate-buffered saline 
(PBS) to remove any remaining traces of 
the enzyme preparation. The cells were 
left in the last wash for 15 minutes to  
ensure equilibration to  pH 7.3. After 
centrifugation, the cells were resus- 
pended in 12.5 ml of PBS to a final 
volume of 15.5 ml. Three 5-ml portions, 
each containing about 1 ml of converted 
cells, were taken up in preweighed sy- 
ringes, and the weight of cells to  be 
administered was measured. Transfusion 
was performed quantitatively by several 
back-and-forth rinsings of each syringe 
with the recipient's blood. A portion of 
the remaining 0.5 ml of cells was used as 
a standard to  determine the total amount 
of radioactivity administered. 

During the ensuing 49 days blood sam- 
ples were taken and their radioactivity 
was measured to determine the survival 
of the transfused cells. Using data on the 
first blood samples, which were taken 15 
minutes after transfusion, we calculated 
the blood volumes of the three partici- 
pants (Table 1) and found them to be 
within the normal range (12). The re- 
sults, which reflect the amount of radio- 
activity initially administered as  com- 
pared with the amount found in the cir- 
culation, are very similar for all three 
recipients. This indicates that there was 
no selective destruction of enzymatically 
converted cells by the immune systems 
of the 0 and A individuals in the first few 
minutes after transfusion. The amount of 
radioactivity was essentially unchanged 
in samples of whole blood taken at 15, 
30, and 60 minutes (Table I) ,  and the 
plasma in these samples was devoid of 
51Cr, demonstrating that rapid destruc- 
tion of converted cells was not occurring 
at these time points. These values were 
averaged and taken to represent 100 per- 
cent survival. 

Over 95 percent of the converted cells 
were present in the circulation after 24 
hours (Table I ) .  At least 50 percent of 
the converted cells remained in the cir- 
culation for 30 to 33 days. This is in 
accord with published values for normal 
survival (13). Finally, the three survival 
curves (Fig. I )  have essentially the same 
shape. They did not show a marked 
downward shift in slope to indicate an 
increase in the rate of cell destruction 
due to an immune response (14). 

These results are the first indication 
that small quantities of enzymatically 
converted group B erythrocytes can sur- 
vive normally in recipients whose im- 
mune systems would not tolerate un- 
treated cells. 
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Luteal Phase Defects Induced by an Agonist of Luteinizing 

Hormone-Releasing Factor: A Model for Fertility Control 

Abstract. Subcutaneous injection of 50 micrograms of a luteinizing hormone- 
releasing factor agonist (LRF agonist) for three successive days at the time o f  
menstruation in normal cycling women induces a shortened lutenl phnse with 
suboptimal concentrations of circulating estradiol and progesterone. This luteal 
phase defect follows a reduced concentration offollicle-stimulating hormone during 
the follicular phase and a resulting inadequate follicular maturation. Since a short 
luteal phase is associated with an endometrium not conducive to implantation, 
administration of the LRF agonist at the onset of menstrual cycle may prove to be a 
practical and novel approach to fertility control. 

The "spontaneous" occurrence of 
short or inadequate luteal phases of the 
menstrual cycle in humans ( I )  and mon- 
keys (2) has received increasing recogni- 
tion as  a significant cause of infertility 
and repeated early abortions (3). The 
endometrium in women with such luteal 
phase defect is known to develop inade- 
quately with respect to both its morphol- 
ogy and function as  a result of impaired 
secretion of estradiol (E2) and progester- 
one. A normal predecidual reaction usu- 
ally does not occur and normal nidation 
is thereby impeded (4). 

in  monkeys there is evidence that such 
luteal defects are the consequence of a 
deficiency in follicle-stimulating hor- 
mone (FSH) which results in suboptimal 
folliculogenesis. However, there is no 
direct evidence in women that FSH dep- 
rivation during the early follicular phase 
of the menstrual cycle is causally related 
to the sequence of impaired follicular 
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maturation followed by luteal dysfunc- 
tion. 

Since infertility is a dominant feature 
of luteal phase dysfunction ( 1 4 ) ,  phar- 
macologically induced luteal defects 
would appear to offer considerable po- 
tential as a method of contraception. 
Prolonged infusion of luteinizing hor- 
mone-releasing factor ( L R F )  or daily 
administration of long-acting LRF ago- 
nists is known to induce pituitary desen- 
sitization resulting in lowered concentra- 
tions of circulating gonadotropin (5). We 
therefore explored the possibility that 
the administration of an LRF agonist 
very early in the follicular phase might 
cause inadequate folliculogenesis and 
subsequent luteal dysfunction. 

Five normal women (ages 22 to 39 
years) with menstrual cycles of 28 days 
volunteered for this study. In each sub- 
ject, a control cycle and a treatment 
cycle were studied by daily measure- 
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