gen resulting from biological nitrogen
fixation on adjacent reef algal flats
undoubtedly contributed to the in-
creased productivity in both of these
situtations (16).

Calothrix is distributed abundantly
and ubiquitously in Pacific coral reef
communities and in other shallow trop-
ical marine environments (17). Other
nitrogen-fixing blue-green algae such
as Hormothamnion (5) are also abun-
dant in some reef communities. These
often drab-looking communities have
been accorded a much lower conserva-
tion priority than the adjacent colorful
coral communities. The research de-
scribed here indicates that these algal
reef flats are indeed of considerable
importance as a source of fixed nitro-
gen for adjacent communities and con-
sequently should be accorded a higher
priority for conservation where siting

of dredging, construction, and indus- »

trial outfalls are concerned.
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Thyroid Allograft Immunogenicity Is Reduced after a Period in

Organ Culture

Abstract. The survival time of mouse thyroid, transplanted under the kidney
capsule of an H-2 incompatible recipient, is extended by holding the thyroid in
organ culture for 12 days prior to transplantation.

The generally accepted view of allo-
graft rejection postulates that histo-
compatibility antigen (H antigens) are
strong immunogens which can elicit a
vigorous response to T (thymus derived)
cells in the allogeneic host, and that this
response is responsible for the initia-
tion of graft rejection. Because H anti-
gens form an integral part of the cell
membrane and are widely distributed
throughout the tissues of the body (1),
there would appear to be little point in
attempting to reduce the immuno-
genicity of a tissue transplant by treat-
ments other than those directed at sup-
pressing the host’s immune system.

However, our studies of allograft re-
actions (2—4) indicate that the conven-
tional view is inadequate. In our opin-
ion, H antigens by themselves are not
strongly immunogenic, and the genera-
tion of a vigorous T cell response spe-
cific for H antigens requires the simul-
taneous presentation of both H antigen
and an allogeneic stimulus to the po-
tentially responsive T cell population
(4). The allogeneic stimulus is an in-
ductive stimulus provided by meta-
bolically active lymphoid cells (5) (the
term lymphoid includes both phagocytic

and nonphagocytic lymph-borne cells).
According to this view of allograft re-
jection the fate of an allotransplant
might sometimes be enhanced by treat-
ments that remove from the graft those
lymphoid cells which provide the postu-
lated allogeneic stimulus. These latter
cells play a major role in the sensitiza-
tion of the host to foreign antigens
(3, 4).

The reports of Jacobs and Huseby
(6) and those of Summerlin (7) and
Summerlin et al. (8), that allograft sur-
vival could be enhanced by the culti-
vation of tissue in organ culture prior
to transplantation, are consistent with
our view of graft rejection, The period
in organ culture might deplete the tis-
sue of viable hematogenous elements
and lymphoid cells that could take part
in allogeneic interactions with host
lymphoid cells. We were unable to re-
peat the experiments of Summerlin
et al. (8) with mouse skin allografts.
In our experience, both isografts and
allografts failed to take on recipient
mice after being held in organ culture.
We attributed this result to a failure
of the cultured skin (either isogeneic
or allogeneic) to revascularize before
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Fig. 1. Function of BALB/c thyroid at
various times after transplantation beneath
the kidney capsule of BALB/c or C57Bl1
recipient mice. "I uptake is expressed as
the activity (10° disintegrations per min-
ute) of the grafted kidney minus that of
the contralateral unoperated kidney. The
abscissa shows the time after transplanta-
tion at which I was injected. The kid-
neys were removed and radioactivity was
counted 24 hours after the injection of
iodine. Points shown above the broken
line indicate a functioning thyroid trans-
plant; O, uncultured isograft; A, cultured
isograft; @, uncultured allograft; A, cul-
tured allograft.

this tissue became dehydrated. Ninne-
mann et al. (9) have been unable to
reproduce the findings of Summerlin
et al. (8), using a system in which a
proportion of cultured skin isografts
were shown to survive.

Mouse thyroid is a much more suit-
able tissue for such studies. Thyroid
tissue survives well in organ culture,
and the cultured organ is rapidly re-
vascularized when transplanted under
the kidney capsule of recipient mice.
The following studies show that thyroid
allograft survival is markedly enhanced
if the transplant is held in organ cul-
ture for 12 days before transplantation.

Individual lobes of mouse thyroid
were placed on rafts in 60-mm organ
culture dishes (Falcon) containing
Eagle’s minimum essential medium
(Grand Island Biological, F-15) sup-
plemented with 10 percent fetal calf
serum. The cultures were maintained
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Fig. 2. Histological appearance of BALB/c thyroid allograft, transplanted beneath the
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for 12 days at 37°C in an atmosphere
of 95 percent O, and 5 percent CO,.
The organ culture medium was
changed three times each week. Our
initial studies showed that there were
strain differences in survival of mouse
thyroid. Thyroids from BALB/c mice
were histologically intact after a cul-
ture period of 12 days, while organs
from C57B1 mice showed partial ne-
crosis after this treatment.

Thyroid transplantation was carried
out by placing individual lobes under
the kidney capsule of thyroidectomized
recipients. Thyroidectomy was carried

- & gy

kidney capsule of CS57B1 recipient mice. (A) Uncultured allograft, 11 days after
transplantation. (B) Cultured allograft, 11 days after transplantation. (C) Cultured
allograft, 16 days after transplantation. (D) Cultured allograft, 21 days after trans-

plantation (X 50).
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out at the time of transplantation with
the aid of a dissecting microscope. Par-
ticular care must be exercised at this
stage to avoid damage to the recurrent
laryngeal nerve that runs very close to
the left thyroid lobe. The function of
the transplanted thyroid was followed
by injecting recipient mice with 0.25 uc
of carrier-free 1251 (IMS 30, Amer-
sham/Searle). The recipient was killed
24 hours later, and both kidneys were
removed and placed in counting tubes
containing Formol saline. The kidney
containing the thyroid transplant and
the unoperated contralateral kidney
were then counted in a gamma counter.
Under these conditions, radioactivity of
the control kidney was approximately
400 disintegrations per minute; a count
of 1600 dpm or more, exceeding that
of the control kidney, was taken to in-
dicate a functional transplant in the
test kidney (Fig. 1). All transplants
were sectioned and examined histo-
logically after counting.

Figure 1 shows the data on iodine
uptake obtained when cultured or un-
cultured BALB/c thyroids were trans-
planted into normal syngeneic or allo-
geneic (C57B1) recipients. At 9 to 10
days after transplantation all uncultured
allografts were found to be nonfunc-
tional, and histological examination
showed that the transplants were re-
placed by scar tissue (Fig. 2A). At
this stage, cultured allografts showed a
similar pattern of 1251 uptake to either
cultured or uncultured isografts. Histo-
logically three of the ten allografts
showed little or no mononuclear cell
infiltration (Fig. 2B), while the remain-
ing transplants showed some mono-
nuclear cell infiltration around the
transplanted organ. Fifteen days after
transplantation, six of eight cultured
allografts showed similar 1251 uptake to
cultured isografts, and by 20 days four
of five cultured allografts were still
functional. Again cultured and uncul-
tured isografts showed similar patterns
of 125] uptake. By 20 days all cultured
allografts showed some mononuclear
cell infiltration around the transplanted
tissue, but the major portion of the
organ appeared histologically intact
(Fig. 2D).

There is considerable variation in the
degree of 1251 uptake by functioning
transplants. The amounts of 125] uptake
should be considered only as a qualita-
tive indication that a transplant has
survived. The actual amount of iodine
incorporated into the kidney carrying
a transplanted thyroid depends on the
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functional integrity of the thyroid trans-
plant at the time iodine was injected,
and on variables that were not con-
trolled in these experiments such as the
size of the thyroid lobe transplanted
and the level of thyroid-stimulating
hormone circulating in the blood of the
thyroidectomized recipient.

The results of these studies are clear-
cut. When thyroid tissue is held in
organ culture for 12 days prior to allo-
transplantation, its survival in the al-
logeneic host in enhanced. The mecha-
nism involved in this prolongation of
graft survival is not understood. How-
ever, these findings are consistent with
our views (summarized above) of the
way allogeneic interactions affect the
process of allograft rejection (2—4).

We already have some evidence that
a similar effect can be obtained in three
different mouse strain combinations, all
of which differ at the H-2 locus (H-24/
H-2¢; H-2b/H-22;, H-24/H-2k) (10).
Moreover, a proportion of thyroids,
held in organ culture for approximately
4 weeks, show no histological signs of
rejection up to 40 days after allotrans-
plantation. Such transplants may sur-
vive indefinitely in the allogeneic host.

Note added in proof:. Two recent re-
ports (11) show that the survival of
ovarian allografts is enhanced after
organ culture of the transplanted tissue.
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Lactate Dehydrogenase X: Effects of Antibody on
Mouse Gametes but Not on Early Development

Abstract. A rabbit antiserum specific for LDH-X, the spermatozoal form of
mouse lactate dehydrogenase, was prepared. This antiserum had no effect on
fertility of female mice when injected before or after insemination. Similarly,
there was no toxicity to the embryo when high concentrations of the antiserum
were added to cultures of 2-cell and 8- to 16-cell embryos. There was, however,
a moderate inhibitory effect on fertilization in vitro, which may be attributable

to a direct action of antiserum to LDH-X on sperm.

It has been reported that immunity
to mouse lactate dehydrogenase X
(LDH-X) has an embryotoxic effect
when impregnated female mice are
actively immunized or passively im-
munized with a rabbit antiserum, while
a decreased fertilization rate, rather
than embryopathy, occurs in actively
immunized rabbits (I, 2). We have
been unable to find an embryopathic
effect of a heteroantiserum against
LDH-X, in vivo or in vitro, although
very high concentrations of the serum
did inhibit in vitro fertilization.

The LDH was extracted from mouse
testes according to the procedure of
Goldberg (3); the portion precipitating
between 40 to 70 percent saturation
with (NH,),SO, was prepared for
affinity chromatography (4). The
LDH-X was separated from LDH 1-5
by this procedure. The LDH-X fraction
was then heated at 55°C for 5 minutes,
and the denatured proteins were re-
moved by centrifugation. The super-
natant was concentrated by vacuum
dialysis and subjected to electrophoresis
on 7.5 percent polyacrylamide gels.
Protein staining (4) of the gels showed
only one band in the LDH-X position.
The portion of the gel which stained
histochemically for LDH-X activity was

sliced out, frozen, and stored for use
in immunization.

Acrylamide slices containing an esti-
mated 75 pg of LDH-X protein were
pulverized in saline and homogenized
with equal volumes of complete
Freund’s adjuvant for the first sub-
cutaneous injection and with incom-
plete Freund’s adjuvant for subsequent
subcutaneous injections. The animals
were bled at weekly intervals after the
fourth weekly injection, and booster
injections were given monthly. The
antiserum was pooled from the fourth
to sixth bleedings. It showed a single
precipitin line when reacted with tes-
ticular extracts, and this band of pre-
cipitation fused with the band found
on reacting the antiserum with purified
LDH-X. There was no cross-reaction
with crude extracts of other organs,
and absorption with such extracts did
not remove the precipitation arc. A
rabbit antiserum to purified mouse
LDH-1 (5) and pooled rabbit normal
serums were used as controls.

Pregnant female mice were passively
immunized according to the procedures
of Goldberg and Lerum (1). We fol-
lowed their schedules but used a differ-
ent timing convention in which the day
the copulation plug is found is called

Table 1. Effect of passive immunization of females with rabbit antiserums to LDH-1 (anti-

LDH-1), and LDH-X (anti-LDH-X) on litter frequency and size. For the data in rows 1 to 3,
virgin female Swiss Webster mice were mated with Swiss Webster males, and the day a
copulation plug was found was counted as day 0. Injections (0.1 ml) of the indicated anti-
serums were given subcutaneously as indicated. The number of live born offspring was found
by cage checks on alternate days. For the data in row 4, 0.2 ml of the indicated antiserum
was injected subcutaneously into females which were then placed with the males. The injection
was repeated daily until a copulation plug was found or for up to 4 days when unplugged
females were discarded.

Normal Anti-LDH-1 Anti-LDH-X
Row Time

(days) Mice* %+ Mean Mice Mean Mice Mean

(No.) 7 + S.E.1 (No.) 7 + S.E. (No.) 7 +S.E.
1 0-3 10 60 102 =09 9 67 123 = 1.1 13 69 101 =10
2 3-6 13 69 109 = 0.5 12 92 95+12 17 76 9.6 = 0.8
3 6-9 6 83 88+14 6 67 100 =12 7 71 10.0 = 0.5
4 —1§ 10 60 6.0 = 0.6 13 61 8.1%+1.0 14 50 9.7+ 0.5

* Number of fertile females treated. 1 Percent delivering litters. i Mean number of pups =

standard error. § One day or more before fertilization.
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