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produced. However, the anemia that some-
times occurred could not be related to pyri-
doxine metabolism.

Despite extensive empirical use of pyri-
doxine as a therapeutic test agent for many
different conditions, its essential role in hu-
man hematopoiesis has been demonstrated
only in the infant maintained on a synthetic
diet lacking pyridoxine. The present obser-
vations indicate that abnormal hematopoiesis
(associated with abnormalities in the metab-
olism of tryptophan and iron) can occur in
the adult human secondary to a naturally oc-
curring alteration in pyridoxine metabolism.
Since the dietary intake of pyridoxine was
estimated to be normal, the possibilities exist
at present that either an absorptive defect or
metabolic aberration accounts for the findings
in this patient. The nature of the alteration
and its role in the steps involved in hemato-
poiesis are unknown.

Summary. An adult patient is reported
'with hematologic abnormalities that were un-
responsive to the usual hematopoietic agents,
and characterized by a hypochromic anemia,
leukocytosis, high serum iron and high per
cent iron binding protein saturation. Measure-
ments of the abnormal urinary excretion of
the metabolites of 1-tryptophan following oral
loading tests demonstrated an alteration in
the metabolism of this amino acid. The
clinical and Iaboratory abnormalities were
promptly reverted to normal, and hematologi-
cal remission followed intramuscular admin-
istration of pyridoxine hydrochloride.
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Acceptance of Tumor Homografts by Mice Injected with Antiserum.

II. Effect of Time of Injection.*

(22285)
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With certain combinations of transplant-
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able tumors and inbred strains of mice, a
normally resistant host will accept a tumor
homograft if the animal is injected with
preparations of mouse tissues prior to tumor
grafting(1-4). The altered response of the
host may persist for many months after the
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tissue has been injected, but tissue adminis-
tered after the tumor is grafted does not in-
duce acceptance of the homograft(5). Anti-
serums to mouse tissues, produced in rabbits
or mice, also will ensure survival of a tumor
homograft when injected into normally resis-
tant mice(6-9). The present report is a
study of the survival of tumor homografts in
mice receiving antiserum at different time in-
tervals, with respect to the time of tumor
grafting. It was undertaken to establish a
comparison with the results previously found
for the effects of varying the time of injection
of tissue preparations(5). This comparison
is of importance for an understanding of the
mode of action of both the tissue injections
and the antiserums. A preliminary report of
the present findings has been presented else-
where(10).

Materials and methods. The transplant-
able tumor used as the homograft was Sar-
coma I (Sal) which is indigenous to the in-
bred A strain of mice. Hosts were mice of
the C57BL/6Ks strain (a C57Black subline),
which is genetically unrelated to the A strain.
The tumor grows progressively in 100% of
strain A mice, and very rarely in an untreated
C57BL/6Ks mouse. (A full description of
the properties of this tumor has been given
previously(11).) All mice were 2 to 4
months old at the start of the experiments.
Antiserums were produced in rabbits and
C57BL/6Ks mice. The rabbits received in-
jections of either freshly secured spleens of
strain A mice or freeze-dried Sal tumor. The
tissues were prepared as homogenates in ster-
ile 0.85% saline, in an amount of approxi-
mately 20 mg/ml dry weight and the homo-
genates were centrifuged at 4500 x g. The
supernatants thus obtained were used for in-
travenous injection, and the sediments for in-
traperitoneal injection. The rabbits received
a total of 6 injections, spaced 4 days apart.
Except for the first injection, in which super-
natant was given intravenously, the sediment
was injected in the morning, and the super-
natant on the afternoon of the same day, to
minimize anaphylaxis. The amounts of sedi-
ment injected per rabbit were, respectively,
1.0, 1.5, 2.0, 2.0, and 2.0 ml; all injections of
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supernatant were in the amount of 0.5 ml
The rabbits were bled from the heart while
under - nembutal anaesthesia. The serums
were separated by centrifugation, freeze-
dried and stored in vacuo, under refrigeration.
For use in the experiments, the serums were
reconstituted to the original volume with
sterile distilled water. They were then heated
at 56°C for 1 hour, since it had been found
(12) that unheated rabbit antiserum may in-
duce severe shock in mice, with subsequent
death, and that the shock is greatly reduced
by heating the serums. At the time that they
were reconstituted, the serums had been in
storage for 2 years and 8 months. In mice,
centrifuged supernatants of freeze-dried or
frozen Sal tumor were administered in 5 in-
traperitoneal injections of 0.5 ml each, over a
period of 274 weeks. Each mouse received a
total of approximately 7.5 mg dry weight of
tissue. Twelve days after the last injection,
the mice were bled by incision of the lateral
tail vein. An additional bleeding was made
1 month later, after a single “booster” injec-

TABLE I. Effect of Time of Injection of Rabbit

Antiserums on Survival of Homografts of a Strain

A Tumor in C57BL/6Ks Male Mice.

No. mice dying with
tumors; inj. with
antiserums from

Interval between inj. rabbits No.t

of serums and t g* K3 208
Serum inj. beforet g
28 days 0/ 5 1/5
7T 0/ 5 4/5
3to6hr 10/10 5/5
Serum from rabbits No.
2P31 2P26/304%
3 to 6 hr before 5/ 6 13/13
Serum inj. aftert g
1day 2/ 6 3/ 5
2 0/ 5
3 0/ 5
5 0/
7 0/10
Rabbit anti-
Normal serum to
rabbit  guinea pig
serum spleen No inj.
4 hr beforet g 0/6 0/6 0/27

* { g — tumor grafting.

t Numerators are No. dying with progressively
growing tumors; denominators, total No. of ani-
mals in each group.

1 Pooled serum from 2 rabbits.
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tion of an equivalent of approximately 4 mg
dry weight of tumor supernatant. All the
serums were pooled and stored at —26°C. In
some of the experiments, the isoantiserums
bad been produced shortly before they were
used; in others they had been in storage for
10 months. The older serums were fully as
effective as the fresher ones. Antiserums were
administered intraperitoneally to the test ani-
mals. The homografts (Sal) were inocu-
lated subcutaneously by trocar, under aseptic
conditions, in the suprascapular region.
Growth of the grafts was followed by periodic
palpation until the mice either died with a
progressively growing tumor, or remained
without an evident growth for a consecutive
period of 2 months, at which time the ani-
mals were classified as “negative.”

Results.  Serwms produced in rabbits.
(Table I). Four different lots of antiserums
were tested, 3 of these from 3 different rab-
bits, and the fourth a pooled serum from 2
other rabbits. Rabbit K3 (Table I) had been
immunized with the strain A tumor, Sal; the
other rabbits were immunized with spleen
from strain A mice. The serums from rab-
bits K3 and 208 were administered in 2 in-
jections, per mouse, of 1 ml each, given 24
hours apart. The other 2 serums were admin-
istered in a single injection of 1 ml per mouse.
The following points are evident from the
data: (a) the best results. in terms of homo-
graft survival, were obtained when the anti-
serum was injected shortly before tumor graft-
ing; and (b) antiserum injected more than
one day after tumor grafting did not effect
homograft survival. There is a positive cor-
relation between the relative strength of the
antiserums from rabbits 208 and K3 and the
length of time that their effectiveness re-
mained in evidence when injected prior to
tumor grafting. The serum from rabbit 208
exhibited both a higher complement-fixing
titer and hemagglutinating titer (with red
cells from strain A/Ks mice) than did the se-
rum from rabbit K3. The data of Table I
show that the serum from rabbit 208 exhib-
ited some effect at an interval as long as 28
days between its injection and subsequent
tumor grafting, while no homografts survived
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in the mice that received the K3 serum at as
short an interval as 7 days before tumor in-
oculation. However, that there was some ef-
fect of the K3 serum given at this time in-
terval was shown by the markedly larger
transient growth of the grafts in this group
of mice, and their longer persistence before
regression, as compared with uninjected con-
trols.

That the results described are due to spe-
cific antibody in the passively transferred
antiserum is further shown by the lack of
effect of normal rabbit serum, or rabbit anti-
serum to guinea pig spleen, and by data from
a previous study on serum fractions(8).

Serums produced in C57BL 6Ks Mice
(Table 1I). The isoantiserum was adminis-

TABLE II. Effect of Time of Injection of Iso-

antiserum, produced in C57BL/6Ks Mice, on Sur-

vival of Homografts of a Strain A Tumor in
C57BL/6Ks Mice.

No. mice dying with

Interval between inj. tumors

of serum and t g* Q 3
Serum inj. beforet g
9 wk 0/ 3 n/3
5 0/ 3 3/ 5
1 3/ 5 5/ 5
4 to 6 hrt 14/15 20/21
Serum inj. aftert g
1day — 5/ 5
3 — 5/ 5
7 — 4/ 5
Normal C537BL/6Ks 0/ 5 /17
serum, 4 to 6 hr beforet
Nothing inj. 0/ 3 /10

* { g = tumor grafting.
t Data of 4 experiments.

tered in a single injection of 1 ml per mouse.
As with the antiserums produced in rabbits
(Table 1), the effect of the isoantiserums was
more marked as the time interval of their in-
jection, prior to tumor grafting, was de-
creased. The effectiveness of the isoanti-
serum, however, remained in evidence for a
longer time interval than did the rabbit anti-
serum. With the isoantiserum, there was a
marked transient growth of the grafts (as
compared with untreated controls) in the
mice injected as long as 9 weeks prior to
tumor grafting. This was particularly evi-
dent in the male hosts, in whom palpable
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grafts were still present 18 days after tumor
inoculation, while in the untreated controls
the grafts had completely regressed by 13
days.

In the group receiving isoantiserum 5 weeks
before tumor grafting, there was a marked
transient growth of the tumors in all 5 males.
In 3 of the 5 males, the grafts resumed pro-
gressive growth after a slight regression, with
eventual death of the mice. In the other 2
males, eventually classified as “negative,”
tumor nodules were palpable for 25 days after
grafting. The grafts in the 5 females in this
group also showed a large growth before re-
gression, as compared with untreated controls,
though they did not reach as large a size-as
in the males.

The difference between the sexes in the
rate of growth of the grafts was also evident
in the groups receiving isoantiserum 1 week
before, or on the same day as, tumor inocula-
tion. There consistently was a more rapid
growth of the grafts in the males. Another
difference between the effect of the isoanti-
serum and the rabbit antiserums was the sur-
vival of homografts in the mice receiving iso-
antiserum as long as 7 days affer tumor in-
oculation. No homografts had survived in
the mice receiving rabbit antiserum more than
1 day after tumor grafting.

Effect of dosage of antiserum and time of
administration. 'The assumption was tested
that dosage of antiserum might account for
the differences observed between the effec-
tiveness of rabbit antiserum and isoantiserum
administered ¢fter tumor inoculation. This
assumption was based on two premises: that
more antibody is needed to insure the survival
of a homograft after the immune responses of
the host had been initiated; and that more
antibody of the type ensuring homograft sur-
vival would be found, per unit volume, in iso-
antiserum than in the rabbit antiserum. Two
groups of experiments were done, one with
the gamma-globulin fraction of rabbit anti-
serum, and the other with whole isoantiserum
produced in C37BL/6Ks mice. The gamma-
globulin was used because it was known that
it is active in inducing homograft survival
(8). Furthermore, it was felt that the mice
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would tolerate better larger doses of the
gamma-globulin than of whole serum, since
it had been found that whole rabbit anti-
serum, even though heated to 56°C, will in-
duce some degree of shock, and that the
gamma-globulin fraction does not produce
this reaction(12). Gamma-globulin was pre-
pared by salt fractionation of an antiserum to
spleen from strain A/Ks mice. It was then
freeze-dried and reconstituted to the desired
concentrations, on a dry weight basis, with
sterile 0.85% NaCl.

The data for 2 separate experiments with

TABLE III. Effect of Dosage and Time of In-

jeetion of Rabbit Antiserum Gamma-Globulin on

Survival of Homografts of a Strain A Tumor in
C57BL/6Ks Male Mice.*

No. mice dying with tumors at
v-globulin dosages/mouse of

10 mg 5mg

Time ~-globu-

lin inj. after —— 1mg —

tgt (Exp.1) (Exp.l) Exp.1 Exp.2

Same day — — 5/5 5/5

1 day 5/5 5/5 5/5 —

3 — — — 0/5

4 3/4 2/5 1/5 —

5 — — — 0/5

7 2/5 0/5 1/5 —
Nothing inj. 1/5 (Exp. 1)
3,5,7,9 days after t g} 0/5 (Exp. 2)

* Gamma-globulin obtained by fractionation with
(NH,),80,. i

t t g — tumor grafting.

1 4 inj./mouse; 1 mg/inj.

gamma-globulin are given in Table III. In
the groups receiving globulin at 4 or 7 days
after tumor grafting, there is a positive corre-
lation between the amount of globulin admin-
istered and the number of mice dying with
progressively growing tumors. A marked
growth of the grafts, which was initiated sev-
eral days after the injection of globulin, was
observed in almost all the mice in these same
groups, whether or not the grafts were des-
tined to grow progressively. In many of the
grafts that eventually grew progressively, to
death of the host, this spurt in growth was
followed by a progressive diminution in size
and then a resumption of growth.

The experiment with the isoantiserum pro-
duced in C57BL/6Ks mice was carried out at
3 different dosage levels of serum, the amount
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administered per mouse being given as a sin-
gle injection of either 1.0 ml, 0.5 ml, or 0.25
ml. The data are presented in Table 1V.

TABLE IV. Effect of Dosage and Time of Injec-

tion of Isoantiserum, Produced in C57BL/6Ks

Mice, on Survival of Homografts of a Strain A
Tumor in C537BL/6Ks Male Mice.

No. mice dying with
tumors, at serum
dosages/mouse of

Time serum inj.
after tumor grafting 1ml

-~
0.5ml 0.25 ml

2 days 5/5 5/5 5/5
4 4/5 3/5 2/5
7 3/5 3/5 1/5
10 1/5 3/5 2/5
14 0/35 0/5 0/5

There is no clear-cut evidence of differences
due to dosage. In the groups of mice that
died with tumors, and that had received anti-
serum 4 days, or longer, after tumor inocula-
tion, there characteristically was an initial
growth followed by a diminution in the size
of the grafts, even for some time after the
mice had received the antiserum, followed by
a gradual resumption of growth. This experi-
ment demonstrates, incidentally, that the
grafts may remain viable in the foreign host
for at least as long as 10 days after inocula-
tion, a finding which is in agreement with pre-
viously published reports(3,13).

Discussion. The time relationships ob-
tained with the antiserums are in contrast
with those obtained in mice injected with tis-
sue extracts(5). Homografts survived in
mice inoculated with a tumor graft as long
as 11 months after the mice had received an
injection of tissue. On the other hand, tissue
injected more than one day after tumor graft-
ing did not induce homograft survival. With
the antiserums, there was a diminution of
their effectiveness as the interval of time be-
tween the administration of the serum and
the subsequent grafting of the tumor was in-
creased. This undoubtedly is attributable to
the continuous elimination of the serum by
the host. The injection of antiserum as long
as 4, 7, or 10 days after tumor grafting en-
sured survival of a significant proportion of
the homografts.

These observations, together with data ob-
tained with cortisone-treated mice(9,14), in-
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dicate that the production of antiserum in
mice pretreated with tissues may be a neces-
sary condition for the survival of the tumor
homografts. (Though the data show that the
effects of the antiserums produced in rabbits
and mice are the same, the possibility that
there are qualitative differences in their mode
of action is not ruled out.)

Three alternative hypotheses may be con-
sidered as to the mode of action of the anti-
serum. (a) The antiserum “coats” the spe-
cific tumor antigens which normally would
evoke a “homograft reaction” by the host.
Such coated antigens presumably would not
stimulate the tissues (lymph nodes(13), and
possibly other tissues) which otherwise would
react to destroy the graft. (b) The antiserum
acts directly on the reactive centers (lymph
nodes, etc.) of the host to block the ‘“homo-
graft reaction,” whether or not the animal
had been previously exposed to the immu-
nizing stimulus of a tumor inoculum. (c)
The antiserum acts directly on the graft, in-
ducing an adaptive alteration which permits
the graft to survive in an otherwise hostile
environment.

Our findings make hypothesis (a) unten-
able, since antiserum injected at 4, 7, or 10
days after tumor inoculation, led to survival
of the grafts. That these time intervals
should be sufficient to develop the immune
responses of the host has been shown by
Mitchison(13), who demonstrated that im-
munity to a tumor homograft could be pas-
sively transferred by lymph nodes taken from
mice 3 to 10 days after the donors had been
exposed to the immunizing stimulus of a
homograft inoculum.

Whether hypothesis (b) is valid cannot be
established from the data of the present pa-
per. However, from data of other experi-
ments it is believed that this hypothesis is
open to question. A fuller consideration of
this point has been given elsewhere(14).

The possibility that hypothesis (c¢) is rea-
sonable is supported by the reports of Bar-
rett and Deringer(15,16), and our own data
(12), that a tumor homograft that survives
in mice of a “foreign” strain loses some of its
transplantation specificity, since it will grow
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progressively when grafted to untreated mice
of inbred strains in which it normally would
be rejected. Barrett and Deringer used a
transplantable tumor, indigenous to the C3H
strain, that had been grown in F; (C3H x
C) mice. Though the tumor grew in 100%
of the F; mice, these hosts can be considered
as “foreign” to the tumor to the extent that
half of the animals’ heredity came from strain
C parentage. When grafts derived from the
“F,” hosts were implanted into backcross
(F; x C3H) mice, three times as many mice
died with progressively growing tumors, as
compared with backcross mice receiving their
grafts directly from C3H mice. Barrett and
Deringer(15) concluded that “ . . . for the
moment it is best to describe (the change in
the “F,” tumors) more loosely as an induced
adaptation in the tumor.” In our own case,
the altered grafts came from a strain of mice
in which survival of the tumors had been in-
duced by pretreating the hosts with freeze-
dried tumor tissue. On subsequent trans-
- plantation, the tumors grew progressively in
untreated mice of an inbred strain which nor-
mally rejects the tumor. However, for rea-
sons unknown, this change in graft specificity
was lost after 7 transplant generations. An
accelerated tumor growth in mice pretreated
with killed tumor tissue, even in animals of
the strain to which the tumor is indigenous,
has been reported by Casey, Laster, and Ross
(17). This characteristic was retained in
subsequent transplant generations. Whether
these examples are pertinent to our case
would depend both upon the demonstration
of the production of antiserum under the ex-
perimental conditions used by these investi-
gators, and the effects of such an antiserum, if
it is produced, upon the growth characteris-
tics of the tumor grafts.

Another point brought out by our data is
that the effects of the antiserums injected
prior to tumor grafting are indicated not only
by those cases where the grafts grew progres-
sively, with eventual death of the host, but
also by the numerous instances in which
there was a marked transient growth of the
grafts before they regressed. The latter cases
are most probably an expression of submini-

437

mal doses of antiserum present in the host at
the time of tumor inoculation. It may be
assumed that the number of tumor cells af-
fected by the antiserum was insufficient to
ensure continued progressive growth of the
grafts.

In conclusion, it is emphasized that a defini-
tive answer as to the mode of action of the
antiserum must await further experimenta-
tion, and that the mechanisms involved may
be concerned with processes as yet unknown,
and perhaps other than those that have been
considered in this paper.

Summary. Passively transferred antiserum
to mouse tissues, produced in rabbits or mice,
will induce the survival of a tumor homograft
in mice. The best effect, in terms of homo-
graft survival, is obtained if the antiserum is
administered to the prospective host shortly
before, or shortly after, tumor grafting. The
possible mode of action of the antiserum in
ensuring homograft survival is considered.
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