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In a series of papers one of us analyzed the reactions of the host
against auto, syngenesio, homoio and heterotransplants.1 Definite
relations were found between the intensity of the lymphocytic and
connective tissue reactions and the genetic relationship between host
and donor. The similarity or differences between the individuality
differentials of host and transplant largely determined the effects of
the transplantation. These relations between individuality differ-
entials decided whether the substances given off by the transplant
affected the host as normal auto substances or as toxins of various
intensities (syngenesio, homoio, heterotoxins). In the case of auto-
transplantation, there exists an identity of individuality differen-
tials. The intensity of the reactions appearing after transplantation
furnished a quantitative measure of the similarity or difference be-
tween individuality differentials. It was to be assumed that through
long-continued inbreeding the individuality differentials among the
members of the inbred family would gradually become more and
more alike. In addition to these primary factors affecting the indi-
viduality differential there were active secondary factors of a non-
genetic character.
Under these conditions it was of interest to extend these experi-

ments to inbred strains, and this paper deals with the results ob-
tained in the exchange of tissues in families of g inea-pigs which have
been inbred in the United States Department of Agriculture since
I906. Five different families have thus been developed through
continued sister and brother matings (2, I3, 32, 35 and 39). How-
ever, the degree of homogeneity in the various families differs.2 In
addition, control experiments were made in which tissues were ex-
changed with members of a B group. In this group, originally de-
rived from the same stock as the inbred families, matings as dose as
those between second cousins have been avoided. These latter

* Received for publiction February 25, 1927.
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experiments approached therefore homoiotransplantations.* Each
guinea-pig was checked by a number assgned serially and given
here in brackets. Each inbred mating is designated by three figures.
The first is the family number (2, 13, 32, 35 and 39); the second is
the number of generations of brother-sister mating since the founda-
tion (0) mating of the family; while the third is arbitrary. Experi-
ments 2N,Y and 35I involve only families 2, 13 and 35 respectively
but are not brother-sister matings. Exeriment CO is composed of
crosses between inbred families.

I. TRANSPLANTATIONS IN I SAME FAMY, HOST AND DONOR
NOT BE1NG NEARLY RELATED

Sr~IEs A. Experimens in which the examination took place within
t-o motks folowing transpattion. Weight of guinea-pigs in most
cases varying between 200 and 500 gm.

I. Fromguinea-pig32-17-I0 (156II) to guinea-pig32-I98 (21),
40 days. Both thyroid and cartilage transplants are like perfet
autotranslants, as far as structure and lack of increase in lympho-
cytes and connective tissue are concemed. Grade 6.

2. From 2-17-10 (5959) to 2-17-5 (15694) 50 days. Thyroid,
parathyroid, and cartilage autotransplants. Grade 6.

3.-Y-4 13-20I2 (i6o39) to Y-7 13-2I-26 (16029) 40 days.
113-119-5 J 13-19-6 j

Syngenesio-reaction. Grade 5. Thyroid shows auto-structure, but
there is much lymphocytic infiltration in certain areas of the center.
From here lymphocytes penetrate between acuni toward periphery
and surround some acni. Around a vessel traversing the ring of
acni are lymphocytes. In other places the center is free from lym-
phocytes. Cartilage trnsplant with areolar tissue is well preserved;
but there is some increase of connective tissue around the crtilage
and an mcomplete mantle of lymphocytes.

4. From 32-17-II (I5575) to 32-17-8 (I5634) 40 days. Thyroid
autotransplant. Grade 6.

5. From 13-19-9(15649) to 13-20-5(15563)35 days. Syngenesio-
reaction. Grade 5. Thyroid with auto-structure; parathyroid well
preserved, but intense lymphocytic inliltration around and in para-
thyroid, and in places in the periphery of the thyroid. In various

* These figures have been mentioned in a previous pper.
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places small parts of thyroid have been destroyed by lymphocytes
which accumulate around vesses. Normal crtilage surrounded by
areolar and fat tissue, with only a slight increase in connective tissue
and lymphocytes.

6. From 13-20-5 (15563) to 13-20-I3 (15782) 31 days. Syn-
genesio-reaction. Grade 5. Lobes of thyroid were transplanted
(parts of the transplants were used for retransplantation). Structure
of autotransplants, but in center there is moderate, although dis-
tinct, lymphocytic infiltration; lymphocytes penetrate also between
acmi and surround and destroy some of them. Moderate increase of
connective tissue between acim.

7. From 32-18-9 (20865) to 32-19-9 (i69oo) 38 days. Resembles
autotrausplant. Grade 6.

8. From 2-i8-4 (I5693) to 2-I6-I6 (I5590) 49 days. Syngenesio-
reaction. Grade 5. Wel preserved thyroid. Considerable lympho-
cytic infiltration penetrating a little toward periphery and also into
parathyroid. Slight connective tissue increase around artilage.
Slight increase of lymphocytes in areolar tissue.
Eight experiments constitute this series. In four cases an auto-

reaction was obtained; in four cases a syngenesio-reaction. In the
latter cases the transplant first began to develop as an autotrans-
plant, but later, lymphocytes began to invade the transplant and
even connective tissue penetrated between some of the acani. We
have, therefore, in these cases to deal with syngenesio-reaction.
Auto-reactions were found 38, 4o and 50 days after transplanta-
tion, syngenesio-reactions 30-50 days after transplantation. Auto-
reactions were obtained in families 32 and 2, syngenesio-reaction in
family I3, and in onecasein family 2. Ihere can be no doubt that a
difference existed in the constitution of the individuality differen-
tials in the members of families 13 and 2 which showed syngenesio-
reaction. In the two cases in family 32 and in one case in family 2
the reactions did not indicate a difference in individuality differen-
tials, but this does not necessarily exdude the possibility that such
a discrepancy would not have been revealed if we had extended the
experiments over a still longer period. On the other hand we can
state definitely that the members of the same inbred family are more
nearly akin to each other as far as the constitution of their indi-
viduality differential is concerned, than in ordinary guinea-pig
families where brothers are related to each other.
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SER s B. In a second similar sries th czamination took place at
a still later date in the majority of cases. In these experiments the
weight of the animals was generally greater, in accordance with the
greater age of these guinea-pigs.

i. From I3-20-5 (15563) to 13-2-13 (15782) 5 monts, 2 days.
Transplanted thyroid was not found.

2. From Y-7 3 J (16029) to 13-20-13 (15782) 5 mOnhs,
Ii3-I9-6'

12 days. In this case there is a decided syngenesio-reaction. A part
of the transplanted thyroid was preserved and the acni contain
well formed colloid. But there is much lymphocytic infiltration.
The lymphocytes penetrate everywhere between the acini and even
into the epithelium and destroy it. There is also some increase of
fibrillar connective tissue around some acini. Lymph vessels are
filled with lymphocytes. Large masses of these cells surround and
encompass acini which have lost their colloid. Grade 4.

3. From 2N-27 (I8040) to 2-17-14 (I8450) I02 days. Thyroid
and cartilage were perfect autotransplants. Grade 6.

4. From 13-19-15 (I8317) to 13-21-7 (I8493) 102 days. Thyroid,
parathyroid and artilge with surrounding tissue resemble auto-
transplants, except that in one place in the crtillage transplant
there was a slight collection of lymphocytes around a vessel; this
latter condition may still come within the range of autotransplant.
Grade 6 or 5.75.

5. From 2-I16-I16 (15590) to 2N-26 (I5673) 104 days. Auto-
reactions in thyroid and artilage transplant. Grade 6.

6. From32-I9-8 (5634) and 32-19-8 (I5633) to32-19-9(169oo)
37days. Two thyroids,and parathyroids transplanted. Auto-reac-
tion, except that in one place in the center there is a considerable
lymphocytic infiltration. Grade 5.60.
The six experiments of this series confirm and extend the condu-

sions of the first series. Experiment i is uncertain as to the interpre-
tation of the results, no thyroid transplant having been found after
5 months, 12 days. It is possible that the transplant has been de-
stroyed after such a long period, especially considering the fact that
transplantation was carried out in family I3, in which there is ap-
parently a greater tendency on the part of the host to react against
the transplant from another individual of the same family. A
marked reaction was obtained in family I3 in the second case follow-

254



TRANSPLANTATION DIFFERENTIALS

ing a transplantation extending over a long period of time. In the
fourth case, on the other hand, we find after almost three and a half
months a condition approaching that found in autotransplants. It
is, of course, to be assumed that in certain combinations of animals
of this family the individuality differentials may happen to be iden-
tical or almost identical. In two experiments in family 2 the results
indicated an identity, or a condition almost approaching identity, of
the individuality differentials. In one experiment in family 32, ex-
tending over 37 days, the result at present is imilar to that obtained
in autotransplantation, but there is some indication that with an
extension of the experiment, the differences between the individu-
ality differentials would come out definitely. These experiments
then demonstrate the lac of identity of individuality differentials
in family I3 and probably also in family 32. The pdigree analysis
indicates that the large number of reactions not auto in family I3 is
probably due to the large number of experiments in which host and
donor had less th:n IO generations of common inbreeding. At the
same time these experiments prove that the similarity of individual-
ity differentials is still greater than appeared in the first experiment,
inasmuch as even after relatively long periods of time the conditions
obtained may still correspond to those found in autotransplantation.
And even where, as in some cases in family 13, a definite discrepancy
between the individuality differentials has been found, the latter are
still much more dosely related than the average of the individuality
differentials of brothers in non-inbred families of guinea-pigs.
These experiments demonstrate anew the great sensitiveness of

the lymphocytic reaction which may appear at a very late stage of
transplantation and then exert a destructive effect in case the syn-
genesio toxins are very weak. There may be also associated with this
lymphocytic reaction a secondary slight proliferation of the connec-
tive tissue in the transplant.
SERIS C. Transplantation of tissues from a hybrid tn two

inbred species to another hybrid of similar constitution.

I. From C-O~-297 f 2-17-8 (I 7093) (3 o gm.) to
, 35-23-10 J

C-O-234 { 37 }(I588o) (63 -82gi)
31 days. Thyroid with auto-structure; in one place in center there
is a considerable lymphocytic infiltration; the lymphocytes infiltrate
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also parathyroid and surround some acini of thyroid. Cartlage
similar to autotransplant; but there is in places in the surrounding
areolar and fat tissue a slight increase in connective tissue with
some lymphocytes around vessels. Near such places in fat tissue
are found some giant and epithelioid cells; elsewhere fat tissue is
free from the latter structures. Grade 5.

2. From C-O-285 f32--2 (I5942) to
C-O-24o 327I " 193

,.35'i-i
35 days. Thyroid and crtilage resemble autotransplant. Grade 6.
The number of experiments i this series is too sa to allow of
any definite condusion.

SEE=FS D. Successive transplantaion in the samefamily. In a few
cases, pieces were transplanted to an anima of the same strain, and
after these pieces had been in the first host for some time, they were
removed and retransplanted into a second host belonging likewise to
the same strain. After a certain period these retransplanted pieces
were taken out and examined microscopically.

i. First transplantation. From I3-20-5 (I5563) and from

Y-7 { 3-I22 (I6029) to I3-2o-13 (I5782) 3I days.

Second transplantation. 13-20-13 (15782) to 3-I8--9 (I6174) 23
days. Thyroid shows structure of autotransplant: a ring of acini
with a s amount of connective tissue in center. The majority of
acni contain colloid, others do not. Between acini there is fibrillar
connective tissue with much lymphocytic infiltration; a number of
acani have been destroyed by lymphocytes or connective tissue. The
lymphocytic infiltration is in places moderate and in others more
marked,though not overwhelming. Lymphocytes invade some acni.
Grade 3.75. Here in family I3 is a very decided syngenesio-reaction.
The piece was in a strange host during a period of 54 days. The
marked reaction found in this case is in accordance with the fact
that the second host, I6174 (13-I8-9) bad only 7 generations of
brother-sister ancestry in common with either of the donors.

2. First transpltation. Cartlage traplanted from guinea-pig
13-21-19 (20898) to 13-20-17 (2076I) 6 days.
Second transplantation, 13-20-17 to 13-23-I (20986) 7 days.

Duration of experiment 13 days altogether. The original cartilage
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though showing areas of necrosis, also shows some newly-formed
perichondrial cartilage. The fat tissue which is preserved is invaded
in places by connective tissue. There is much fibrfllar connective
tissue around the cartilage. In the absence of a lymphocytic infil-
tration it is doubtful whether the connective tissue increase is to be
considered as a specific reaction against the transplant.

3. First transplantation. Four thyroids from two guinea-pigs
32-1i-8 (15634 and 15633) to guinea-pig 32-19-9 (i6goo) 37 days.
The specmen is like an autotransplant or nearly so, with perhaps a
slight increase in connective tissue.

Second transplantation, 32-I99 (I6900) to brother 32-19-9
(I6899) 4 months, 9 days. Thyroid is like an autotransplant with
low to medium-sized epithelium of acini which are dose together
and contain solid, much retracted colloid. There is a small amount
of fibrous tissue in the center. The transplant is surrounded by
fibrous tissue. The parathyroid is negative, although in the capsule
around the parathyroid there are some lymphocytes. Grade 6 or
5.75. In this case the second transplantation was made into the
brother of the first host. The total duration of experiment 2 was
five and one-half months, and yet no definite reaction against the
tissue has occurred. This demonstrates the great similarity of in-
dividuality differentials in this case. These experiments further
demonstrate the feasibility of serial transplantations with as sensi-
tive an organ as the thyroid gland, provided the individuality
differentials of the hosts are similar to those of the donors.

SERES E. Multiple simultaneous transplantaions in the same
family, with examination within 6 weeks after transplantation. In this
and in the following series the variety of organs which were trans-
planted was enlarged; in addition to thyroid, parathyroid, and car-
tilage, such organs as spleen, adrenal, liver, pancreas, and bone,
were also transplanted. In the first experiments four thyroids from
two different donors were transplanted. It was of interest to test
how more sensitive pieces of organs or tissues would behave under
the favorable conditions in which the individuality differentials in
host and donor are so similar to each other. Five experiments were
made in this series.

I. 33-.19-8 (15634) four thyroid lobes to 32-199 (16900)
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37 days. Two thyroids examined. Both lobes behave like or almost
like autotransplants, but there are collections of lymphocytes in
lymph vessels and in various places in the fibrous tissue around the
thyroid transplant. Grade 5.60.

2. Liver, spleen and pancreas from I3-i9-9 (I5648) to I3-I8-io
(I6787) 36 days. The spleen shows lymph follicles in its periphery,
pulp with blood sinuses and strands of hyaline connective tissue
probably corresponding to trabeculae. Perhaps in the periphery of
the capsule there is some lymphocytic infiltration. The lymph
foijicles have larger cels in their centers and smaller cells in the
periphery. In the liver, the bile ducts are preserved and are actively
proliferating, showing mitoses. They are surrounded by a fibrous
capsule with slight lymphocytic infiltration. The liver tissue is well
preserved, and apparent transitions between bile ducts and liver
tissue are visible. Mitoses seem to occur in the liver ceDs. There
are small collections of lymphocytes here and there in the liver
tissue. The pancreas shows only fat tissue with an epitheloid, giant
cell and lymphocytic infiltration. Grade about 5.5o.

3. Adrenals from Y-4 I I3-I 1 (I6038) to I3-I8-IO (I6788)
13-19-15 J

36 days. Normal adrenal tissue. There are cells containing yellow
pigment; and fat cells are also present. In places, cholesterin crystals
are surrounded by foreign body giant cells. There is fibrillar connec-
tive tissue in the periphery. No lymphocytic infiltration. Grade 6.

4. Two thyroids from 13-I8-IO (I6787) and one spleen from
13-21-II (21I6I) to 13-21-19 (20897) 27 days. Thyroids and para-

thyroids closely resemble autotransplants, showing very little
lymphocytic infiltration in the center. Spleen contains Malpighian
bodies with large endothelial cells in their centers. There are
mitoses in and around lymph follicles; pulp with blood vessels and
some connective tissue; mitoses in the endothelium of the sinuses;
hemorrhage, and in the periphery of the trnsplant, collection of
lymphocytes. Grade 5.25.
These experiments prove again that in family I3 a complete

homogeneity of individuality differentials has not yet been attained.
As in our previous experiments the individuality differentials re-
semble each other more on the average than the individuality differ-
entials of brothers in non-inbred families. We find that spleen,
adrenal, and liver tissue can be successfully transplanted in such
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inbred families. Especially in the liver transplant, mitoses are found
in bile ducts as well as in liver cells as late as 36 days after trans-
plantation.

SERIES F. Multipk simultaneous transplantations in the same
family, examination taking place more than four months after trans-
plantation.

i. Thyroid, cartilage, bone, liver and adrenal from 32-20-9
(23396) to 32-20-7 (23588) 129 days. Thyroid, parathyroid, car-
tilage, bone marrow with megalokaryocytes preserved; bone and
proliferating zone of cartilage near bone well preserved. Liver not
definitely found. Grade 6.

2. Thyroid, cartilage, liver and adrenal from 13-23-3 (23525) to
13-21-13 (23448) i32 days. Thyroid, parathyroid, cartilage, bone,
with zone of proliferating cartiage cells, bone marrow, with myelo-
cytes, leucocytes, megalokaryocytes, well preserved; perhaps some
slight connective tissue increase in bone marrow. No adrenal or
liver found. Grade 6.

3. Thyroid, cartilage, adrenal, and liver from guinea-pig I3-23-5
(23525) to I3-21-3 (2366o) i32 days. Thyroid: in center a consider-
able mass of lymphocytes. Some lymphocytes penetrate between
acini. Also in fat tissue, a mass of lymphocytes. Connective tissue in
center and elsewhere increased. Good ring of acini with good colloid.
Cartilage resembles autotransplant; bone marrow well preserved.
No definite liver or adrenal tissue found. Grade 4.75?

4. Thyroid, cartilage and adrenal from 32-20-9 (23396) to
32-I9-6 (2360I) 129 days. Thyroid: lymphocytic infiltration in
center and fat tissue, which extends also between acini: parathyroid
markedly infiltrated and destroyed by lymphocytes. Around car-
tilage perhaps very slight increase in fibrous tissue and a few lympho-
cytes. Proliferation zone and cartilage cells near bone preserved.
Bone marrow preserved, (megalokaryocytes, leucocytes) but much
lymphocytic infiltration and connective tissue increase in peripheral
parts. No adrenal found. Grade 5.

5. Thyroid, adrenal and liver from 2-I7-30 (23458) tO 2-17-i8
(23551) IS2 days. Thyroid: acinicdose together with colloid; in
addition numerous other acini without colloid and some of these
compressed. Over large areas very sa acni with colloid staining
red with eosin. The acinus cells of the small aCini may be destroyed.
In many places the thyroid appears stfll like an autotransplant; but
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an intense lymphocytic infiltration is beginning in other places, the
appearance is that of a lymph gland and the thyroid is being de-
stroyed. The lymphocytes infiltrate also the interstices between
acini and later enter the acini. Apparently some remnants of liver
in the form of yellow tissue; much fibrous tissue formation and dense
masses of lymphocytes. Lymph vessels filled with lymphocytes.
Grade 4. This case illustrates the secondary late infiltration and
destruction of syngenesiotransplants by lymphocytes.

6. Thyroid, cartilage, adrenal and liver from 2-17-30 (23458) to
2-I9-I3 (23347) i32 days. No thyroid or liver found. Cartilage
well preserved, but some lymphocytic collections around cartilage
and in fat tissue; they are larger than they would be in autotrans-
plants. Well preserved muscle tissue, probably transplanted. Tissue
consisting of yellow vacuolar cells with nuclei, surrounded by fibrous
tissue with lymphocytic masses. Tissue largely infiltrated and de-
stroyed by lymphocytes. (Adrenal?) Grade 4.75?

7. Cartilage, ovary, liver, adrenal from 32-23-2 (23420) to
32-i8-7 (2Io67) I29 days. Well preserved cartilage and bone, sur-
rounded by fat tissue. NTo increase in connective tissue, no lympho-
cytes. Proliferating zone of cartilage cells near bone. Bone marrow
preserved. Cartilage partly vacuolar and dissolved; no lymphocytes.
Ovary; preserved follicles of all sizes and normal ova, foUicles in
stage of granular degeneration, some atretic follicles. Germ layer:
fibrillar connective tissue and muscle tissue well preserved. Medul-
lary ducts; almost normal ovary. Liver and adrenal not found.
Grade 6.

8. Cartilage, ovary, spleen from 2N-3I (I9W8) to 2-I7-23
(23428) i32days. Cartilage well preserved surrounded by fibrillar
connective tissue. Distinct lymphocytic infiltration around cartilage.
Over wide areas no lymphocytic infiltration. Two ovaries with
much fibrous tissue and dense lymphocytic infiltration; also fimbria
epithelium with lymphocytic infiltration. Atretic follicles with zonae
pellucidae. One of the two ovaries has no good follicles, the other
has primordial follicles with normal ova, small follicles partly with-
out ova, and medullary ducts, the epithelium of which has been
penetrated by lymphocytes. Spleen consists of fibrous tissue with
hemorrhage. Connective tissue grows into transplant. Apparently
some reticulo-endothelial tissue left. There is lymphocytic infiltra-
tion. It is diifficult to determine how much of these lymphocytic
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masses are Malpighian bodies of the transplanted spleen and how
much represents lymphocytic infiltration on the part of the host.
Grade 4? It is interesting to compare exPeriments 7 and 8. In
exPeriment 7, the transplants behaved like autotransplants and the
ovaries are in excellent condition. In experiment 8, there is decided
syngenesio-reaction with lymphocytic infiltration, affecting also the
ovaries; here the condition of the ovaries is much inferior.

9. Cartilage, spleen, testicle, pancreas from I3-22-II (23543) to
13-21-13 (208o8) I32 days. Cartilage normal, surrounded by fat
tissue; in places small collections of lymphocytes around vessels.
Very small collections of lymphocytes next to perichondrium. Testi-
cle; tubules surrounded by much lymphocytic infiltration; no sper-
matozoa. Sertoli cells preserved. Spleen; sinuses separated by
connective tissue; lymph follicles with large endothelial cells, some
showing mitoses. Hemorrhagic areas into which connective tissue
grows. Several serous cysts with much lymphocytic infiltration.
Grade S.
In three of these nine experiments the grade was 6; namely in

families 32in two cases, in family I3 in one case. In six experiments
the results corresponded to syngenesiotransplantation. Grade 5, in
family 32and 13. Grade 4.75 in family 2and 13. Grade 4 in two
transplantations in faMily 2.
In f lies 32, 2 and 13 there was therefore non-identity of indi-

viduality differentials. The correspondence in the behavior of dif-
ferent organs in the same experiment is of interest; our previous
results are thus confirmed. Of interest also is the late invasion of
these transplants by lymphocytes. The invasion can become over-
whelining and in the end destroy the transplant. Thyroid, cartilage,
bone, bone marrow, parathyroid and ovary can relatively easily be
transplanted; somewhat less readily spleen. Liver and adrenals were
usually not found four months or later following transplantation.
While thus individuality differentials are not yet identical in these
families, they have reached a stage where they have become very
similar to each other within the same family.
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II. HOMOIOTRSPLANTATIONS AS CONROL ExPERrwir

Three kinds of control experiments were carried out.
A. Transplantations from one inbred family to another inbred

family.
B. Transplanttions in control stock B. These are guinea-pigs

which originally are from the same stock from which the inbred
families were derived, but in this B stock, matings as dose as those
between second cousins have been avoided.

C. Transplantaions from B stock to a totally unrdaWtd stock ob-
tained in St. Louis. It will be possible to report on those control
experiments very briefly because they behave like typical homoio-
transplantations, on which one of us has reported previously on
several occasions.

SRREs A. Exchange of tisue between tS inbredfamilies.
I. From family 32 to family 2. 20 days. Thyroid in part pre-

served, in part infiltrated and destroyed by connective tissue and
lymphocytes. In dense fibrous tissue much lymphocytic infiltration.
Also parathyroid infiltrated by lymphocytes. Cartilage: part of fat
tissue replaced by fibrous tissue; lymphocytic infiltration in fat
tissue and around artlage. Grade 3.25.

2. From family 32 to family 13. 20 days. Thyroid: only fibrous
tissue. Cartilag: partly necrotic; surrounded by fibrous tissue.
Lymphocytes around artilage. Bone marrow replaced by fibrilar
connective tissue. Grade Ii.

3. From family 32 to family 2. 20 days. Thyroid: intense lym-
phocytic infiltration, some sa areas of thyroid preserved. Car-
tilage with some perichondrial regeneration. Intense lymphocytic
infiltration and connective tissue around cartilage; only slight
amounts of fat tissue preserved. Grade 2.5.

4. From family 32 to family 35. 21 days. Thyroid: some com-
pressed acini without colloid, a few acuni with colloid. Fibrous tissue
and much lymphocytic infiltration between acini. Fibrous tissue
around artilage; fat tissue with thickened septa. Distinct lympho-
cytic infiltration. Grade 2.75.

5. From family 32 to family I3. 2I days. Thyroid not found.
Cartilage with lymphocytic infiltration. Bone marrow transformed
into myxoid connective tissue. Grade i.5.
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6. From hybrid 35 plus 32 to hybrid 39 plus 13. 35 days. No
thyroid left. Cartilage surrounded by dense fibrous tissue; mked
lymphocytic infiltration. Proliferative zone of age near bone
necrotic. Bone marrow replaed by fibrillar connective tissue and
lymphocytes; capilaries with connective tissue penetrating into
bone. Grade i.
Average grade in this series is 2.

SERIs B. Transplanion in control stock B.
I[. B-ii6854 to B I6870. 24 days. No thyroid (fibrous tissue

only); artiage mostly surrounded by fibrillar connective tissue,
with much lymphocytic infiltration. Grade i.

2. B-I6870 to B-I6854. 24 days. Grade I.
3. B-i6854 to B-I6870. 24 days. Grade i.
4. B-i6870 to B-I6854. 24 days. Grade i.
5. B-i6853 to B-I6872. 25 days. Thyroid: around necrotic con-

nective tissue some acini surrounded by fibrous tissue with no, or
very little, colloid. Lymphocytes infiltrate acuni. Cartilage sur-
rounded by fibrilar connective tissue and areolar tissue with fibrous
septa. Lymphocytic mantle around artge. Grade 2.

6. B-I568i to B-i5536. 25 days. Thyroid verysa. In fibrous
tissue, infiltrated with lymphocytes, are small lumina of acini with
remnants of colloid. Epithelium hardly recognizable. Fibrilar con-
nective tissue with lymphocytes surround these acini, which are in
process of destruction; many have already been destroyed. Hyaline
fibrous tissue in center. Cartilage preserved, surrounded by fibrous
tissue with variable amounts of lymphocytes. Remnants of areolar
tissue. Lymphocytes penetrate a little into peripheral crtilage.
Grade 2.25.
Average grade, 1.37.

SERIES C. Transplantation from B stock to unreatd St. Louis
stock.

i. B to Bu. 40 days. Compressed remnants of thyroid; lympho-
cytic infiltration. Fibrous tissue around cartilage. Lymphocytes
penetrate into periphery of cartilage. Grade 2.

2. B to Po. 20 days. Lymphocytes penetrate into periphery of
perichondrium. Grade i.

3. B to Po. 3o days. No thyroid. Lymphocytes penetrate in
places into age. Grade I.25.
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4. B to Bu. 40 days. Grade i.
Average grade I.31.
Comment. The differences between these three series of homoio-

transplantation and the six series in which transplantations were
carried out in the same family are very striking; in the former the
total average grade is i.6; in the latter series the average grade is
5.28. Of course, these figures can only daim to be approximate.
We may state that the average grade in the transplantations within
the same family is between 5 and 6, but nearer 5 thn6. There is an
indication that families 32 and 13 are more strange to each other
than families 32 and 2 or 32 and 35. However, this point needs fur-
ther investigation. Of interest is also the marked reaction against
tissues of hybrids in homoiotransplantation.

Im. TRANSPLANTATION FROM BROTHER TO BROTER WITHN
AN JNwRnER FAEmy

When, in an ordinary non-inbred strain, transplantations from
brother to brother are carried out, the results are better than in
ordinary homoiotransplantation, or in syngenesiotransplantation
between children and parents or vice versa.- It was of interest to
determine whether in case of brother to brother transplantations
within the inbred family the results would equal those of autotrans-
plantation, and whether the indivduality differentials between
brothers in the inbred family had become identical.
We carried out two series of experiments in this direction; in the

first one, series A, we used individuals belonging to the same family
and in series B we exchanged tissues between brothers which were
hybrids, the parents belonging to different inbred families.

SFRTFS A:
I. From 35-23-8 (I6715) to 35-23-8 (I6716) 5 months, I6 days.

Thyroid and parathyroid behave like autotransplants. Grade 6.
2. From 32-19-9 (I6900) to 392-19 (16899) 4 months, 9 days.

Grade 6 (induded among successive translantations).
3. From 2N-26 (15673) to 2N-26 (15674) 6i days. Grade 6.

Thyroid with auto-structure, acini dose together. Solid retracted
colloid, medium-sized epithelium. In one place there is a small num-
ber of lymphocytes. Cartilage well preserved, surrounded by areolar
and fat tissue. No lymphocytes.
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4. From Y-41I322}(I6039) to Y 4T I3-2I-2 (I6o38) 4odays.
Transplant with striated musde well preserved. Grade 6. (The
corresponding transplantation to a relative a little further removed
produced a syngenesio-reaction.)

5. Thyroid; cartilage and salivary gland from 2N-20 (I56I8) to
2N-20 (156I9) 39 days. Grade 6.

6. From 2-I8-4 (15693) to 2-I8-4 (15692) 49 days. No connec-
tive tissue, new formation, nor lymphocytes. Grade 6.

7. From I3-I9-9 (I5649) to 13-19-9 (I5648) 35 days. Thyroid
with auto-structure, but in places in center and between acini around
vessels are masses of lymphocytes surrounding and destroying acni.
In a corresponding transplant in more distantly related animals of
the same kind, there is much more lymphocytic infiltration than in
brother to brother transplantation. Cartilage partly necrotic. Re-
generating perichondrial cartilage infiltrates and replaces the ne-
crotic cartilage. Connective tissue grows as papillae into necrotic
cartilage, and the individual connective tissue cells grow also singly
into it. Bone seems to have been produced in places where there was
necrotic cartilage. In areolar tissue around cartilage some increase
in connective tissue. Some megalokaryocytes, new bone marrow.
Grade 5.

8. From 32-I7-IO(I56II) to 32-I7-IO(I56o9) 40 days. Grade 6.
9. From 32-I7-II (I5575) to 32-I7-II (I5574) io days (died).

Grade 6.
IO. From 2-17-IO (15959) to 2-I7-IO (15960) 5o days. Grade 6.
II. From 2-I7-5 (I5695) to 2-I7-5 (I5696) 30 days. Grade 6.
I2. From 2-I7-5 (I5695) to 2-I7-5 (I5694) 30 days. Grade 6.
I3. From 2N-20 (I56I7) to 2N17-20 (I56I6) I2 days (died). Thy-

roid: very little lymphocytic reaction, but in places around the
vessels there are small collections of lymphocytes. Cartilage similar
to autotransplant. Grade 5.25.

I4. From 2N-20 (I56I7) to 2N-20 (I56I9) 45 days. Grade 6.
Comment. In these I4 experiments the examinations were made

after five months, sixteen days; four months, nine days; 6i, 50, 49, 45,
40, 40, 39, 35, 30, 30, 12 and IO days. In twelve cases the grade was
6, which means that the pieces showed the character of autotrans-
plants; the individuality differentials between brothers in the same
inbred family were identical as far as this test indicates. But this
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statement is correct only with the reservation that possibly a reac-
tion might still have occurred, if the pieces had been allowed to stay
in the host for a still longer period of time. Therefore, we can only
say definitely that in these twelve cases the individuality differen-
tials of brothers closely approached or perhaps reached the condition
found in autotraslant. The families in these twelve cases were:
35, one case; 32, three cases; 2, six cases; 13, two cases. In one case
in family I3 there was a distinct syngenesio-reaction (Grade 5) and
in one case in family 2 there was probably a very mild syngenesio-
reaction (Grade 5.25). It is again family I3 in which individuality
differentials are so distinctly divergent that even against the tissues
of brothers a reaction is elicited; probably also in family 2N identity
between the individuality differentials of brothers has not yet been
entirely reached. The latter result is in accordance with the mixed
breeding (within family 2) of mating 2N-20. The average grade in
this series was 5.87 or 5.92 if experiment 13 is omitted.

SERIES B. I. C-i-58 13-I3-6 (i6o5o) to
132-14-13J

C-I-58 :13_13 }6 (16052)32-14-13 J
40 days. Two transanted lobes of thyroid with structure of auto-
transplants. Well preserved parathyroid. Marked lymphocytic
infiltration in center of thyroid and in parathyroid, and some infil-
tration between acini. Lymphocytes have infiltrated and destroyed
a great part of areolar tissue. Cartilage and striated muscle tissue
well presrved, surrounded by good areolar tissue; connective tissue
penetrates into necrotic crtilage; around vessels and a e in
places a slight mantle of lymphocytes. Grade 5. We have here to
deal with the F2 generation of hybrids between families i and 32;
this fact may explain the lack of auto-reaction in this case.

2. C-O-23I 39-14-10 (I589) to C-O-237 f3914I (I5893)~"2-13-7 J 2-13-7
35 days. Thyroid and rilage about hlke autotransplants. Very
slight lymphocytic collections in center which are probably still
within the range of that found in autotansplants. Grade about 6.

3. C---237 39 (40 589I) to C--023737 (i58)
35 days. No lymphocytes. No increase in connective tissue.
Grade 6.

2066



TRANSPLANTATION DIFFEREMNIALS

4. C--268 f3 69-4- (I6023) to C--268 39-14-9I7 J (16025)3934-7 (105
35 days. Thyroid and cartilage. Grade 6.

5. C-O-252f I3-5I43I(I6795) to C--252 13- I | (I6794)~32-I5-14.~ to252 I53-4.(
25 days. Thyroid approaching autotransplant; some slight diffuse
lymphocytic infiltration in center; also in small peripheral area some
lymphocytes. In places around cartilage a slight amount of newly
formed connective tissue. Grade 5.5.

6. Reciprocal to (5): i6794 to I6795. Thyroid and cartilage,
25 days. Grade 6.

7. C-O--234{ 3-1-7 (I7078) to C-O--234{ 21367 I(17079)
35 days. Thyroid like autoptranslant. A small number of lympho-
cytes around vessels in center, probably within the range of that
found in autotransplantation. Cartiage like autotransplant.
Grade 6.

8. C-{}285 2}5I (I6756) to C-C-285{3521 (I6757)8.C4II~~z8532-115-15, 35-15-15.1177
26 days. Thyroid like autotransplant; cartilage perhaps with slightly
increased connective tissue and with some lymphocytes. Grade 5.75?
Commen. In these eight experiments the time of examination

varied between 40 and 25 days. In five experiments the grade was 6.
The hybrids in these cases were combinations of 39 PlUS 2; 39 plus
32; I3 Plus 32; 2 Plus 35. In three cases the transplants were not
identical with autotransplants. The combinations and grades in
these cases were as folows: I3 Plus 32, grade 5; I3 Plus 32, grade5.5;
35 plus 32, grade 5.75. In the case of the last of these hybrids, ex-
periment 8, it is doubtful whether grade 6 has not been reached. In
experiments 5 and 6 (hybrid 13 plus 32) recprocal transplants did
not give exactly the same result, although the reactions in both cases
were similar. It is again those hybrids, into whose composition
family I3 entered, that do not yet reach the identity of individ-
uality or 5.9I if we exclude experiments III A-I3 and III B-i
differentials in brothers. The average grade in this series is 5.78,
5.89 if we omit experiment m B-i, or 5.9I if we exclude experi-
ments III A-i3 and III B-i. The average grade in series A and B
combined is 5.84. These average grades also indicate that a perfect
identity of the indivduality differentials has not yet been reached
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in all cases, although on the whole they dosely resemble one another.
The figure for the average is here higher than in the case of the ex-
change of tissues in the same family between individuals which
belonged to the same inbred family, but were not nearly related.
In the latter case the average grade was 5.28.

IV. SYNGENESIOTRANSPLANTATIONS (BROTHER TO BROTHR) IN
NoN-INBRED FAmIaEs

We have previously analyzed syngenesiotransplantation in non-
inbred families of guinea-pigs. We found as the average grade of
brother to brother transplantation 3.6. We shall here briefly state
the result of brother to brother transplantation in the B strain of
guinea-pigs for comparson with the results obtained in brother to
brother transplantation within inbred families.
There were fifteen experiments; examination took place 25 to

40 days following transplantation. Grades: 6; 5.5; 5; 5; 5; 4.75;
3.75; 3.25; 3; 2; 2; 2; I; I; I. Average grade 3.35.
A few examples may suffice. i B-202 to B-202, 35 days. No

thyroid found. Fibrous tissue surrounds cartilage which is partly
cellular. Marked lymphocytic mantle around cartlage, but in places
loose connective tissue with fewer lymphocytes. The latter pene-
trate into cellular cartilage. Epitheioid reaction in fat tissue.

2. B-274 to B-274. 40 days. Thyroid very well preserved; good
acini, dose together with good solid restricted colloid. A little
connective tissue in center; also a little areolar tissue with a sml
number of lymphocytes in one place in center. Cartilage well pre-
served surrounded by areolar tissue; no lymphocytes. Grade 6.

3. B-26i to B-26I. 35 days. Thyroid. Remnants of acini, some
containing colloid, surrounded by a mass of lymphocytes. Appar-
ently remnants of parathyroid infiltrated by lymphocytes; especially
in center of parathyroid much lymphocytic infiltration. Periphery of
ring of acni surrounded by lymphocytes. Well preserved cartilage;
where it is thicker, it is partly shrunken. Cellular cartilage is sur-
rounded by areolar tissue which indudes strands of connective tissue
and lymphocytes, especially near the perichondrium and around
vessels. However, the greater part of areolar tissue contains no
lymphocytes. Grade 3.25.

Comment. The average grade for the syngenesiotransplants
(brother to brother transplantations in non-inbred families) is con-
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siderably lower th the average grade of ordinary homoiotransplan-
tations in the inbred families and still lower than the grade for the
brother to brother transplantations in the latter.

V. TRANSPLANTATION FROM HYBRD TO PuRE CoioNmiT
FAMILY

In this series a male belonging to one of the inbred families and a
female belonging to a different family were mated, and the hybrid
thus obtained was used for transplantation to another individual
who was not related to the hybrid but belonged either to the family
of his father or mother. Thus twenty-four expernments were carried
out. The length of time during which the pieces were left in the host
varied between 37 and 20 days. In one additional case the host died
I5 days after transPlantation.
The relationships between host and donor will be brought out

more distinctly in the following list of experiments:

I. C-0-282 2-175 (15566) to (32-17 II (I5575) 24 days.

Grade 4.25. Thyroid: structure of autotransplant, but dense lym-
phocytic masses in center and in places in peripheral fibrous capsule
around vessels. Lymphocytes penetrate from center towards peri-
phery between acini. Many acni have been destroyed. Some con-
nective tissue increase in center and around acuni. Cartilage: well
preserved surrounded by areolar tissue with slight inrease in con-
nective tissue and lymphocytes.

2. Same to 2N-20 (156I8) 24 days. Grade 4.

C-3O-298 13 -214 (iG8) to 13-20-13 (15784) 35 days.
3- ~ 21617JGrade 2.

4. Same to 2-16-17 (I8059) 35 days. Grade i.
Thyroid: only fibrous tissue found. Cartiage: with a great deal of

necrosis; some shrunken cells. Much connective tissue and moderate
mantle of lymphocytes around Cartilage, the necrotic parts of which
are entered by some connective tissue and lymphocytes.

J 3C3°4-10((18305) tod 3-i8-5 (I6753) 37 days.5. C-O-
L 2i-i65- J Grade 3-75.

6. Same to 2N-24 (i8043) 37 days. Grade 3.25.
Thyroid: very good acni, dose together in places and with solid

retracted colloid. Much lymphocytic infiltration around and be-
tween acmi. Also in center of thyroid lymphocytes surround some
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acini and penetrate into thyroid in places; lymph vessels filled with
lymphocytes. The greater part of the thyroid is intact, but in the
connective tissue around acini there is much lymphocytic infiltration.
Lymphocytes penetrate also into colloid. There are areas of fibrous
tissue, of areolar tissue and of lymphocytic infiltration around car-
tilage. Striated musde tissue preserved at one end.

7- -0-40,32-16- ,(i594) to 32-19- (I6901) 37 daYs.
7 35-I6-II J Grade 4.

8. Same to 35-23-8 (i67i6) 37 days. Grade 2.
2-I7-8 (i8063) to 35-12 (I8589) 25 days.
935-23-IO J Grade 2.50.

Io. Same to 2N-25 (i8184) 25 days. Grade 3.
II. CO28z 2-{5-3 } (15567) to 32-19-8 (15633) 25 days.

132-I7-7J Grade 6.
12. Same to 2-17-5 (15696) 25 days. Grade 3.

I3.CO}237 39-14- ( 5893) to 39-16-2I (I5727) 25 days.13. 1.'2-113-7 fGrade 2.5.
14. Same to 2-i8-4 (I5692) 25 days. Grade 2.85.

C-O-297 { 2-I7-8 (i8o66) to 2N-3I (I9998) 20 days.
' 35-23-10 J Grade 2.75.

Much thyroid tissue destroyed, relatively little thyroid left. The
remaining rng of acini with much lymphocytic infiltration and much
fibrous tissue formation. Around cartilage still some musde tissue
preserved.

i6. Same to 35-22-17 (I7966) died after 15 days. Grade 3.25.
(Some musde tissue preserved.)

17. C-O-298 I 32-14 (i8i9o) to I3-2I-8 (i8i85) 2I days.
Grade 1.25. Thyroid destroyed; merely dense fibrous tissue and
some lymphocytes surrounded by fat tissue and epithelioid and giant
cells. Bone marrow replaced by loose connective tissue. Cardlage
mostly necrotic. Some fat tissue mingled with epithelioid and giant
cells. Over wide areas cartilage surrounded by connective tissue with
some lymphocytic infiltration. Near bone, a zone of cartilage is
living.

i8. Same to 2N-32 (20338) 2I days. Grade 2.
19.C-O-26 {32-116-9 (605(13)

I9. C0 6 39-4-7 (6025) to 32-19-8 (I5633) 23 days.
Grade 5.5. Large thyroid with solid retracted colloid; medium-sized
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epithelium. Many large acini. A small amount of connective tissue
in center. No lymphocytes except in one connective tissue septum,
where there is a slight collection. Well preserved parathyroid.
Cartilage well preserved, surrounded by areolar tissue. There is a
slight increase in connective tissue with very little lymphocytic in-
filtration in areolar and fat tissue.

20. Same to 39-i6-21 (I5633) 23 days. Grade 1.25.

21 C-O-3o4 { 32-I9-1O } (I8306) to 2N-25 (I8I82) 29 days.
2-1I5-i6 J Grade 5.5.

22. C (}284 | 39-13-I3 '( ) to 39-16-21 (15727) 25 days.
C 32-17-5 .

Grade 3.25.
23. Same to 32-17-II (I5574) 25 days. Grade 5.

C-O-97 {2-17-8 (I7093) to 2-17-5 (15696) 3I days.
24. 35-23-97 J Grade 4.

The hybrid combinations used were as follows: 2 to 2 in four
2 32different experiments; -to 32 in three different experiments.
32

(I) - to 32, 24 days. Grade 4.25. (2) - to 2N, 24 days.
32 32

Grade 4. (5) 32 to 32,37 days. Grade 3.75. (6) 32 to 2N,37 days.
2 2

Grade 3.25. (II) 2-to 32, 25 days. Grade 6. (i8) 1to 2. 25 days.
32 32

Grade 3. (21)32 to 2N, 29 days. Grade about 5.5.
2

13 was used in four experiments. (3) I3 to 13, 35 days. Grade 2.
2 2

(4) 13 to 2, 35 days. Grade i. (i6) 3 to I3, 21 days. Grade I.5.
2 2

(I7) I3 to 2N, 2I days. Grade 2. In tranplantations in which fam-
2

ily I3 enters as a component of a hybrid, the reactions against the
transplants are more severe than in transplantations in which family
32 takes the place of family 13.

32 was used in two experiments. (7) 32 to 32,37 days. Grade 4.
35 35

(8) 32 to 35, 37 days. Grade 2.
35
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2 was used in five exeriments (9) to 35, 25 days. Grade
35 35

2.50. (IO) 2 to 2N, Grade 2. (I4)-to 2N, 20days. Grade 2.75.
35 35

(Ii) 2- to 35 (died after If days). Grade 3.25. (24) - to 2, 31 days.
35 35

Grade 4. In these experiments the results were almost but not quite

as unfavorable as in transplantation for hybrid 13.
2

39 was used in two experiments. (I 2) 39 to 39, 25 days. Grade
2 2

2.5? (iW) 39 to 2, 25 days. Grade 2.75-3. In this combination the
2

results were likewise unfavorable.

Hybrid 32 was used in four experiments. (19) 3 to 32, 23 days.
39 39

Grade 5-5- (20) 3 to 39, 23 days. Grade 1.25. (22) -9 to 39, 25
39 32

days. Grade 3.25. 39 to 32, 25 days. Grade 5. I this combination
32

the results were relatively favorable.
In three experiments, the result approaches that in autotransplan-

tation; in one experiment the result corresponded to a favorable
syngenesiotransplantation. In nine cases the result was a very pro-
nounced syngenesio-reaction. In three cases the result was on the
border-line between a syngenesio- and homoio-reaction and in eight
experiments a homoio-reaction was obtained. The average grade
was 3.25. The average grade was therefore only very slightly less
favorable than that obtained in brother to brother transplantation
in non-inbred families.
We see thus that the grades in the different experiments vary as

much as between 6 and i. The grades were as follows: 6; 5.5; 5.5; 5;
4-25; 4; 4; 4; 3-75; 3.25; 3-25; 3-25; 3; 3; 2.85; 2.75; 2.50; 2.5o; 2; 2;
2; I-5; I.25; I.

In eleven experiments we trsplanted the organs of one hybrid
to both the component parent strains; in none was the transplanta-
tion made to the direct parents of the hybrids. In seven of these
experiments the results were similar after transplantation into both
parent strains, in three experiments they were very different, and in
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one case the difference, although noticeable, was not quite so pro-
nounced. Different results were obtained in the following combina-

2 32tions: -to 32, grade 6. -to 2 grade 3. 3- to 32, grade 4. 32 to
32 32 35 35

35, grade 2. 32 to 32, grade 5.5. -to 39, grade I.25. -to 39,
39 39 32

grade 3.25. 3-to32,grade 5.
32

In general it seems that hybridizations, into which family 32
enters as one of the strains, are relatively favorable; the reactions on
the whole are slight, at least in a number of these cases, and espe-
cialy when the host belongs to family 32. The presence of a single
dose of 2, 35 or 39 family-differential does not necessarily lead to
severe reactions if a guinea-pig belonging to family 32 is the host,
but in other cases itmay do so. If a member of family 2is host, the

reactions against hybrid tissue-2are usually more marked than the
2

reactions on the part of a 32 host, but here also they may be very

slight. Similarly host 32 reacts much less actively against 32 hybrid
35

tissue than a 35 host. In host 35 the reactions are pronounced
against hybrid tissue of 35 with 2 or 32. Host 32 showed relatively
slight reactions against 32 hybrid tissue, while host 39 showed de-

39
cidedly more marked reactions against the same tissue. Host 2

showed quite noticeable reactions against - and 2 hybrid tissues.
35 39

Among the most marked reactions were those obtained against
hybrid tissue in which 13 entered as a component. The reactions
occurred in host 2 as well as in host 13. Throughout our experiments
we found the most marked reaction within family 13, which repre-
sents probably the least homozygous of the various families. Not
only is the reaction against family 13 most marked on the part of
other families, but family 13 as host reacts likewise most actively
against the individuality differential of the other families. We may
assume that the different families show a varying degree of relation-
ship to each other, and that while the strange genes in general cause
a reaction on the part of the host, perhaps certain genes call forth a
more severe reaction than others, and furthermore that certain
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families are possibly less sensitive to differences in genes than other
families. The experiments recorded so far in these series suggest
these conclusions.

VI. TRANSPLANTATION FROM PURE ComoNEor FAmmY
TO HyiBRID

In this series the reverse transplantations were carried out. Tis-
sues were transferred to a hybrid from an individual belonging to
one of the two inbred families, members of which had been used for
hybridization. Host and donor were not directly related to each
other, except in so far as all members of an inbred family are in
certain respects so related.
Fourteen experiments were carried out in this series; the period

during which the transplants remained in the host varied in the
different cases between 25 and 35 days.
The following experiments were made:

I. 2N-25 (I8I84) to C-O-297 { 278 I (18063) 25 days.

Grade 6. Thyroid: with auto-structure; acinus cells of low to medium
height, solid retracted colloid. Some loose connective tissue and
large vessels in center. No lymphocytes, no increase in connective
tissue. Cartilage well preserved; normal fine fibrillar connective
tissue and fat tissue surround the cartilage. Again no lymphocytes;
no increase in connective tissue.

2. 351-2 (I8589) to same hybrid, 27 days. Grade 5.25. Thyroid,
as in preceding experiment, but some masses of lymphocytes pene-
trate from outside to center. Cartilage also well preserved and sur-
rounded by fat tissue, but in places some fibrillar connective tissue
with a few lymphocytes around it. In this case a very slight reaction
took place.

3. 2-I6-i'~ C-~-2~~ f 1-21-41 (i8ii88a) 35 days.
3(i859~) to T~z2-i6-I7 Grade 6.

4. 13-2I-I3 (15784) to same hybrid. Grade 6.

5- 32-18-15 (I6753) to C-O-304 9 1 (I8305) 35 days-2-I5-i6
Grade 6. Only a small collection of lymphocytes around foreign
body; otherwise like autotransplant.

6. 2N-24 (I8043) to same hybrid. 35 days. Grade 6. As in the
majority of other transplants, the perichondrium produces in places
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new crtilag, which either penetrates adjoining necrotic cartilage
and replaces it or which is deposited in the form of a plate.

7. 32-19-9 (I6900) to C--240 { 32-I6- (I5943) 35 days.

Grade 6. Transplants resemble autotransplants. Into peripheral
necrotic tilage some connective tissue is growing and in places it
penetrates superficially even adjoi g living crtilage. A very few
smal strands of lymphocytes in fat tissue; conditions are probably
still within the range of those observed in autotransplants.

8. 35-23-8 (16716) to same hybrid. 35 days. Grade 5.75. Thy-
roid and parathyroid like autotransplants, except that we find in the
parathyroid in one place a slight, but distinct collection of lympho-
cytes which exceeds in size collections found in cases of autotrans-
plantation. In areolar and fat tissue around crtilage there are few
polymorphonudear leucocytes and lymphocytes. There may also
possibly be here and there a very slight increase in connective
tissue.

9. 3-11-9 i879 to C--O-304f32-I9-IO0 (i8306) 25 days.
2-15-I6 } Grade 6.

I0. 2N-25 to same hybrid 25 days. Grade 6. Thyroid transplant
consists of ring of well preserved acani with a small amount of con-
nective tissue and areolar tissue in center. Colloid in acni is solid
and somewhat retracted. Cartilage is surrounded by areolar and fat
tissue.

II. 13-I8-I0 (I6788) to C-O-298 I 3 6 i (i8io) 32 days.
2-i6-17

Grade 5.50. Thyroid, parathyroid and cartilage like autotrans-
plants, except for a collection of lymphocytes in periphery of para-
thyroid which also penetrates into this gland. Cartilage is well
preserved, but parts are necrotic; the latter are surrounded by
regenerated perichondrial atilage which as usual consists of small
cartilage cells with nudei that are more prominent than in older
cells, its blue stain contrasting within the light stain of the cyto-
plasm. In other places the host onnective tissue grows into necrotic
cartilage and replaces it. Some lymphatics in fat tissue are filled
with lymphocytes.

12. 2N-25 (I8I82) to same hybrid. 3a days. Grade 5.50. Thy-
roid like autotransplant except that in one place in the center there
is a small mas of lymphocytes which probibly exceeds in size the
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range of lymphocytic collections found in autotransplants. In the
cartilage, some regenerated transplanted muscle tissue with ins
of nudei. There is a very slight increase of connective tissue with
some lymphocytes found in the areolar and fat tissue around carti-
lage.

13. 2N-20 (156I9) to C-0-297 235-23-10 j (I8o66) 31 days.

Grade 5.50. Thyroid like autotransplant, except for a few smal
collections of lymphocytes. In crtilage transplant there is some
transplanted striated muscle with only a few nuclear ins. In
places there are small collections of lymphocytes around vessels in
fat tissue of vrtilage transplant probably exceeding the number
found in autotransplants.

14. 35-22-17 (17695) to same hybrid. 3I days. Grade 5.25.
Thyroid resembles autotransplant except that there is some thicken-
ing of connective tissue septa and a slight lymphocytic infiltration.
In cartilage transplant, which is well preserved, there are some dis-
tinct collections of lymphocytes in areolar and fat tissue and there is
here also a very slight increase in connective tissue. Areas of necrotic
artilage are partly replaced by perichondrial crtilage which may
regenerate in the form of a plate. Near the junction of xiphoid
artilage with bone, connective tissue grows into areas of necrotic

cartilage and produces a bone-like substance. We find also fibrilar
bone marrow with megalokaryocytes, capillaries and lymphocytes.
Osteoclasts also are seen at the edge of bone marrow. Between the
areas of bone, perichondrium forms cartilage. A somewhat similar
condition was probably observed in experiment (8) of this series.
In this transplant very well formed muscle tissue produced by
transplanted muscle cells was seen.
Comment. The average grade in these fourteen experiments is

5.77, approaching therefore the condition found in autotransplan-
tation. In eight cases the grade corresponds to the result obtained
in autotransplantation. In the remaining experiments the grades
are 5.75; 5.50; 5.50; 5.50; 5.25; 5.25. Grade 6 was obtained in the

following transplantations: 2 to 2 to 32 in two experments;to~~~-;32 t-ntoeprmns
35 2

2 to 32 in two experiments; 32 to 32; 13 to -3 and 2 to I3. The other
2 35 2 2

grades were obtained in the following combinations: 35 to 2 im two
35
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2 1experimentS 2 to-; I3 to 3 and 2 to 13. Slight reactions were
35 2 2

therefore observed in cases in which family I3 or family 35 were
hosts or donors. The strongest reactions were obtained in cases in
which 35 was both host and donor, and especially in experiments in
which family 35, serving as host, was combined with family 2.
When families 32 and 35 were combined as host and donor a reac-
tion, although somewhat mitigated, was observed. As in the pre-
ceding series we found that hybridizations, in which families I3 and
35 were involved, gave rise to relatively stronger reactions if tissues
were exchanged between hybrids and component families than if the
transplantations concern families 32 and 2. In this series we have
not used family 39. On the other hand, we find that exchange of
tissues in cases in which families 13 and 35 enter may not necessarily
give rise to reactions in all cases; the individuality differentials be-
tween donor and host may be so constituted that no reaction occurs,
at least within the range of time used in the particular experiment.
These fourteen experiments may be arranged in seven groups in

which an exnge of tissue took place between hybrid members of
the two families in each case. In four of these groups the results
were about the same without regard to the character of the donor
family; in three there was some difference, in each instance the
stronger reaction was obtained when family 35 furnished the donor.

If we compare the average grades in the different series, omitting
those in which the number of experiments at present is still very
small, we find in the transplantations within the same family an
average of 5.6 or slightly higher. The multiple transplantations
extending over a long period of time give a somewhat lower average,
namely 5.4 as do successive transplantations, although the number
of our experiments is very small in this latter subseries. Some com-
plicating factors may enter in the case of multiple transplantations
extending over a long period of time, and of successive transplanta-
tions.

In experiments in which we transplanted from one hybrid to an-
other hybrid of the same composition, not directly related, stronger
reactions seemed to be elicited, and the averages were correspond-
ingly lower, namely grade 4; but here again the number of our ex-
periments is as yet too small.
The average grade of 5.6 in the uncomplicated subdivision of this
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series is slightly lower than the average we obtained in the last
series in which we transplanted pieces from a component strain to a
hybrid; here the grade was 5.77. Of course the slight difference be-
tween these figures may have no significance. The figure for the last
series is about the same as that for the series in which tissues were
exchanged between two brothers, which were both hybrids of the
same inbred families; here the average grade is 5.78. In this case the
presence of two component families in donor as well as in host is an
unfavorable condition which is compensated by the fact that both
host and donor are brothers. In general we have some indication
that transplantations from one hybrid to another not directly re-
lated hybrid, both derived from the same families, cal forth a
stronger reaction and give a lower average grade (tentatively 4, a
figure based however on a very small number of experiments) than
tansplantations within the same inbred family, if host and donor
are not directly related. Translantations from brother to brother
in the inbred families are doser to autotransplantations than any of
the preceding kinds of transplantations, the average grade being
5.9; this of course is in accordance with expectations. On the other
hand, the transplantations from a hybrid to the component strains
call forth strong reactions; the average grade is accordingly low,
namely 3.25, which is very similar to the average grade in brother to
brother transplantations in the B group, in which the average is 3.35.

CONCLUSIONS
From these results we may condude that it is not the similarity or

difference between individuality differentials of donor and host which
determines the reaction against the transplant, but the reaction
depends on the presence in the host of genetic factors of the donor.
The lac in the donor of genetic factors present in the host is appar.
ently of little or no consequence. In the case of tumor transplanta-
tions in different varieties of mice which have been inbred, although
as it seems not exdusively through consecutive brother to brother
matings, Little and Tyzzer3 found that transplantations from
hybrid to parent strain gave negative results as far as the number
of takes was concerned, while the reverse transplantation gave ioo
per cent takes. They conduded therefore that only one dose of genes
is required for successful transplantation. We found in our expen-
ments, in which we used a much finer means of measuring genetic
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composition than tumor transantations, that in different trans-
plantations from hybrid to component strain as well as from com-
ponent strain to hybrid, individual differences exist which are very
pronounced in the case of transplantations from hybrid to compo-
nent strain. It is probably not so much the presence of a single
dose of the genes which is required, as far as the absence of reac-
tion against the transplant is concered, as the lac of a strange
gene in the donor; while the presence of a strange gene in the host
is without gnificance. Thus the transplantation from one hybrid
to another hybrid is more injurious thantasplantation from
component family to hybrid.
More recently, Little and Johnson 4 found in an inbred strain of

Japanese waltzing mice that translantation of pieces of spleen from
waltzing mice to hybrids of these animals with white mice, behaved
like autotIanslants; while spleen transplanted from such hybrids
to waltzing mice behaved like very pronounced homoiotransplants,
and were destroyed within a short time. In these experiments the
transplantations in which the hybrids served as hosts gave much
better results than the reciprocal transplantations; but again the
lack of finer means of measuring genetic differences led in all proba-
bility to incorrect estimates of the genetic identity or lac of identity
in the individuality differenti of host and donor. It is very prob-
able that the results in these transltations did not correspond
exactly to those found in autotranslantation, or to those of com-
plete homoiotransplantation, but that both were intermediate be-
tween these two extremes. However the fact brought out by Little
and Johnson and also, it seems, their interpretation of these facts,
appear to be in essential harmony with the conceptions which one
of us had previously developed concerning the individuality differ-
ential.
The results which we obtained cannot be considered inevitable

from a priori reasoning. Thus one might have expected that the
presence in the individuality differential of the host of a set of genes
which are not present in the donor and transplanted tissue should
lead to essential differences between the metabolism of host and
transplant and consequently to aggressive reactions on the part of
the host; this evidently does not take place. It seems to be merely
the presence of strange genes in the transplanted tissue which acts
as a stimulus on the host and incites the cells of the latter to react.
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Apparently the absence of genes in the transplant is without signifi-
cance. It is the presence of strange genes in the transplanted tissue
which causes the infenronrty in the latter in respect to the survival
and regenerative power.
Both of these consequences of transplantations of tissues, in

which the individuality differentials are more or less incompatible
with those of the host, agree with those established previously by
one of us in his series of transplantations. The lymphocytic and
connective tissue reactions, the behavior of blood vessels, the de-
generation of sensitive tissues like bone marrow, liver cells and spleen
tissue in accordance with incompatabilities of individuality differen-
tials are the same in these experiments as those previously descrbed.
As to other general condusions, we may refer to the discussions

given at the end of the various sections in this paper. We may again
state that our observations point to the condusion that in some
families a homozygous condition has been reached more completely
than in others, but that it has not yet been actually attained in any
of these inbred families. It is probable that some families are more
nearly related to each other than others and furthermore it is possi-
ble that certain strange factors present in some families and indi-
viduals cause a greater incompatibility reaction than others and, in
addition, we must consider the possibility that the sensitivity and
degree of reaction of certain families or individuals against individu-
ality differentials surpass those of others.
There is some indication that in the transplantations within the

same family, the individuality differentials of host and transplant
are more similar to each other the larger the number of brother and
sister matings which both individuals had in common before the
separation of brother and sister matings in different sidelines and
the ller the number of these separate and distinct brother and
sister matings for each of the two individuals in the preceding gen-
erations. Thus in family 2, three tranplantations with an average
grade of 4.6 were separated for twenty-four, twenty-four and twenty
generations of brother and sister matings respectively; while pre-
ceding their separate matings they had six, six and nine common
ancestral matings. In two other experiments in this family in which
host and donor were separated for twelve and three generations only,
and twelve and sixteen brother and sister matings in common, the
grade was 6.
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A similar result was obtained in matings in family 13. Here the
average grade was 4.9 in a series-of transplantations in which the
number of generations of brother and sister matings since the split-
ting off of the sidelines of brother and sister matings varied between
twenty-three and twenty-seven, while the average number of pre-
ceding brother and sister matings which both individuals had in
common was slightly less than nine. In three other transplantations
in which the number of generations since separation was about
twelve, and the number of common generations varied between
thirteen and seventeen, the average grade was 5.8. Which of these
two factors, the number of generations which donor and host had in
common, or the number of separate generations of brother and sister
matings in these two individuals is the important one, is impossible
to decide on the basis of our data. If the latter factor should play an
important part it would be necessary to attnbute this effect to possi-
ble mutations which occurred during the period of separate breed-
ings: the mutations under these conditions would then have been
different in the ancestry of host and donor.

In the large majority of cases in which after nineteen or twenty
consecutive brother and sister matings, tissues were transplanted
from brother to brother or sister the reactions taking place showed
absence of incompatlbility, and therefore at least apparent identity
between individuality differentials of host and donor. It is therefore
probable that under these conditions the difference between the in-
dividuality differentials of host and donor disappeared. These two
individuals should therefore behave like identical twins. That this
condition has actually been reached cannot yet be definitely asserted,
inasmuch as it is possible that a slight reaction might still have ap-
peared at a later date. But, on the other hand, we can be certain
that in two cases in which such consecutive brother and sister mat-
ings had taken place the individuality differentials of brothers had
not yet reached identity.

SUXzARY

i. The principal results obtained in these investigations are repre-
sented in the following list of average grades expressing the reactions
of the hosts against transplants. These reactions depend upon the
constitution of the individuality differentials of the respective fam-
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flies used for transplantation, and represent the relationship between
the differentials.

Autotransplantation, grade 6.
Homoiotranspantation, grade i.6.
Transplantation within ibred families, grade 5.5.
-Multiple translantation within inbred families, grade

5.15.

Successive transplantations within inbred families,
grade 4-8 (?) (few experiments).

Transplantation from brother to brother in non-inbred
families: grade 3.35.

Both com- Transplantation from brother to brother in inbred
bined: families: grade 5.87 (5.92).
5.84 Transplantation from brother to brother, hybrids of
(5-911) inbred families: grade 5.78 (5.89).

Transplantation from component families to hybrid
between inbred families: grade 5.7.

Transplantation from hybrid between inbred families
to component fmilies grade 3.24.

2. Within the differet inbred families the individuality differen-
tials have reached a very great similarity. The resemblance of the
individuality differentials among members of an inbred family which
are not dosely related is much greater than that among brothers in
non-inbred familie.

3. There is an identity of the individuality differentials. A com-
plete loss of individuality has not yet been reached within the inbred
families. In general the individuality differentials withi an inbred
family seem to approach more nearly identity the greater the num-
ber of generations of brother and sister matings they had in common
and the ler the number of generations since they split off into
sidelines of generations of brother and sister matings. On the whole,
brothers and sisters seem to have reached identity of individuality
differentials after nineteen to twenty generations of continuous
brother and sister matings; at least no reaction was elicited in the
host on the part of the translant withi the range of time used in
our experiments. However, in a few cases there was observed a lack
of complete identity of individuality differentials even under these
conditions. It is probable that withi certain families the homo-
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geneity of individuality differentials of the various membess of the
family is greater than within other families. It is also probable that
the average individuality differential of a certain inbred family may
differ more from the average individuality differentials of various
other inbred families than these differ from each other.
On this basis it would be possible to explain the stronger reactions

which tissues of family I3 call forth when they are transplanted into
other families, as well as the strong reaction of family 13 serving as
host . In addition it is possible that certain strange genes call forth
a more intense reaction than other strange genes, or that a host
possessing certain genes is able to react more intensely to genes not
represented in its own individuality differential.

4. In general the number of strange genes (and perhaps also the
intensity of the strangeness of the composing genes) in the individ-
uality differential of the transplanted tfissue determines the severity
of the reaction of the host against the transplant. The presence of
strange genes in the individuality differential of the host; or ex-
pressed differently, the absence of certain genes in the transplant or
the presence of double genes in the transplant, does not call forth a
reaction in the host. On thisba, we can understand the difference
between the results of the transplantation from component strain
to hybrid, and of the redprocal transplantation, as compared to
the severity of reaction observed after the exnge of tissues
within the same inbred family.
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