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In 1925 Harding and Passey (4) discovered a trans- 
plantable mouse melanoma, the first recorded ex- 
ample of a transplantable melanotic tumor (4). In 
1928 it was brought to this country from England 
by Dr. James B. Murphy, and since then has been 
continuously propagated at the Memorial Hospital. 
The tumor is intensely pigmented. It consists of 
large round cells and extraneous phagocytic cells 
full of melanin. 

During the past 15 years this neoplasm has been 
successfully transplanted for 58 generations in more 
than 1,500 young albino mice. The transplants took 
in more than 95 per cent of the mice and regressed 
in about 3 per cent. 

The grafts remained visible under the skin but lay 
nearly dormant for 3 weeks. Thereafter they usually 
showed a steady increase in size and might reach 
50 mm. in diameter at the end of the 16th week. 
Many of the positive transplants in young animals 
(18 to 20 gm. body weight, or about 50 days old) 
continued to grow for about 100 days before ulcera- 
tion of the tumor took place, and the subsequent death 
of the animal resulted usually from septicemia and 
nutritional failure (120 to 150 days). It would seem 
obvious that the tumors to be chosen for successful 
transplantation should be the most rapidly and pro- 
gressively growing ones at about 45 days of age. 

Metastases in the viscera did not occur, but much 
phagocyted melanotic pigment was found in the liver, 
spleen, and axillary lymph nodes when the organs of 
mice bearing tumors approximately 150 days old 
were examined histologically. On the other hand, 
very little melanotic pigment was found in the lungs 
and none in the kidney, adrenal, heart, and brain. 
Microscopic examination of the pigmented axillary 
lymph nodes revealed the presence of much phagocyted 
melanin from the primary tumors. Upon implantation, 
the pigmented axillary nodes failed to produce any 
new growths, an indication of their nonmalignant 
character. This agrees with the observation of Har- 
ding and Passey. 

With this rare tumor available, it was thought of 
interest to determine the susceptibility of suckling 

mice; the effect of gonadectomy and ovariectomy on 
susceptibility to the growth; and to examine its be- 
havior toward chemical and physical agents. 

TRANSPLANTATION INTO SUCKLING MICE 

In man, melanomas may occur at any age but the 
incidence tends to increase with advancing years, 
probably because time affords opportunity for the 
malignant transformation of previously benign pig- 
mented nevi (13). 

Our previous studies with transplantable rat tumors 
indicated clearly that age had a definite influence 
upon the continued growth of transplants (16). In 
suckling rats, whose ages varied from less than a 
day to 20 days, implantation of the Sugiura rat sar- 
coma was successfully performed and the resulting 
tumors grew progressively until ulceration. Spon- 
taneous absorption occurred in only 9 per cent of 
these young rats. On the other hand, the percentage 
of takes in old rats (about 1 year old) was the same 
as in suckling rats, but the tumor regressed in 88 
per cent of the animals. In the case of the Flexner- 
Jobling rat carcinoma, the age of the animals has 
very little influence upon spontaneous absorption. 
This is shown by the fact that in suckling, young 
adult, and old rats regression was found to be about 
15 per cent of the positive transplants in all three 
groups. 

The study was extended to include the Harding- 
Passey mouse melanoma to ascertain whether there 
was any difference in susceptibility, growth rate, and 
spontaneous absorption at various ages. 

Grafts weighing from 1 to 2 mgm. were selected 
from a healthy area of a tumor from 5 to 7 weeks 
old and inoculated subcutaneously into the lateral 
thoracic region of suckling mice with a small trocar, 
the diameter of which was approximately 1.5 mm. The 
sucklings were allowed to remain with their mothers 
until the age of 21 days. The animals were fed a 
normal diet of Purina dog chow and carrot, with as 
much fresh water as they would take. 

Table I gives the results obtained from transplant- 
ing the pieces of tumor tissue into suckling mice 
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whose ages varied from less than a day to 21 days. 
The data are arranged according to the increasing 
ages of the animals. 

The data indicate clearly that age ot~ the host had 
no definite influence upon the continued growth of 
transplanted mouse melanoma. The implants were 

adult or old mice; they proliferated more rapidly 
thereat~ter for 4 to 6 months and subsequently death 
of the animal usually resulted from toxemia, septmemia, 
and nutritional failure. About 3 per cent ot~ the posi- 
tive grafts regressed spontaneously. Tumor metastases 
did not occur in the viscera. 
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FIG. 1.--Intensely pigmented Harding-Passey mouse melanoma, 100 days old. One arrow points to adeeply pigmented axil- 
lary lymph node, the other to a cervical node. 

generally successful (average takes, 87 per cent) and 
grew progressively to the size of a walnut. Male 
and female suckling mice were found equally sus- 
ceptible; of the 164 employed, 77 were males and 
87 females. The transplants grew very slowly, how- 
ever, during the first 3 weeks, as did those in young 

C A S T R A T I O N  A N D  TUMOR G R O W T H  

Several investigators have already reported the 
effect of castration on subsequently transplanted car- 
cinomas or sarcomas. Lathrop and Loeb (9), Strong 
(15), Murphy and Sturm (11), Loeper and Turpin 
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(10), Cori (1),  and Murray (12) have all reported 
that castration before puberty definitely lowered sus- 
ceptibility in mice. On the contrary, Sweet, Corson- 
White, and Saxon (21); Joannovics (6);  and Kami- 

influence of castration upon the neoplastic effects of 
tar or the synthetic carcinogenic agents. Some investi- 
gators found that castration inhibited, while others 
found a stimulating effect, and still others that the 

Fro. 2.--A section of the Harding-Passcy mouse melanoma takcn from the pcriphcry, showin~ mclanotic minor cells and abun- 
dance of phagocytic cells full of mclanin. Hcxatoxylin and cosin stain. Mag. X 240. 

kawa and Kawamura (7) reported a considerable in- 
crease in susceptibility both as to the number of takes 
and the growth rate of tumors in castrated animals. 
Graf (3) found that castration in males and females 
had no influence on the growth of transplanted tumors. 
Recently Woglom (23) reviewed 17 papers on the 

operation had no effect upon the development of 
malignant tumors. Woglom himself found that pre- 
puberty castration neither augmented nor diminished 
the susceptibility to methylcholanthrene sarcoma in 
male mice. 

Since there is strong evidence that ovarian activity 
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or internal ovarian secretion plays an important  etio- 
logic role in the development of mammary  cancer in 
animals as well as in the human subject, and that 
castration leads to the inhibition of prostatic tumors 

the animals were inoculated with tumor fragments, 
each weighing about 5 mgm.,  and the resulting 
tumors were generally allowed to grow for a period 
o~ 4 months.  The  results are presented in Table II. 

Fro. 3.--Higher powcr view of Fig. 2 to show large round cells, cpithelial tvpcs of cell, and mitotic figures. Hcmatoxylin and 
eosin stain. Mag. X 325. 

in man (5) ,  it appeared of interest to ascertain 
whether gonadectomy and ovariectomy would influ- 
ence the susceptibility of animals to transplanted 
melanoma. 

Male and female mice were castrated at 4 to 26 
weeks of age. From 1 to 3 months after castration 

The  data show clearly that castration did not signifi- 
cantly affect the growth behavior of the melanoma. 

In the course of this investigation the effect of castra- 
tion on established tumors also has been determined. 
The procedure was the same as that already described 
except that castration was done when tumor gra~ts 
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had grown for 4 to 6 weeks. No effect followed, in 
either male or female mice. 

TABLE I:  RESUt,TS OF TRANSPLANTING HARDING-PAssEY MOUSE 

MELANOMA INTO SUCKLING MICE OF DIFFERENT AGES 

Number Age at Percentage 
Experiment of inoeula- Percentage of 

number animals tion, days of takes regressions 

1 6 0.5 100 0 
2 8 0.5 75 17 
3 5 1 80 0 
4 8 1 75 0 
5 6 2 67 0 
6 8 3 88 14 
7 5 3 80 0 
8 l l  6 73 0 
9 7 6 86 17 

10 9 7 100 0 
11 2 7 100 0 
12 8 8 88 0 
13 8 9 75 0 
14 8 10 100 0 
15 8 12 75 17 
16 6 12 83 0 
17 5 14 100 0 
18 6 14 100 0 
19 7 16 86 0 
20 8 17 88 14 
21 10 20 100 0 
22 15 21 100 0 

TABLE II :  INFLUENCE OF CASTRATION AT DIFFERENT AGES UPON 

SUSCEPTIBILITY TO THE HARDING-PAssEY MOUSE MELANOMA 

Experi- Number 
ment of 

number animals 

1 10 
10 

2 7 
8 

3 8 
9 

4 8 
8 

5 9 
10 

6 7 
10 

Interval 
between 
castra- Growth 

Age when tion and of trans- 
castrated, implanta- plants, 

Sex days tion, days per cent 

30 30 100 
$ 30 30 80 

30 90 86 
30 90 88 

r 50 30 100 
50 30 100 
50 90 75 
50 90 88 

180 30 100 
180 30 100 
180 90 71 
180 90 100 

T H E  INFLUENCE OF HYDROGEN ION CONCENTRATION 

UPON THE VIABILITY OF THE HARDING- 

PASSEY MOUSE MELANOMA 

Previous studies in this laboratory on the Flexner- 
Jobling rat carcinoma (20),  the Sugiura rat sarcoma 
I (16),  mouse sarcoma 180 (17),  and the Rous chicken 
sarcoma (19) indicated that these tumors showed 
distinct differences toward the action of hydrogen 
ions. Knowledge of the relationship between pH and 
viability of tumor cells is desirable in connection with 
the cultivation of tumor tissue and chemotherapeutic 
experiments in vitro as well as in vivo. 

Two sets of buffers were used. One was the standard 

solutions recommended by Clark, and the other a 
Locke-Ringer solution previously adjusted colorimetri- 
cally to the required p H  values with 0.1 N and 0.01 N 
solutions of HCI  and N a O H .  The composition of 
these solutions has been given elsewhere (19). 

About twelve small pieces of tumor, each weighing 
about 5 mgm.,  were placed in 25 cc. portions of 
solution of definite hydrogen ion concentration and 
salt content. The solutions had previously been steril- 
ized in a steam autoclave at 15 pounds' pressure 
for 15 minutes. The flasks containing the solutions 
and tumor fragments were allowed to remain for 24 

TABLE III:  RESULTS OF TRANSPLANTING THE HARDING-PAssEY 

MOUSE MELANOMA AFTER IMI~'/ERSION IN SOLUTIONS OF 

VARIOUS P H  SOLUTIONS AT 4 ~ TO 5 ~ C.  

Number 
Experi- of tumor Growth of 

ment transplants transplants, 
number used Solution pH per cent 

1 10 Clark 4.0 0 
10 " 5.0 30 
10 " 5.8 80 
10 " 7.0 100 

2 10 Clark 7.9 100 
10 " 8.9 50 
10 " 10.0 0 

3 10 Clark 5.0 10 
I 0 " 7.0 80 
I0 " 8.9 " 40 

4 10 Locke-Ringer 4.0 0 
l 0 " 7 .0  100 
10 " 10.0 0 

hours in the refrigerator at a temperature of 4 ~ to 
5 ~ C. At the end of this period, the tumor fragments 
were transplanted into young mice. The results are 
presented in Table III. 

It is evident that the growth capacity of the mouse 
melanoma was completely destroyed by immersing in 
a Clark's buffer solution or in a Locke-Ringer solu- 
tion at pH 4.0 or 10.0. At pH 5.0, 80 per cent 
inhibition and at pH 9.0, 55 per cent inhibition 
occurred. On the other hand, the tumor fragments 
that had been exposed to a solution at pH 6.0, 7.0, 
or 8.0 for 24 hours grew normally when implanted 
into mice. In this respect, the melanoma behaves 
as the other transplantable mammalian tumors men- 
tioned, but unlike transplantable avian tumors it has 
a short pH range in which transmissible tumor cells 
s u r v i v e .  

EFFECT OF DESICCATION UPON THE GROWTH OF THE 

HARDING-PASSEY MOUSE MELANOMA 

It is a well established fact that cancer cells are 
rendered impotent by the usual desiccation (16, 17). 
The causative agent of certain infectious tumors of 
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fowls and of a papilloma of the rabbit are, however, 
exceptions. The extent of the injurious action of 
dehydration on melanoma, however, is not known. 
For that reason the following experiments were made. 

Melanomas from 4 to 6 weeks old were cut into 
small pieces and placed in a cylindrical ampoule for 
quick freezing. After the tissue was frozen the unit 
was connected to the pumping system and desiccated 
for 6 to 12 hours. Dry ice was used to condense 
the water given off by the tissue (2). The dried 
fragments were moistened with distilled water or 
Locke-Ringer solution at pH '7, and then inoculated 
into young mice. The results were that the trans- 
plants that had been dried from the frozen state 
gave no growths. The conclusion is based upon 
several sets of experiments. 

In the course of the investigation a study was made 
also, of the resistance of the Harding-Passey mouse 
melanoma to extreme cold in vitro. The results showed 
that its growth capacity was almost entirely unaffected 
by sojourn in the frozen state at --70 ~ C. for 7 days 
prior to transplantation (18). 

NONFILTRABILITY OF THE HARDING-PASSEY MOUSE 
MELANOMA 

The production of a mammalian cancer with cell- 
free extracts or filtrates of cancer tissue has never 
yet been confirmed, although recently this assertion 
has been repeated (8, 14, 22). 

A weighed portion of fresh melanoma was macer- 
ated with sea sand in a mortar, taken up with a 
quantity of water at pH 7, shaken thoroughly, and 
kept in a refrigerator at 4 ~ to 5 ~ C. from 6 to 24 
hours. This resulted in a 10 to 20 per cent aqueous 
extract, which was centrifuged and filtered first 
through a sand and paper-pulp filter (19). A portion 
of the filtrate was then passed through a Berkefeld 
filter, grade N. Five-tenths to 1.0 cc. portions of both 
filtrates were tested, but none elicited a tumor. 

CANCER SUSCEPTIBILITY IN RELATION TO COAT COLOR 

Harding and Passey (4) pointed out that many 
grafts of the melanoma have grown so slowly as to 
permit the animal a life of 9 months before a tumor 
of given size is obtained. However, for no apparent 
reason, some grafts grew very rapidly, and the tumor 
in this active phase presented new features. To the 
naked eye it was distinctly paler, varying from a 
dark grey in one animal to a pale slate color in 
another. By deliberate selection from the paler tumors 
these investigators obtained an almost completely 
colorless growth. Thus from the original heavily pig- 
mented melanoma two distinct strains evolved, one 
heavily pigmented, and another that is nearly pig- 

ment-free to the naked eye. The former maintains 
its ancestors' slow rate of growth, whereas the latter 
is much more rapidly growing. Transformation of 
the heavily pigmented melanoma into nonpigmented 
melanoma was observed also at the laboratory of 
the Imperial Cancer Research Fund, London, where 
the writer was shown such tumors by Dr. J. A. 
Murray in 1935. 

By careful selection from rapidly growing tumors 
the Harding-Passey melanoma has been propagated 
through many generations in this laboratory by suc- 
cessive graftings into albino mice of Rockland and 
Bagg strains, but so far no nonpigmented melanoma 
has been produced. 

It is interesting to note that the original melanoma 
arose in a mouse that was a uniform milk-chocolate 
brown. 

To ascertain if the color of the host influences the 
tumor, grafts were inoculated into mice of the f o l -  
lowing colors: black (C57), dilute brown (dba), 
brownish-grey (C3H),  agouti (New York), and white 
(Rockland, Bagg, Swiss, Paris). The tumors in these 
mice were passed successively into animals of a cor- 
responding color, and in this way the tumor has been 
propagated for several generations in nearly 500 ani- 

mals. The color of the animal appeared to have no 
influence upon the susceptibility, the rate of growth, 
or the depth of pigmentation of the tumor. 

SUMMARY 

The following conclusions are drawn concerning 
the Harding-Passey mouse melanoma: 

1. Variations in the age of the host did not influence 
the outcome of transplantation. 

2. Suckling mice offered a favorable soil for the 
continued growth of the melanoma. 

3. The growth of transplants in suckling animals 
neither shortened nor prolonged the lives of animals 
in comparison with adult animals bearing such neo- 
plasms. 

4. Castration in males and females did not signifi- 
cantly affect the growth of the neoplasm. 

5. The growth capacity of the melanoma was com- 
pletely destroyed by immersion in a buffer solution 
at pH 4 or 10, and at pH 5 or 9 partial inhibition 
and delayed growth was found. No effect was ob- 
servable at pH 6, 7, or 8. 

6. The viability of the melanoma was completely 
destroyed by dehydration from the frozen state. 

7. The growth was not filtrable. 
8. Grafts grew equally well in C57 black, dba, 

C3H, agouti, and in Rockland, Bagg, Swiss, and 
Paris albino mice. 

9. During the past 15 years the tumor has been 
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p r o p a g a t e d  t h r o u g h  m a n y  g e n e r a t i o n s  by  success ive  

g r a f t i n g s .  So far  no  n o n p i g m e n t e d  m e l a n o m a  has 

a p p e a r e d .  

The author wishes to express his gratitude to Dr. George T. 
Pack for his suggestion of the problem, and to Dr. Fred W. 
Stcwart for interpretation of the histological sections. 
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