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Serial passage of other neoplasms has been asso- 
ciated with changes in the host-tumor relationship, 
such, for example, as the acquired ability of the Rous 
sarcoma to grow in hosts refractory to the tumor in 
its early transfers (6). Again, a more rapid rate of 
growth and a higher percentage of successful inocu- 
lations during serial transfer have been noted with 
other neoplasms of the chicken (1, 2, 4). 

The present report is concerned with changes in 
growth capacity of a lymphoid chicken tumor observed 
during the course of its serial passage over a period 
of 3 years. 

MATERIALS AND METHODS 

The origin of the growth and its characteristics 
during 30 passages have been previously reported (5). 
Implants grow rapidly and may rnetastasize to distant 
organs. The tumor is not associated with fowl paral- 
ysis, and is different from neoplastic diseases caused 
by filter-passing agents such as chicken tumor I of 
Rous (6) and transmissible fowl leukosis (4). 

Hosts for the tumor were derived from 3 stocks of 
Rhode Island Red chickens. Stock A, most often used, 
was derived from an inbred group in which an at- 
tempt has been made to obtain stock more homo- 
geneous than that ordinarily available. Brother-to- 
sister matings were made for 3 successive generations, 
as well as matings of less closely related members of 
the stock. Stock A was more homogeneous during the 
latter period of its use than during the earlier period. 
Stock B came from the same flock that supplied the 
progenitors of stock A; however, the actual relation 
between stocks A and B was slight. Stock B was 
uniform over the different periods of use, for progeny 
from only one pen mating were used during any one 
period of time. Stock C was obtained from a com- 
mercial flock and was unrelated to stocks A and B. 
All chickens were hatched from eggs in the laboratory 
and raised under uniform conditions. The birds were 
maintained in battery cages under essentially similar 
conditions throughout the period of observation. Most 
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of them were between 4 and 8 weeks old when 
inoculated with tumor. 

A standard method was followed for the prepara- 
tion of the inoculum. Under the usual aseptic pre- 
cautions part of a tumor resulting from an intra- 
muscular implant was minced and added to an equal 
volume of modified Rous-Turner solution, Ringer's 
solution made isotonic for bird erythrocytes (3). One 
part of infusorial earth was then added to 1,000 parts 
of this mixture, and half a milliliter of the final 
product was injected with a syringe and 15-gauge 
needle into the breast, or occasionally into the muscles 
of the thigh. 

A single line of serial transfer was maintained from 
the 30th to the 44th transfer. During this time no 
attempt was made to conform to a standard interval 
between transfers; however, the interval averaged 14.9 
days. Beginning with the 45th transfer 2 separate 
lines were begun. The one line was to be transferred 
to a new host every 10 days; the other every 15 days. 
The interval for the "10 day" series averaged 9.3 days 
through the 132nd transfer, and for the "15 day" 
series 14.8 days through the 100th transfer. 

On 3 occasions the serial passage with fresh tissue 
was interrupted: (a) At the 42nd transfer the tumor 
failed to grow from the usual material and tumor 
that had been frozen 6 days at --6 ~ C. was used. 
(b) The chickens intended for the 50th transfer of 
the 10 day series developed an unrelated infectious 
disease after receiving the inoculation in the customary 
way. Another group had received liver infiltrated 
with tumor from a chicken of the 49th passage, and 
the growth in one of these was employed to continue 
the series. (c) The tumors in birds of the 83rd 
transfer of the 15 day series became infected with 
anaerobic gas-producing bacteria. In order to eliminate 
this contaminating organism, whole blood from a 
chicken with diffuse metastasis of the tumor was used 
to produce growth in the birds bearing-the 84th trans- 
fer of the tumor. This was possible since tumor cells 
are commonly found in the blood of chickens with 
diffuse metastasis. 

The chickens were kept for varying periods of time 
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following inoculation. The site of the implant was 
examined weekly, and birds in which no growth was 
observed after 3 to 4 weeks were either killed or used 
in other experiments 2 to 3 weeks after regression 
of the tumor. Chickens in which the tumor grew 
progressively were killed when moribund, or to obtain 
material for inoculation, or allowed to die. No chicken 
that lived for less than 8 days after inoculation was 
considered in the tabulation of results. 

A postmortem examination was made on all birds 
employed, and tumor, liver, spleen, kidney, adrenal, 
bone marrow, and thymus gland of birds supplying 
material for transplantation were routinely examined 
by histological section. Histological examination was 
made, also, of all doubtful lesions. 

REACTION OF HOST 

Following tumor inoculation, one of 5 things was 
found to happen: (a) The implant failed to grow; 
(b) a short period of growth was followed by regres- 
sion; (c) growth continued at the inoculation site 
until the death of the host; (d) the tumor grew at 
the site of implantation and localized metastatic loci 
were found in the viscera; or (e) the implant grew 
and a diffuse type of metastasis was found in the 
internal organs. 

Failure to grow.--In chickens killed 2 weeks after 
inoculation, where no growth was observed, a small 
amount of localized fibrosis was present at the site 
of implantation, which had almost completely disap- 
peared in birds killed at the end of 3 weeks. 

Growth and regression.--Maximum growth was 
usually noted about 2 weeks after inoculation. Rarely 
did regression occur after 3 weeks of continuous 
growth. Growth and regression was noted in ap- 
proximately one-fourth to one-half of the birds 
inoculated. 

That the growths in this group contain living tumor 
cells for a time is shown by the following instance. 
A biopsy was made on a tumor (bird N96) that 
developed from an implant received 12 days previ- 
ously. The inoculum prepared from the excised ma- 
terial developed in all 6 chickens into which it was 
implanted and metastasized in 4 of them. The tumor 
of N96 began to regress after the biopsy and only a 
slight fibrosis remained at the site when the bird was 
killed 71 days later. However, biopsy did not con- 
sistently lead to regression in other tumor-bearing 
birds. 

The rapid loss of activity of a tumor in a state of 
regression is suggested by a case in which maximum 
growth was noted 11 days after an implant was re- 
ceived. The bird (N247) was killed 4 days later and 
the somewhat necrotic tumor tissue inoculated into 5 

chickens, which had received active tumor material 
from another donor 3 days earlier. The active tumor 
material grew in all 5 birds, whereas no growth oc- 
curred with the material from N247. It should be 
pointed out, however, that the experiment is not con- 
clusive, because the first injection may have produced 
some resistance. 

Local growth.--This group includes all birds in 
which there was progressive growth of the implant 
until death. As previously reported, the limit of 
growth seemed to be about one-fifth the body weight 
in hosts bearing the tumor at only one implantation 
site. In general, relatively larger tumors developed in 
the younger birds. In some instances the growth 
amounted to more than one-fourth the body weight; 
for example, in a male chicken that weighed 475 
gin. at death a tumor developed in 42 days that 
weighed 135 gin., or 28.4 per cent of the body 
weight. A larger total amount of tumor developed in 
birds in which multiple implants were made. This 
is exemplified in the case of a 28 day old male chicken 
that received implants of tumor in both breast muscles 
and died 18 days later; the carcass weight was 272 
gm. and the combined weight of both tumors was 
99.5 gm., or 36.5 per cent of the body weight. 

A variable amount of necrosis was commonly found 
in the tumors, usually in and about the fascia sepa- 
rating the superficial and deep pectoral muscles. The 
margin between viable and necrotic tissue was usually 
discrete (Fig. 1). In some instances a large tumor 
was ahnost entirely involved by dry necrosis, and in 
such cases the bearers were often dull and listless and 
refused to eat, perhaps because of an intoxication. 
Attempts to isolate a bacteria from necrotic tumors 
failed. In some instances necrosis may have been 
caused by ischemia following growth of the neoplasm 
about blood vessels; in others by a mechanism similar 
to that which operates in the regression of implants 
2 weeks after inoculation. 

Growth with localized metastasis.--In this group 
are included those chickens in which the implant grew 
and localized metastatic loci were found in the viscera; 
their general nature has been previously described and 
illustrated (6). The organs most frequently involved 
were the proventriculus, heart, pancreas, adrenal, and 
gonadsi the kidney, spleen, thymus, marrow, peri- 
toneum, lung, and liver were less often affected 
(Table II). 

The assembled data were examined for differences 
between birds that were killed and those that died. 
The heart was involved in 61.5 per cent of the 73 birds 
that died with metastases, but in only 22.4 per cent 
of the 54 birds that were killed. Death may be ac- 
counted for by the mechanical effect of the tumor 
on the heart. The relatively more frequent involve- 
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ment  of the proventriculus and pancreas in birds that 
died is more difficult to explain, and may not be sig- 
nificant; however, the birds that died lived an average 
of 4.3 days longer than those that were killed; so that 
there was more time for metastatic foci to develop. 
Somewhat more frequent involvement of the spleen, 
thymus, bone marrow, and lung was noted in birds 

TABLE I :  S U M , M A R Y  OF RESULTS OI;" St-RIAL PASSAGE O E  A 

LYMPHOID ']'uMoR 

~. --~r ~ -~ . .  

Number of birds inoculated... 347 151 301 444 
Reactions: 

No growth . . . . . . . . . . . . .  32.6 * 4.0 1.7 1.3 
Growth and regression . . . .  23.9 49.(/ 40.2 30.7 
Local growth only . . . . . . .  29.1 34.4 22.2 15.9 
Growth with localized me- 

'tastasis . . . . . . . . . . . . . . .  14.4 11.9 24.6 7.8 
Growth with diffuse me- 

tastasis . . . . . . . . . . . . . . . . . . .  7 11.3 44.3 

Expressed in per cent of number inoculated. 

TABLE 1I: RELATIVE INCIDENCE OF LOCALIZED METASTASIS IN 

VXSCERA: PASSAGES 31 TO 132 

Total 

Number of cases . . . . . . . .  127 
Duration of experimental 

life (days) : 
Average . . . . . . . . . . .  19.7 
Longest . . . . . . . . . . .  47 
Shortest . . . . . . . . . . .  9 

Organs affected: 
Proventriculus . . . . . .  54.3 
Heart . . . . . . . . . . . . .  44.1 
Pancreas . . . . . . . . . . .  41.7 
Adrenal . . . . . . . . . . .  40.1 
Gonad . . . . . . . . . . . .  26.0 
Kidney . . . . . . . . . . . .  15.7 
Spleen . . . . . . . . . . . .  14.2 
Thymus . . . . . . . . . . .  13.4 
Marrow . . . . . . . . . . .  8.7 
Peritoneum . . . . . . . .  5.5 
Lung . . . . . . . . . . . . .  3.9 
Liver . . . . . . . . . . . . .  2.4 

§ Per cent of number of cases. 

Died  Ki l led  C 

73 54 80 47 

21.4 17.1 19.2 20.8 
47 35 37 47 
10 9 9 10 

* 64.4 41.5 57.5 48.8 
61.5 22.4 42.5 46.8 
55.0 24.1 45.0 36.2 
37.0 44.5 41.5 38.4 
28.8 2 2 . 4  31.3 17.0 
14.1 13.0 16.2 14.9 
5.5 26.0 13.7 14.9 
8.2 20.4 16.2 8.5 
4.1 14.8 7.5 10.6 
5.5 5 .6  5.0 6.4 
�9 . 9 .3  3.7 4.2 
1.4 3 .7  2 .5  2.1 

that were killed (Table II).  Metastatic foci in these 
organs were often found only by microscopic exami- 
nation (Fig. 25 . The  data may be somewhat vitiated 
by the fact that a routine histological examination was 
made more often in birds that were killed. 

The testes were found affected more often than the 
ovary, a difference that is believed significant since 
other organs, with the possible excep t ion  of the 

thymus, were involved at about the same rate of 

frequency in males as in females (Table II).  
In most instances 3 organs or less were involved by 

localized metastasis. In 127 instances only 1 localized 
focus was found in 2.68 per cent; 2 organs were in- 
volved in 26.8 per cent; 3 organs in 19.6 per cent; 
4 organs in 10.2 per cent; 5 organs in 10.2 per cent; 
and 6 organs in 5.5 per cent of the cases. 

The most widespread metastasis occurred at the 
52nd transfer in a male host (N494)  42 days old at 
the time of inoculation; the bird was killed 21 days 
later. Metastatic loci were found in the heart, pro- 
ventriculus (Fig. 3), pancreas, testes, one adrenal, bone 
marrow, and kidney, and the diagnosis was confirmed 
by histological examination. No essential differences 
were found in the number  of organs involved by 
metastasis that could be attributed to sex, to whether  
the birds died or were killed, or to the number  of 
times the tumor had been transferred. 

The earliest localized metastasis was found in the 
bone marrow of a chicken killed 9 days after receiving 
implants of the turnor in both breast muscles and the 
right thigh muscles. In 4 instances metastasis was 
observed 10 days after inoculation, and in one of 
these microscopic metastatic loci were present in two 
organs (kidney and adrenal) .  Only 10 of the 127 cases 
of localized metastasis occurred in birds examined 
after an interval o f  less than 14 days following 
inoculation. 

Growth with diffuse metastasis.--This type of: re- 
action represented the most fulminating and violent 
disturbance following implantation of the tumor. Only 
a few such cases were noted in the earlier passages of 
the tumor, but they became more common later on. 
The  characteristic of this reaction was death of the 
host in about 8 to 12 days after inoculation, often 
sudden after a brief per iod of depression that usually 
lasted only a few hours. Occasionally an entire group 
would die in this way before material could be ob- 
tained for the next transfer at the previously selected 

interval of 10 or 15 days. The implants themselves 
were no larger than in other hosts at this stage. 

Visceral changes usually consisted of a notable en- 
largement of the liver, spleen, and occasionally the 
kidneys (Fig. 4). The bone marrow was usually 
hyperplastic and grey-red in appearance. 

The  weight of the liver varied from 5.3 to 12.1 

per cent of the body weight  in a series in which these 
weights were recorded. The  most enlarged liver in 

this series weighed 59.5 gm. and was found in a 
chicken that died 9 days after inoculation. The  car- 

cass weight at death was 492 gm., and the bird was 
50 days old at the time of inoculation. In some in- 
stances the size and weight  of the liver were wi thin  

normal limits. The color was usually red-brown. 
Histologically the neoplastic lymphoid cells seemed to 
occupy an extravascular position beneath the endo- 
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thelium of the sinusoids, al though some were found 
within them. These cells tended to proliferate in some 
localized areas about blood vessels, but not always in 
direct connection with the periportal areas (Fig. 5). 
There was usually considerable crowding and dis- 
tortion of the liver cells, many of which were in 
various stages of degeneration. 

The weight of the spleen varied from 0.60 to 1.88 
per cent of the body weight. The organ was usually 

1 / I s +  passage  l i - 24 -37  

O i ,  r , i , i i i , l l i 

Io] /30~h p .... 9 ,  

/ '44  th' passage . . . . . . . . .  
I 0 - I  / o - - . - - , , lO  day transfer j ~  

~ .81  / o - - o l 5  day  ~ rans fe r  _ e 7 

~ 6  o o "o 
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FIG. &--Serial passage of a transmissible lymphoid tumor. 

a purple-red color, its capsule tense, and the pulp was 
filled with neoplastic lymphoid cells. 

The histology of the bone mar row was essentially 
of the order found in the liver and spleen; namely, 
an overcrowding of the parenchyma with large neo- 
plastic lymphoid cells similar to those of the implant. 

The large lymphoid cells were often, but not al- 
ways, found in the vascular bed of other organs such 
as the kidney, lung, heart, and thymus. 

The pathogenesis of this reaction is not entirely 

clear. The lymphoid tissues of the liver, spleen, bone 
marrow,  and sometimes the kidney, may have been 
stimulated to hyperplasia by a hypothetical agent 
liberated from the neoplastic implant; or, as in mouse 
leukemia, the lesions may have resulted from the 
proliferation of cells transferred there. 

E F F E C T  OF  S E R I A L  P A S S A G E  

As shown in the preceding paragraphs the growth 
capacity of the tumor may vary, since in different birds 
the implanted cells either fail to grow, grow tem- 
porarily, or grow progressively with or without me- 
tastases. It was found that the growth capacity 
changed with serial passage, in that there was a 
general increase in the activity of the tumor.  To 
illustrate this change more clearly, data previously 
reported (5)  on passages 1 to 30 are used in the 
following discussion. 

The relative number  of birds in which the implant  
failed to grow decreased with passage of the tumor.  
In the first 30 passages 32.6 per cent were refractory 
to the tumor,  whereas a much smaller percentage (4.0 
per cent) were refractory dur ing the 31st to 45th 
passages. The relative number  in succeeding passages 
was still less, being 1.7 per cent in the 45th through 
the 100th passage, made at 15 day intervals, and 1.3 
per cent in the 45th through the 132nd passage, made 
at 10 day intervals (Table I) .  

The relative number  of chickens in which growth 
was followed by regression was high in the 31st to 
44th passage, perhaps because of a shift f rom the 
"no growth"  group. Their  relative number,  however, 
decreased in subsequent passages. There was a similar 
decrease in the relative number  of birds with local 
growth only. More instances of metastasis were ob- 
served in the 31st through the 132nd passage than 
during the first 30 passages. The most definite in- 
crease was in the relative number  of cases of diffuse 
metastasis during the 45th through the 132nd passage 
at 10 day intervals. Localized metastasis was observed 
most frequently during the 45th through the 100th 
passage, at 15 day intervals. 

A method for evaluating the activity of the tumor 
during its serial passage was devised, in which a 
numerical value was attached to the reaction obtained 

DESCRIPTION OF FIGURES 1 TO 5 

FIG. 1.--Sagittal section of a 22 day old t u m o r  in pectoral 
muscle, about two-thirds necrotic. Weakness, loss of appetite, 
metastases in heart, pancreas, testes, kidney, and proventriculus. 
This tumor occurred in the 62nd passage of the "10-day series." 

FIc. 2.--Microscopic metastatic foci in spleen, which was only 
slightly, if at all, enlarged. Mag. X 44. 

FIG. 3.--Proventriculus with localized metastasis in chicken 
N494. Note infiltration of tumor between glandular acini and 
in muscularis. Mag. X 104. 

FIo. 4.--Enlarged liver and spleen, femur, and 11 day old 
tumor in pectoral muscles. Characteristic diffuse metastasis. 
Marrow cavity largely filled with tumor. 

FIG. 5.--Liver" of bird that died with diffuse metastasis 11 
days following inoculation. Isolated islands of liver cells are 
apparent. Congested vein at right contains many tumor cells, 
and extravascular growth of the tumor is evident at each side of 
the vein. Mag. X 346. 
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in each host. No growth was rated as 0; growth fol- 
lowed by regression as 3; local growth only as 5; 
growth with local metastasis as 7; and growth with 
diffuse metastasis as 10. This system of grading, based 
on purely arbitrary considerations, represents an evalu- 
ation of the interplay between the activity of the 
tumor and resistance of the host, and therefore reflects 
the sum total of factors that influence both the tumor 
implant and the host. The average activity ratings of 
the hosts for each passage are plotted in Fig. 6 ac- 
cording to years. When  plotted in this way the data 
do not form a straight line, but rather are notable 
for distinct differences from one passage to the next. 
There were some periods when the activity ratings 
would tend to form smooth lines, but attempts to cor- 
relate them with the season of the year or a specific 
stock of chickens were unsuccessful. In general the 
activity rating of the tumor was higher when it was 
transferred at 10 day intervals than at 15 day intervals. 
There were periods, as from the latter part of April 
to the early part of July, in 1940, and the latter part 
of March to the middle of June, in 1941, when the 
activity of these two lines of transfer tended to parallel 
each other. The  factor or factors responsible for this 
are not clear. There was a trend toward higher ac- 
tivity associated with successive serial passage. 

: EFFECT OF SEX ON REACTION OF HOST 

In earlier work with this tumor the sex of the host 
seemed to have no effect on the result of the implant  
(5) ,  but in subsequent serial passage it appeared that 
sex may be a factor. The  sex ratios of the different 
groups in passages from 31 through 132 were examined 
with the following results, in which ratio is expressed 
as ~ / ~ :  

Failure to grow . . . . . . . . . . . . . . . .  16birds ratio 1/1 
Growth and regression . . . . . . . . . . .  278 . . . .  .93/1 
Local growth . . . . . . . . . . . . . . . . . .  190 . . . .  1.51/1 
Growth with localized metastasis., t27 . . . .  t.70/1 
Growth with diffuse metastasis . . . .  229 . . . .  .94/1 

Ali birds . . . . . . . . . . . . . . . . . .  840 . . . .  1.036/1 

In 56 instances sex was not recorded and these 
could not  be included. A relatively higher ratio of 
males to females was noted in birds with local g rowth  
only and birds with growth with localized metastasis 
(ratios of 1.51/1 and 1.70/1, respectively) than in all 
birds (rat io 1.036/1). In the other three groups, the 
ratio of males to females was essentially similar to 
that of all birds. 

DISCUSSION 

The reactions of hosts bearing this lymphoid tumor 
seem to fall into a distinctive pattern, which can be 

interpreted as the result of interplay between the 
activity of the implant  and the resistance of the 
host. Thus  the respective reactions of no growth,  
growth and regression, local growth only, growth with 
local metastasis, and growth with diffuse metastasis 
represent either decreasing degrees of resistance in the 
host or increasing degrees of activity in the tumor  im- 
plant, or both. Which  is the more important  factor 
must be determined by the circumstances of each par- 
ticular case. Failure of an active inoculum to grow, 
or its regression, suggest resistance of the host, whereas 
progressive growth and diffuse metastasis suggest 
either the lowest degree of host resistance or the acme 
of activity in the inoculum. Since the same tumor 
material injected into a group of chickens provoked 
different reactions in different birds, it must  be as- 
sumed that the implants encountered varying degrees 
of resistance to their growth. 

The  hosts were essentially the same in all transfers; 
hence the increased activity of the tumor implants 
must have been due to serial transfer. This  enhance- 
ment of growth ability was more pronounced with 
transfers made at 10 day intervals than with transfers 
made at intervals of 15 days. 

CONCLUSIONS 

1. The reaction of a chicken after receiving an im- 
plant of the lymphoid tumor herein described will vary 
depending upon the activity potential of the tumor  and 
the resistance ot~ the host. 

2. In ascending order of severity these reactions are: 
failure of the graft, growth and regression, progressive 
local growth only, growth with localized metastasis, 
and growth with diffuse metastasis. 

3. Serial transfer of the tumor enhanced its ability 
to produce the more severe reactions. 

4. Transfer of the tumor at 10 day intervals was 
more effective in raising the growth activity of the 
tumor than transfer at 15 day intervals. 
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