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and i n  the development of a comprehensive theory of 
protein structure. These are  fields of great activity 
in  biochemistry, and in all of them the demand is f o r  
accuracy and more accuracy. 

The employment of a method of calculation which 
introduces needless error without any compensating 
advantage is strongly to be condemned. This is not 
the time for  a backward step, fo r  a relaxation of the 
standards of accuracy or f o r  the introduction of a 
new complication into a n  already sufficiently complex 
situation. 

Attention is drawn to this matter because several 
papers have recently appeared in which the use of 
the proposed method of calculation has apparently 
escaped the vigilance of the referees, and more a re  
to be anticipated. 

H. B. VICKERY 

RELATIONSHIPS O F  LYMPHOCYTES AND 
CANCER1 

FINDINGa direct correlation between the amount of 
lymphoid tissue in  the intestine and the incidence of 
spontaneous mammary tumors i n  several pure strains 
of mice2 suggested the idea that the lymphocyte might 
contribute to the growth of tumors or possibly even 
to instigate them. Lymphocytes have been considered 
in many studies on cancer, but practically all the ex- 
periments have been designed from the viewpoint that  
this cell and the lymphoid tissue has a part  in  im- 
munity to tumor transplants. The conclusions ob- 
tained have not been consistent, one group of investi- 
gators maintaining that the lymphocyte is  a factor t o  
immunity; the other, that this cell has no part.  

The approach used here is based upon histological 
association between the presence of lymphocytes and 
tumors and also upon correspondence i n  the growth 
and incidence of tumors and conditions that result in  
a n  increase or decrease in the number of lymphocytes 
within a tissue or throughout the body as a whole. 

iWamnzury tumors.  Records of metastases of mam- 
mary carcinoma in women and data obtained from 
animal experiments indicate a connection between 
mammary tumors and the presence of lymphocytes. 
Metastases of mammary carcinoma occur most fre-
quently i n  lymph nodes, organs normally composed 
chiefly of lymphocytes. I n  addition, lymphocytes are 
present in metastases to the liver13 in neoplastic foci 

1 The author is a recipient of a Finney-Howell Research 
Fellowship. 

2 M. -4. Kelsall. Paper in press. 

developed from burst lymphatics3 and between the  
elastic connective tissue and the epithelium contain- 
ing neoplastic cells in  Paget's disease of the nipple.4 

Animal experiments indicate several histological as- 
sociations between lymphocytes and mammary tumors. 
The mammary tumor inciter in  mice has been found 
i n  the milk, blood, spleen, thymus, lactating mammary 
tissue and breast tumors of certain strains high in 
their incidence of spontaneous mammary tumors.5. 
No cell is as numerous in  all these fluids and organs 
as is the lymphocyte; it  is a dominant histological ele- 
ment in  the spleen and thymus gland. Furthermore, 
lymphocytes occur i n  the milk of many animals and 
have also been identified in  the stomach contents of 
nursing mice. After centrifuging milk diluted with 
saline, the lymphocytes occur chiefly in  the sediment, 
very few remaining i n  the supernatant fluid. The 
milk factor in  mice has been found to be concentrated 
in  the ~ e d i m e n t . ~  

Breeding in pure strains of mice shows another con- 
nection between the incidence of spontaneous mani- 
mary tumors and lymphocytes. F o r  example, strain 
dba has only 51 per  cent. tumor incidence i n  virgins, 
but 85 per cent. in the breeding females; strain A 
shows a more marked difference by having less than 
5 per cent. in virgins and 84 per cent. i n  breeding 
f e ~ n a l e s . ~  One promineilt histological change in the 
manlrnary gland during pregnancy and lactation is 
the presence of quantities of lymphocytes. There a r e  
masses of lymphocytes in  the mammary gland of mice 
belonging to line dba during various stages of preg- 
nancy and lactation." 

Lymphocytosis.  The term "lymphocytosis" as used 
here will apply not only to a n  increase in  the circula- 
ting lymphocytes, but also to a n  increase i n  the num- 
ber of lymphocytes within an organ or tissue. 

Data exist to show that one inciter of tumors is 
irritation, whether it  be caused by chemicals, physical 
factors, radiation or  possibly by certain parasites and 
viruses. Regardless of its source, irritation produces 
histological changes involving the attraction of the  
white blood cells. Lymphocytes are present a t  neo- 
plastic foci caused by irritation. 

The increase in  blood lymphocytes that occurs i n  
some unbalances of the endocrines and in some in- 
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fectious diseases also indicates a positive relationship 
between lymphocytes and tumor growth. The sex 
hormones are  known to be a factor in  tumor pro-
duction; unbalance of the sex hormones has been 
found to stimulate growth of lymphoblastic tissue.1° 
Lymphocytosis occurs in  some stages of syphilis, a 
fact that may account f o r  the greater incidence of 
carcinoma of the lip i n  syphilitics.ll 

Lymphopenia. Not only are there correlations be- 
tween a n  increase in  the number of lymphocytes and 
~ncreased incidence and growth of tumors, but there 
are also correlations between a decrease in  the number 
of lymphocytes and decreased incidence and growth 
of tumors. 

Chronic inanition decreases both the blood lympho- 
cytes and the growth of tumors. Stern and Willheim 
state that "the prevailing majority of authors have 
expressed the opinion that food restriction is fol-
lowed by depression of neoplastic Animal 
experiments give evidence to prove that the amount 
and kind of food affects the incidence of tumor de- 
velopment. No tumors occurred in C3H mice placed 
upon a diet in  which the carbohydrates and f a t  were 
reduced to one third.13 Inanition has been found by 
Inany authors to reduce the number of circulating 
lymphocytes and to cause involution of lymphoid 
organs. 

Furthermore, observations have frequently been 
made that primitive societies are less well nourished 
and have a lower incidence of cancer14 and also that 
cancer is less frequent among people having pro-
gressive t u b e r c u l ~ s i s , ~ ~  a condition found by Sabinls 
to  be accompanied by lymphopenia. However, the 
statistical significance of these observations has not 
been established. 

The therapeutic effect of radiation agrees with the 
idea that a reduction in lymphocytes reduces tumor 
growth. Mottramle found that x-rays over a wide 
range of intensity caused a 50 per cent. decrease in  
the number of circulating lymphocytes, and &fichels17 
found that the lymph nodes underwent fat ty  involu- 
tion following x-rays. 

Nzccleus of the Lymphocyte. The most obvious 
characteristic of the small lymphocyte is its enormous 
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nucleus in  proportion to the amount of cytoplasm. 
No other cell in  adults has a nucleus nearly a s  large 
in proportion to the cytoplasm except sperm, cells 
that are known to initiate the division of another 
cell. Basophilic staining reveals that most lympho-
cytes have larger nucleoli and contain more nucleic 
acid than most cells. Staining also shows that  there 
are two kinds of small lymphocytes varying i n  their 
degree of basophilic staining. Stowellls thoroughly 
reviews the literature on thg role of thymonucleic acid 
i n  tumors and concludes that a disturbance of the 
nucleoproteins forms the basis fo r  a n  "intracellular 
cause of neoplasia." The lymphocyte may have a 
part  in  modifying nucleoproteins and be the source 
of the greater amount of thymonucleic acid found in 
carcinomas.lg 

There may also be a relationship between normal 
growth processes and quantitative chemical changes 
initiated by lymphocytes on the one hand, and ab- 
normal growth and abnormal lymphocytosis on the 
other. The thymus gland has long been thought to 
have a par t  in normal growth; a t  the present time 
thymocytes are  considered to be the same as lympho- 
cytes. Lymphoid tissue involutes with age, the de- 
crease being particularly coincident with the attain- 
ment of mature growth in the case of the thymus 
gland. I n  addition, those tissues of the adult that 
are  most active mitotically contain large numbers of 
lymphocytes. The bone marrow continues production 
of blood cells throughout life and contains quantities 
of lymphocytes. During pregnancy the mammary 
gland of the adult is also subjected to rapid growth, 
a change accompanied by the invasion of lymphocytes 
into this organ. 

Summary. Lymphocytes are present in  metastases 
of mammary carcinomas, i n  tissues containing the 
mammary tumor inciter and a t  neoplastic foci caused 
by irritation. Unbalance of sex hormones stimulates 
lymphoblastic tissue and increases tumor incidence. 
Inanition and radiation reduce the number of circu- 
lating lymphocytes and also the growth and occur-
rence of tumors. The nucleus of the lymphocyte is  
considered to be a possible factor causing a distur-
bance of the nucleoproteins. 
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WHAT IS EDUCATION AND WHAT IS 

DISPENSABLE? 


THE suggestions offexed by H. M. Dadourianl 
include two ideas which seem quite opposite. I fully 
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