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Certain forms of inborn immunodeficient s tates in infants are  believed to a r i se  as a resul t  of dis turb-  
ances in the maternal  immune sys tem [ 1, 10]. Inborn defects of the immune sys tem can be obtained experi-  
mentally after induction of a graft  versus  host react ion (GVHR) in female mice during pregnancy [2-4, 5, 7 ]. 
The mechanism of onset of immunologic dis turbances  in the offspring of mothers  with a GVHR is not clear .  
Attempts to prove that they a re  due to penetrat ion of lymphocytes f rom mother  to fetus have not been succes s -  
fill, [6 ]. Since the development of the GVHR is accompanied by the formation of var ious  humoral  factors  [12] 
and by activation of oneogenie vi ruses  [14], the possibi l i ty cannot be ruled out that these agents may be t r ans -  
mitted f rom mother  to progeny through the placent a and milk and exer t  a harmful  action on the immune sys -  
tem. 

The object of this investigation was to study whether immunologic dis turbances  a r i se  in mice born f rom 
normal  mothers  but fed by mice with an induced GVHR. 

E X P E R I M E N T A L  M E T H O D  

Experiments  were ca r r i ed  out on (CBA • C57BL/6)F1 mice aged 3-4 months. Females  were c ros sed  
with the same line of males.  A GVHR was induced in the pregnant  animals 1-2 days before giving bir th  to 
their  young, by intravenous injection of 60 million living lymphocytes f rom the spleen and lymph nodes of 
C57BL/6 mice. Full details of the method of induction of the BVHR were  descr ibed  previously [4 ]. After  the 
bir th of their young, l i t te rs  of mice born f rom normal  mothers  were  fed by the mothers  with the induced 
GVHR. To exclude the possibil i ty of death of the offspring f rom possible lack of milk, each l i t ter  was fed by 
two or  three mother  mice simultaneously,  and after the 14th day, they were re turned to normal  lactating fe-  
males.  The total number  of leukocytes and lymphocytes in the blood was determined in the o f sp r ing .  Some 
of the mice were killed and their  T- lymphocyte  population in the spleen and lymph nodes was determined by 
the microcytotoxic  tes t  [11, 13]. Ability to give an immune response  also was studied. For  this purpose the 
mice were immunized intraperi toneal ly with 200 million sheep 's  e ry throcytes  ( thymus-dependent  antigen) or 
with 10 mg typhoid VI-antigen (thymus-independent),  and on the 5th day after  immunization the number  of 
p laque-forming cells (PFC) was determined in the spleen by the local hemolysis  in agar  method [8 ]. The 
state of transplantation immunity was determined f rom the duration of survival  of skin al lografts  f rom DBA/2 
mice. Some mice dying or  killed in a poor condition were autopsied. Tissues were  fixed in Carnoy ' s  fluid and 
embedded in paraffin wax; sections were stained with hematoxylin-eosin,  Congo red, by Brache t ' s  method, and 
with Sehiff 's reagent  by Hotchkiss '  method. Mice born  and fed by normal  mothers  served  as the control.  The 
significance of differences between experimental  and control  resul ts  was determined by F i s h e r ' s  method for 
a fourfold table. 
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TABLE 1. hnmunologie Indices for  Mice Born f rom Normal Mothers but Fed by Mice with 
Induced GVHR (ari thmetic mean and limits of variat ions)  

Total number Number of 
of leukoeytes, lvmphocytes 

Group of ani- Age of mice thousands/~l in 1 gl 
mals blood blood, % 

l 
(experiment) 

(experiment) 

3 (control) 

4 (experiment) 

5 (control) 

30--40 days 

3,2 (1,2--7,8)* 
n=20 

7,7 (2,3--I0,2) 
n=20 

7,8 (5,2--9,8) 
t~=15 

12-- 15 mdnth~ 

4,8 (2,0--22,4) 
n=20 

6,8 (3,8--I 1,2) 
n=20 

34 (18--49)* 
n=20 

81 (60--88) 
n = 2 0  

72 (60--82) 
n=15 

42 (12--88)* 
n=20 

62 (38--70) 
n =  20 

Nurnber of T-!ympho-. Number of FFU per l0 s spleen 
cytes (cytotoxtc index in %) cells after immunization with 

t. lymph Vi-antigen spree n nodes 

38 (30--61)* 
n=8 

61 (38--72) 
n=  10 

59 (48--68) 
n=lO 

31 (4--42)* 
n=lO 

106 (56--185) 
n=lO 

128 (68--170) 
n=  10 

17 (8--22)* 
n=8  

24 (12--41) 
n=lO 

27 (20--36) 
n=lO 

32 (13--42)* 
n =  10 

48 (40--66) 
n =  10 

112 (52--166)* 
n=15 

62 (49--82) 
n = t 5  

16 (11--38)* 
n=lO 

26 (22--38) 
n=lO 

sheep's ery- 
throeytes 

42 (I0--56)* 
n= i0 

96 (52--162) 
n=lO 

130 (44-- 175) 
n=lO 

115 (38-145) 
n=15 

128 (85--[77) 
n=15 

*Differences between experiment and control statistically significant (P < 0.025). 

EXPERIMENTAL RESULTS 

Young mice fed by foster mothers with an induced GVHR developed normally for the first 3-4 weeks af- 
ter birth and were outwardly indistinguishable from the control. In the second month of life some of them be- 
gan to be retarded in body weight, and 15 of the 92 mice (16.2Y0) died at the age of 1.5-3 months. An increased 
mortality also was observed in the second year of life, as a result of which only 23 of the offspring (24.8%) 

survived until the age of 2 years. Inthe control, 29 of 35 mice (82.8~) survived to this age. 

A study of the immunologic status of the mice at the age Of 30-40 days showed that most animals re- 
tarded in weight (by 20% or more) (Table I, group I) had leukopenia and lymphocytopenia, as well as a re- 
duced number of T-lymphocytes in the spleen and lymph nodes; the number of PFC in the spleen was reduced 
after immunization with Vi-antigen and sheep's erythrocytes compared with the control (Table i, group 3). 
Skin allografts were rejected by the experimental mice on average after 15.2 days compared with 11.7 days in 
the controls (P < 0.025). In mice with no clinical signs of disease in the second month of life (Table I, group 
2) no significant disturbances of immunologic status were found. In the experimental mice investigated at the 
age of 12-15 months (Table I, group 4) a statistically sig-nifieant decrease in the number of lymphocytes in the 
blood and a decrease in the number of T-lymphocytes in the spleen and lymph nodes were found. The immune 
response to Vi-antigen was considerably increased compared with the control (Table I, group 5). 

In all the experimental mice which died at the age of 2-3 months severe atrophy of the spleen (12-42 rag) 
and the thymus (2-23 rag) was found (51-118 and 35-80 nag respectively in the control). Histologically, a de- 
crease in the number of small lymphocytes was discovered in the thymus-dependent zones of the spleen and 
lymph nodes; the predominant cells were medium-sized and large lymphocytes, reticulum-eells, and plasma 
cells. Marked hypoplasia was found in the thymus with absence of subdivision into cortex and medulla. In 4 of 
9 mice amyloidosis was visible in the liver and spleen. Islands of atypical reticulum cells, infiltrating the 
capsule and trabeculae (Fig. la), were found in two mice in the spleen and lymph nodes, and in one of them 
they were found in the liver and lungs at the same time. These changes were assessed as a manifestation of 
malignant transformation and reticulum-cell tumors were diagnosed (Dunn's class iciation [9 ]). The tumor 
cells were large, pale cells of irregular shape with a vesicular nucleus. 

Amyloidosis (Fig. Ib), often accompanied by disappearance of cells from the lymphoid tissue, was pres- 
ent in the liver and spleen of II of the 17 mice which died in the second year of life. Among the cells which 
still remained most were pyroninophilic blast cells, megakaryocytes, and histiocytes. Foci of infiltration 
lymphoeytes and histiocytes, containing" numerous plasma cells, appeared in the liver, kidneys, and lungs. In 
four mice the liver, spleen, and lymph nodes were greatly enlarged; histologically lymphocytic neoplasrna 
were diagnosed in these young animals (Fig. Ic). The tumors discovered were transplanted into adult (CBA • 
C57BL/6)F t mice. Neither amyloidosis or tumors could be found in the control mice. 

R can be concluded from these results, together with those of previous investigations [2, 4, 5], that 
pathological processes of the GVHR type in the maternal immune system are accompanied by the formation 
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Fig. 1. Photomicrograph .  Histological  changes in mice  fed 
by fos t e r  mo the r s  with induced GVHR" a) Re t icu lum-ce l l  
tumor  in l iver ,  630 x; b) amyloidos is  of l iver ,  280 x; c) 
lymphocytic  neop lasm in l iver ,  280 x. Hematoxyl in-eos in .  

of f ac to r s  which can contribute to the onset  of immunologic  d i s tu rbances  in the offspring,  being t r ansmi t t ed  to 
them via the placenta  and the m o t h e r ' s  milk. 
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