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ALPHA-FETOPROTEIN SYNTHESIS IN DIFFERENT LINES 

OF ADULT MICE DURING REGENERATION OF THE LIVER 

V. S. Poltoranina and T. V. Sorokina UDC 612.6.03: 612.35.015.36: 612.124:612.64 

The concentration of atpha-fetoprotein (AFP) in the sera of adult mice of 12 different lines and 
F l hybrids of lines SWR and B10D2 was determined by radioimmunodiffusion in agar during 
regeneration of the l iver after poisoning with CC14. In the mice of 6 of 10 lines differences in 
the AFP concentration between females and males were statistically significant. Interlinear dif- 
ferences also were found: The mean AFP concentrations in the sera of inbred C57BL/6 and 
B10D2 mice were significantly lower than the corresponding values for mice of most other 
lines. The F l hybrids were intermediate as regards their AFP concentration between the two 
parental lines. Small but statistically significant differences were found between groups of 
male F 1 hybrids in direct and reciprocal crosses.  It is suggested that induction of AFP syn- 
thesis during regeneration of the liver in adult mice is under polygenic control. 

KEY WORDS: alpha-fetoprotein; regeneration of the liver; interlinear differences; genetic con- 
trol .  

Alpha-Fetoprotein (AFP), the principal protein of embryonic serum is present in adult animals and man 
in very low (nanogram) concentrations [2, 10, 13]. During regeneration of the liver after partial hepatectomy 
or poisoning by various hepatotoxins, there is a sharp but transient increase in the AFP level in the animals'  
blood [3, 4, 6, 12, 15]. 

In a few cases differences in the intensity of AFP synthesis have been found in mice of different lines 
during regeneration of the liver [1, 12]. A detailed analysis of such differences could provide an approach to 
the study of the genetic control of induction of AFP synthesis in the adult. 

In the investigation described below AFP was determined quantitatively during regeneration of the liver 
in the sera of mice of different genotypes. 
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TABLE 1. AFP Concentrat ions in Sera of Mice of 12 Inbred Lines,  Aged 13-14 Weeks, 
3 Days af ter  CCI 4 Poisoning 

Lines of mice 
Index B A L B/c S W R CC57 Br 

Number of mice 
M • m, /Jg/ml 
P9--o" 
P(y--QBIOD2 
Pcf--QC57BL/5 

23 36 
547• 199+_20 

<O.OOI 
<o,ooi 
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i 
36 i 33 

213~17 i 143-t.-10 
<0,001 
<0.001 
<0201 

24 54 
209___20 t 139_+12 

<0,ool 
<o,ooi 
<o.ooi 

CC57W C3HISn 

9 ] d' 9 d 

!,r[ ,3 ,3 
170--,+-23 171• 135+21 I 115+_22 

<o,ol < o , 1  
<o.ooi < o , o o 1  
<o.ool <020] 

AKR Af 

ll 19 
119• 142-t-I3 
Pd-o =0. I 
P <O.OI 
Q--QBIOD2 

PQ--QC57BL,6  <0,001 

0 cf 

24 38 
39_+7 107_+18 

P d _  _c~0,0ol 
Pg--gsl 0D'2 ~.0,I 

P Q_QC57BL/6<O.O01 

Lines of mice 

129/SV-- C57BL He 
SLCP ! 

19 13 j 
114--4-_24 6I• 

<o,oi <o,ol I 
<o.ool <o.oo1 i 

/ 
C57BL 10Sr BIOD2 j C57BL ,3 

_ I 2:3 
42+722+9 28+4 115+3 7+2 I 6+~ 

< o , ~  - < o . o ~ -  - :.-:b,i - 
~<0, l <0.01 I P~ 1 qD'2--Q Q0'05 

< o ,  l < 0 . 0 5  [ < o ,  

TABLE 2. AFP Concentrat ions in Sera of 
F 1 Hybrids  Aged 13-14 Weeks 3 Days after 
CC14 Poisoning 

Hybrids 
Ind ex 

F1 (QSWRx FI(QBIOD2x 
Xo'BIOD2) :< ~SWR) 

4 f  um e, ofmi e % ~ 17 
hi• #g/ml 135+35 86.+.6 111+25 67+6 
P Q--~ --~0[1 -- --~0,1 -- 
Pd--d [ <0,05 

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

Virgin females  and males  of 12 inbred l ines of mice aged 13-14 weeks, obtained f rom the nurse ry  of the 
N. F. Gamaleya Institute of Epidemiology and Microbiology, and f i rs t  generation (F1) hybrids bred by the 
wr i te r s  were used (Tables 1 and 2). 

Regenerat ion of the l iver  was induced in mice by poisoning with CC14 vapor [4]. The mice were kept in 
groups of 8-10 animals  for  15 rain in a g lass  exs icca tor  with a capacity of 3.5 l i t e r s  air  (0.015 ml CC14 per 
l i ter  of air) .  

Changes in the level of synthesis  of the AFP in the blood after  CC14 poisoning were studied in male mice 
of nine inbred lines. F r o m  3 to 6 measurements  of the AFP concentrat ions were made on each individual ani- 
mal .  Blood samples  were taken f rom the r e t ro -o rb i t a l  sinus of the mice 2, 3, 4, 6, 7, 8, and 11 days after 
CC14 poisoning. To compare  the AFP concentrat ion in the sera,  mice were decapitated 3 days after inhalation 
of CC14. 

All the mouse sera  were examined by the precipitat ion tes t  in agar  with a standard tes t  system against 
mouse AFP [7]. Quantitative data were obtained by radial  immunodiffusion in agar [9]. As the standard for 
the calibration curve,  mouse AFP  twice purified by e lec t rophores is  in polyacrylamide gel [5] was used. The 
protein concentration in the AFP  preparat ion,  dialyzed against distilled water,  was determined with a spec-  
t rophotometer ,  assuming that for  mouse AFP  E( l%/1  cm) 278 nm= 4.15 [14]. The quantitative l imit  of sensi-  
t ivity of the radial  immunodiffusion method in these experiments  was 6 # g / m l  and the qualitative l imit  about 
3 g g / m l .  The purified prepara t ion of mouse  AFP and ant iserum against it were generously provided by 
A. K. Yazova.  

E X P E R I M E N T A L  R E S U L T S  

The data on the AFP concentrat ion in the blood of male mice of nine inbred l ines at different t imes  af ter  
CC14 poisoning a re  given in Fig. 1. The pat terns  of the dynamics of AFP synthesis in the mice of all l ines were 
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Fig.  1. AFP concentra t ions  in se ra  of male mice of 
nine inbred lines at different t imes  af ter  CC1 a poison- 
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Fig.  2. Curves  of distribution of male mice  by serum 
AFP  concentrat ions 3 days after CCI 4 poisoning. 

in good agreement  with data obtained by other workers  [4, 6, 8, 12, 15]. An increase  in the AFP level was 
observed  after  2 h, the maximum was reached after  3-4 days, by the 6th-7th days the AFP level had s tar ted 
to fall, and by the l l t h  day after  poisoning as a rule  no AFP could be found in the blood of the mice.  In three 
l ines of mice - C 57BL/He,  C 57BL/10Sn and, in par t icular ,  in B10D2 - the mean AFP levels  were  significantly 
lower  than in the res t ,  at all t imes  of examination. 
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Since the dynamics  of AFP  in the different  l ines  of m i c e  was s i m i l a r ,  they could be  compared  with r e -  
spect  to the i r  AFP  concentra t ion during r egene ra t ion  of the l i ve r .  The s e r a  were  invest igated 3 days  a f te r  
poisoning, for  it i s  at  that  t ime  that  the highest  AFP  concentra t ions  were  obse rved  in the blood of m o s t  l ines  
of mice  and, in pa r t i cu l a r ,  in l ine B10D2 (Fig. 1), which was  l a t e r  used to obtain F i hybr ids .  The  data for  
AFP  concentra t ions  in the  s e r a  of m i c e  of 12 inbred l ines  and F i hybr ids  a r e  given in T a b l e s  1 and 2. 

Cons iderab le  individual va r i a t ions  in AFP concentra t ions  were  found in the s e r a  of each inbred l ine of 
mice  (Figs .  1 and 2). However ,  despi te  th is  fact ,  in mice  of 6 of 10 l ines  s ta t i s t ica l ly  significant d i f fe rences  
we re  found for  the AFP concentra t ion in f ema le s  and m a l e s  (Table 1). In f ive l ines  of mice  (BALB/c ,  SWR, 
CC57BR, BIOD2, CC57W) the mean  s e r u m  AFP  concent ra t ions  were  h igher  in f e m a l e s  than in m a l e s  (P < 0.01). 
In mice  of l ine A, however ,  the mean  AFP concent ra t ions  in the s e r a  were  higher  in m a l e s  (P < 0.001). 

Compar i son  of the different  l ines  by the i r  s e r u m  AFP concentra t ions  showed that,  despi te  cons iderable  
physiological  d i f fe rences  within each l ine,  two inbred l ines  could be dist inguished (C57BL/6  and B10D2) in 
whose s e r a  the mean  AFP concent ra t ions  were  significantly lower  than the cor responding  values  for  the mice  
of mos t  o ther  l ines  - 8 l ines for  B10D2 and 10 l ines  for  C 5 7 B L / 6  mice  (Table 1). 

Di f fe rences  in the intensi ty of AFP synthes is  in di f ferent  l ines  of mice  a r e  evidently unconnected with 
d i f fe rences  in the i r  sens i t iv i ty  to the dose of CCI 4 used.  I t  was  shown prev ious ly  that  AFP synthesis  is p r o -  
por t ional  to the dose of CCI~ up to a ce r ta in  l imit ,  but with a fu r the r  i nc r ea se  in dose the an ima l s  died [4]. 
A dose of CCI 4 was used  in the p r e s e n t  expe r imen t s  at which the AFP  concentra t ions  were  close to the i r  max i -  
mal  va lues ,  but the was tage  of mice  was  compara t ive ly  smal l .  I n t e r l i nea r  d i f fe rences  in AFP synthes is  also 
were  obse rved  in another  s e r i e s  of expe r imen t s  in which CC14 was given in f requent  repea ted  doses ,  when the 
dose effect  was cancel led out. 

Stat is t ical  ana lys is  of the data for  F I hybr ids  showed that  they occupy an in te rmedia te  posi t ion for  AFP 
synthes is  between the two parenta l  l ines  (Table 2, Fig.  2). D i f fe rences  in AFP synthes is  between f e m a l e s  and 
m a l e s  c h a r a c t e r i s t i c  of the mice  of the paren ta l  l ines  were  evidently p r e s e r v e d  in the F i hybr ids .  The low 
leve l s  of s ignif icance can mos t  probably  be explained by the fact  that  the number  of s e r a  of f emale  F i hybr ids  
analyzed was too smal l  (Table 2). 

Small  but s ta t i s t ica l ly  significant  d i f fe rences  (P < 0.05) were  found between groups  of male  F i hybr ids  
obtained by d i r ec t  and r e c i p r o c a l  c r o s s e s  (Table 2, Fig.  2). I t  can tenta t ively  be suggested that  one of the genes 
par t ic ipa t ing  in the regula t ion  of AFP  synthes is  during r egenera t ion  of the l i ve r  is l inked with the sex  ch romo-  
some,  but the ro le  of  th is  gene in the act ivat ion of AFP synthes is  is a minor  one. However ,  because  of the 
insuff icient  number  of s e r a  f r o m  the F i hybr ids ,  no final conclusions can be drawn. 

I t  has  r ecen t ly  been shown that  the background AFP level  in adult m i c e  is  control led by one autosomal  
gene. However ,  the action of th i s  gene is not man i fes ted  during the regula t ion  of AFP synthes is  in the ear ly  
postnata l  per iod  [11]. The  ro le  of th is  gene in the induction of AFP synthes is  during regenera t ion  of the l i v e r  
is  not c l e a r .  

The  r e s u l t s  point to genetic control  ove r  the induction of AFP synthes is  during regenera t ion  of the l i ve r  
in adult mice  a f t e r  CCI 4 poisoning.  Control  ove r  AFP synthes is  during r egenera t ion  of the l ive r  is evidently 
polygenic  in c h a r a c t e r .  However ,  to solve this  p rob l em it will be  n e c e s s a r y  to inves t igate  F I and F 2 hybrids  
cont ras t ing  with each o ther  with r e s p e c t  to the synthes is  of this prote in .  

The  authors  a r e  grateful  to G. I .  Abelev and N. N. Medvedev for  the i r  constant in te res t  in the work  and 
support .  They  a r e  indebted to N. V. I~ngel 'gardt  and T.  L. ]~raizer for  useful d iscuss ion  of the r e s u l t s .  
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E F F E C T  OF A N T I H E P A T O C Y T O T O X I C  S E R U M  ON DNA 

S Y N T H E S I S  IN THE RAT 

I .  N.  A l e k s e e w a  UDC 615.373.616.36-002.616-003.93 

Incorporation of thymidine-~'rI into parenchymatous and reticulo-endothelinl cells of the liver 
was studied autoradiographically in adult female ra ts  t reated with small doses (0.06 ~g/100 g 
body weight per injection) of antihepatocytotoxic serum (AHTS), the T-globulin isolated from it 
(7AHTS), and the T-globulin fraction of normal rabbit serum (TNRS) to intact animals and to 
ra t s  with liver damage caused by carbon tetrachloride (CC14). Following injection of ~/AHTS 
and, to a l e sse r  degree, of ANTS into intact animals the index of labeled nuclei of both the 
parenchymatous and the reticulo-endothelial cells was increased. When given after prelimin- 
ary CC14 administration, ~/AHTS stimulated reparat ive regeneration.  The action of TANTS 
took place in phases: A period of increase in the index of labeled nuclei was followed by a 
period of decrease,  and this again was followed by a fresh period of stimulation of proliferative 
processes .  

KEY WORDS: liver; antihepatocytotoxic serum; carbon tetrachloride; index of labeled nuclei. 

A definite role in the activity of organs under normal and pathological conditions is ascribed to antitissue 
autoantibodies. The possibility of their  participation in the growth of organs has been discussed [5]. The 
problem of their harmful and protective action is in process of solution [7, 10, 13, 15]. The use of heterogeneic 
antibodies may help to solve this problem. 

Small doses of antihepatocytotoxio serum (AHTS) have been shown to have a normalizing action on the 
functions of the l iver  and its metabolism, when disturbed by carbon tetrachloride (CC14) or by exogenous bile 
acids [1-3, 8]. 

The protective action of antibodies is largely ascribed to neutralization of the antigens formed during 
t issue destruction [6, 7]. However, a stimulating action of antibodies on the organ may also be expected. There 
are  two possible pathways for  this to occur.. Either antibodies stimulate metabolic processes  only in the cyto- 
plasm of the cell and enhance its functional capacity, or, under the influence of antibodies, DNA replication and 
cell proliferation take place. It has been shown that AHTS increases the mitotic index in the l iver  of intact 
ra ts  [4, 14]. 

The object of this investigation was to study incorporation of thymidine-~  into liver cells (parenchy- 
matous and reticulo-endothelial) of ra ts  following injection of small doses of ANTS, of the 7-globulin fraction 
isolated from it (TANTS), and the T-globulin fraction of normal rabbit serum (TNRS) into intact animals and 
to animals with l iver  damage caused by CC14. 

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

Experiments were carr ied out on female Wistar ra ts  weighing 170-200 g. The AHTS for ra ts  was ob- 
tained by immunizing rabbits with a saline extract  of ra t  l iver .  The t i ter  of the serum in the complement 
fixation tes t  was 1: 320. 7-Globulin was isolated from the ANTS and NRS by Kendall's method [12]. 
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