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Beeinf lussung  des Generat ionszyklus  
schiedener Ploidie durch Cyc lophosphamid  

und seiner Tei lphasen bei Ehr l i ch -Asz i t e s tumoren  ver-  

I n  f r i iheren U n t e r s u c h u n g e n  wurde  gezeigt, dass  zwi- 
schen  d e m  d ip lo iden  (EAT dipl.) u n d  h y p e r t e t r a p l o i d e n  
E h r l i c h - A s z i t e s t u m o r  (ELT) deu t l i che  U n t e r s c h i e d e  im 
Zel lzyklus  (Genera t ionsze i t  u n d  Tei lphasen)  b e s t e h e n  1. I n  
den  vo r l i egenden  U n t e r s u c h u n g e n  wurde  gepriift ,  wie sich 
die zy to s t a t i s che  W i r k u n g  v o n  C y c l o p h o s p h a m i d  (Endo-  
xan |  auf  diese in  i h r em Zel lzyklus un te r sch ied l i chen  Tu-  
morze l l s t i imme auswi rk t .  Die B e s t i m m u n g  des Zel lzyklus  
erfolgte  n a c h  de r  Me t hode  de r  m a r k i e r t e n  Mi tosen  
(%-MM-Methode)  n a c h  QUASTLER u n d  SHERMAN 2 sowie 
n a c h  d e m  D o p p e l m a r k i e r u n g s v e r f a h r e n 3 ,  4. E i nze lhe i t en  
zur  Me thode  s iehe bei  LENNARTZ, MAURER u n d  EDER 5. 

Untersuchungsgut und Methodik. Zur  T u m o r e r z e u g u n g  
w u r d e n  m/ inn l i chen  N M R I - M ~ u s e n  ( I n s t i t u t  Iiir Ver-  
suchs t i e rzuch t ,  H a n n o v e r ;  Gewich t :  ca. 25g)  jeweils  
2 0 •  Tumorze l l en  i.p. appl iz ier t .  Cyc lophosPhamid  
(CPh) wurde  e inmal ig  i.p. v e r a b r e i c h t  (100 mg/kg) .  

~ 120 M~use e rh ie l t en  2 h n a c h  CPh-  
I n j e k t i o n  e inmal ig  T h y m i d i n - M e t h y l - 3 H  i.p. (50[xCi; 
2,0 Ci /mmol ;  N E N  Corp.,  USA).  Die T h y m i d i n - I n j e k t i o n  
m i t  nach fo lgende r  T 6 t u n g  der  Versuchs t i e re  in gestaf le l-  
t en  Ze i t i n t e rva l l en  e n t s p r e c h e n d  der  % - M M - M e t h o d e  
erfolgte  be im  E A T  dipl.  a m  4 ,  be im E L T  a m  2. bzw. 
4. Tag  pos t  inoc. B e s t i m m u n g  des P rozen t sa t ze s  de r  
m a r k i e r t e n  Mi tosen  bezogen  auf  alle Mi tosen  auf  den  yon  
Asz i t e sauss t r i chen  he rges te l l t en  A u t o r a d i o g r a m m e n  (K 2- 
Emuls ion ,  I l ford,  London) .  

Doppelmarkierungsverfahren. 10 EATdip l . -T ie re  erhiel-  
t en  a m  5., je 10 E L T - T i e r e  a m  2. bzw. 5. Tag  pos t  inoc. 
2 h n a c h  C P h - Z u f u h r  eine ers te  i . p . - In j ek t ion  v o n  Thy-  
midin-2-44C (10 vCi; 25-30 m C i / m m o l ;  N E N  Corp., USA-  
und  1 h sp~ter  eine zwei te  i . p . - In j ek t ion  von  T h y m i d i n )  
Methy l - a l l  (100 ~tCii 2,0 Ci/mmol).  

B e s t i m m u n g  des Verh~l tn i s ses  al ler  14C-markierten 
K e r n e  (mi t  u n d  ohne  3H-Markierung)  zu den  re in  3H- 
m a r k i e r t e n  K e r n e n  sowie des 3H-Mark ie rungs - Index  (Pro- 
zen t sa t z  al ler  3 H - m a r k i e r t e n  Zellen bezogen  auf  alle Zel- 
len) auf  den  v o n  Asz i t e sauss t r i chen  he rges te l l t en  Auto-  
r a d i o g r a m m e n  (Gs-Emuls ion,  Ilford, London) .  Aus  der  
H/ iuf igkei t  der  ve r sch i eden  m a r k i e r t e n  Kerne  u n d  d e m  
8H-Mark i e rungs - In dex  wurde  die D N S - S y n t h e s e z e i t  (S) 
u n d  Gene ra t i onsze i t  (T) be rechne t ,  n a c h d e m  G 2 + M  
( -  p r / imi to t i sche  R u h e p h a s e  -t- Mi tosedauer)  d u r c h  die 
% - M M - M e t h o d e  b e s t i m m t  worden  war.  Be rechnungs -  
m e t h o d e  siehe be i  LENNARTZ, MAURI~R u n d  EDER 5. 

Ergebnisse. Die Ergebn i s se  s ind in der  Tabel le  zusam-  
mengefass t .  B e i m  EATdip l .  f i nde t  s ich im S t a d i u m  des 
exponen t i e l l en  W a c h s t u m s  (5. Tag) n a c h  V e r a b r e i c h u n g  
v o n  C P h  eine Verl~ingerung der  D N S - S y n t h e s e z e i t  yon  
9 auf  2 2 , 5 h  n a c h  d e m  D o p p e l m a r k i e r u n g s v e r f a h r e n  
(DMV), v o n  11 auf  23,5 h n a c h  der  %-MM-Methode .  Die 
ve r sch i edenen  M e t h o d e n  l ie fer ten  somi t  gu t  i ibe re ins t im-  
m e n d e  Wer te .  Die mi t t l e r e  Ze i tdaue r  fiir (G 2 + M) zeigt  
n a c h  C P h  ebenfa l ls  eine VerlXngerung,  u n d  zwar  v o n  5 
auf  12 h. Die Gene ra t i onsze i t  dieses T u m o r s t a m m e s  
wurde  n a c h  C P h - B e h a n d l u n g  v o n  24 au f  46 h verl~ingert. 

B e i m  h y p e r t e t r a p l o i d e n  E h r l i c h - A s z i t e s t u m o r  (ELT) 
f inder  sich n a c h  C P h - B e h a n d l u n g  im f r t ihen  S t a d i u m  des 
exponen t i e l l en  W a c h s t u m s  (2. Tag) n a c h  d e m  D o p p e l m a r -  
k i e r u n g s v e r f a h r e n  eine Verl~ingerung der  S -Phase  yon  19 
auf  27 h ;  n a c h  der  % - M M - M e t h o d e  e rg ib t  s ich n a c h  CPh-  
B e h a n d l u n g  eine D N S - S y n t h e s e z e i t  yon  ca. 25 h. Die 
U n t e r s u c h n n g  des E L T  a m  5. Tag  pos t  inoc. (n ich t  m e h r  
s t r eng  exponen t ie l l e s  W a c h s t u m )  e r b r a c h t e  n a c h  d e m  
D o p p e l m a r k i e r u n g s v e r f a h r e n  zwischen d e m  u n b e h a n d e l -  
t en  T u m o r  (S -- 19,5 h) u n d  d e m  b e h a n d e l t e n  (S -- 19,8 h) 

ke inen  U n t e r s c h i e d  in der  L/~nge der  DNS-Syn theseze i t .  
Mit  der  % - M M - M e t h o d e  wurde  zu d iesem U n t e r s u c h u n g s -  
z e i t p u n k t  a m  E L T  n a c h  B e h a n d l u n g  m i t  CPh  eine D N S -  
S y n t h e s e p h a s e  y o n  25 h e rmi t t e l t .  Gegeni iber  der  f r i iher  
b e s t i m m t e n  D N S - S y n t h e s e z e i t  des u n b e h a n d e l t e n  Aszi- 
t e s t u m o r s  zum gleichen U n t e r s u c h u n g s z e i t p u n k t  we ich t  
dieser  W e r t  n u r  u m  4 h ab. W~thrend in de r  f r i ihen expo- 
nen t i e l l en  W a c h s t u m s p h a s e  (2. Tag) n a c h  dem Doppel -  
m a r k i e r u n g s v e r f a h r e n  b e i m  E L T  eine Ver lgnge rung  der  
Gene ra t ionsze i t  yon  37,5 auf  52,5 h ge funden  wurde,  war  
dies zu e inem sp~tteren U n t e r s u c h u n g s z e i t p u n k t  (5. Tag) 
n i ch t  m e h r  nachwe i sba r .  

Soweit  die U n t e r s u c h u n g s e r g e b n i s s e  andere r  A u t o r e n  s, 7 
m i t  den  e igenen  B e f u n d e n  ve rg le i chba r  sind, e rg ib t  s ich 
eine ~ b e r e i n s t i m m u n g .  Die e igenen U n t e r s u c h u n g s e r g e b ,  
nisse zeigen aber ,  dass, wie aus  der  Tabel le  he rvorgeh t ,  un -  
abh/ ingig  yon  de r  in a n d e r e n  u n v e r 6 f f e n t l i c h t e n  U n t e r -  
suchungen  b e i m  d ip lo iden  und  t e t r a p l o i d e n  Ehr l i ch -  
Asz i t e s t umor  fes tges te l l t en  W a c h s t u m s h e m m u n g  be- 
t rAcht l iche  U n t e r s c h i e d e  in der  A u s w i r k u n g  der  CPh-  
B e h a n d l u n g  auf  die P ro l i f e r a t i onsk ine t i k  von  T u m o r -  
zellen in Abh~tngigkei t  v o m  T u m o r z e l l s t a m m  bestehenS.  

Zusammenstellung der ffir den diploiden (EATd@/.) und hypertetra- 
ploiden (ELT) Ehrlieh-Aszitestumor erhaltenen Ergebnisse naeh 
dem Doppelmarkierungsverfahren (DMV) und der Methode der 
markierten Mitosen (%-MM) nach Cyelophosphamid-Behandlung 
(CPh) und bei Kontrolltieren (K) 

Tumorart DNS- Gene- (G.~ + M) m 
Synthesezeit rations- 
(S) h zeit 

DMV %-MM (T) h h 

EAT diploid CPh 22,5 23,5 45 12 
5. Tag K 9 11 �9 24 5 �9 

ELT hypertetraploid CPh 27 25 52,5 13 
2. Tag K 19 - 37,5 ca. 7 

ELT hypertetraploid CPh 19,8 25 41,5 12 
5. Tag K 19,5 ~ 21 ~ 41,2 �9 7 �9 

(G 2 + M)m = mittlere Zeitdauer fiir pr~imitotische G2-Phase + Mitose. 
Nach LENNARTZ, MAURER und EDER 1. 
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a Mit Unterstiitzung der Deutschen Forschungsgemeinsehaft. Herrn 
Prof. Dr. L. Rf;v~sz (Karolinska Institut Stockholm) danken wit 
ftir die Uberlassung des ELT. 
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Summary.  The effect  of the  alkylizing agent  cyclo- 
p h o s p h a m i d e  (100 mg/kg  i.p.) on the  cell cycle of the  
diploid (EAT dipl.) and hype r t e t r ap lo id  (ELT) Ehr l ich  
asci tes t u m o r  growing in the  per i toneal  cavi ty  of male  
N M R I - m i c e  has been s tudied  by  au to rad iog raphy  wi th  
H ~- and  CZ4-thymidine (double labelling technique  and 
m e t h o d  of labelled mitoses).  The resul ts  suggest  t h a t  the  
prol i fera t ion kinetics of t u m o r  cells af ter  admin i s t r a t ion  

of cyc lophosphamide  is d e p e n d e n t  essent ial ly  on the  t ype  
of t u m o r  s t ra in  tes ted.  

K. J. L]~NNARTZ, K .  D.  SIEMONEIT, 
K. U. BAHNTJE und  M. EDER 

Pathologisches Inst i tut  der Universitiit Kb'ln 
(Deutschland), 11. Dezember 1968. 

I m m u n o g l o b u l i n s  in H u m a n  Fetal Sera at Different Stages  of Gestat ion 

The synthes is  of IgM has been d e m o n s t r a t e d  in the  
h u m a n  fetus on the  twe l f th  week of gestat ion,  and t h a t  
of IgG somew ha t  latera, 2. Ceils producing  IgA have  no t  
been found  prenata l ly ,  a l though  at  least  one- th i rd  of 
neona tes  have this  immunoglobu l in  in the  serum 3,4. IgG 
in the  fetal  c i rculat ion is der ived a lmost  to ta l ly  f rom the  
mother ,  and  its level rises evenly  towards  b i r th  s s. The 
occurrence of IgD at  b i r th  is doub t fu l  9. I n fo rma t ion  
abou t  IgM and IgA in the  fetal  serum at  d i f ferent  s tages 
of deve lopmen t  is scan ty  and merely  qual i tat iveS;  only 
VAN FURTHet  al. 1 have  repor ted  IgM levels f rom 0.010 
to 0.146 mg/ml  in 11 out  of 15 fetuses wi th  a crown-heel  
length  of 22.5-39.5 cm. 

We have  s tudied  IgM, IgA, IgG and  IgD in a group 
of fetal  umbil ical  cord sera f rom dif ferent  s tages of 
gestat ion,  in a group of cord sera f rom pu ta t ive ly  hea l thy  
ful l - term new-borns  t aken  a t  delivery, and in correspond-  
ing ma te rna l  sera t aken  on the  same day  as the  fetal  and 
neona ta l  samples.  The fetal  sera were t rom legal abor t ions  
and p rema tu re  b i r ths  wi thou t  any evidence of infection.  
They  were collected carefully avoiding con tamina t ion  
wi th  the  ma te rna l  blood. The sera were s tored at  - 40 ~ 
unti l  examined.  The level of igM, IgA and IgG was 
de te rmined  by radial  immunodi f fus ion  in agar 1~ Com- 
mercial  specific ant i sera  were used: r abb i t  an t i - IgM and 
an t i - IgG f r o m  Behr ingwerke  AG (lot Nos. 1374 C and 
1334 B) and goat  an t i - IgA from Hyland  Labora tor ies  
(lot No. GP 9-65). Af te rwards  we became  aware t h a t  
these ant isera  migh t  give some cross react ions;  all results  
less t h a n  0.1 mg/ml  have  been conf i rmed by  the  use of 
ant i sera  p repared  by  us. Our an t i se rum to IgM has a l Ieady 
been descr ibed n,  an t i - IgA and an t i - IgG were p repa red  
by  imnmniz ing  rabb i t s  wi th  the  respect ive  immuno-  
globulins. IgA was isolated f rom h u m a n  colos t rum by  a 
combined  procedure  ~2,~a. IgG was purif ied by  D E A E -  
cellulose c h r o m a t o g r a p h y  of serum ~4 An t i - IgA was made  
monospecif ic  by absorp t ion  wi th  IgM and IgG, an t i - IgG 
wi th  IgM and IgA. The occurrence of IgD was examined  
by  double  di i fusion in agar  wi th  r abb i t  an t i - IgD f rom 
Behr ingwerke  AG (lot No. 1310). Reference sera conta in ing  
known amoun t s  of IgM, IgA and IgG were supplied by  
Behr ingwerke  AG and  Hy land  Laborator ies .  The var ia-  
t ion coefficient  for IgM quan t i t a t i on  was 15%, for IgA 
18% and  for IgG 8.3%, each calculated f rom 4 6 deter-  
mina t ions  of one fetal  sample  on d i f ferent  plates.  

The results  are shown in the  Figures  1 and 2. The 
smal les t  fetus wi th  de te rminab le  IgM was of a crown-heel  
length  of 14.0 cm and weighed 75 g. Out  of 26 fetuses  
below 25 cm, IgM was d e m o n s t r a t e d  in 13. I t  was a lways 
found in the  fetuses  grea ter  t han  25 cm (after the  20th 
week of gestat ion),  and in the  ful l - term new-borns .  The 
neona ta l  level was 0.13 • 0.14 mg/ml  (mean • S.D.) 
being one-e ighth  of the  ma te rna l  concent ra t ion .  A cor- 
relat ion be tween  the  fetal  length  and log IgM concent ra-  

t ion could be observed ( r -  0.85, P <  10 6). IgA was 
d e m o n s t r a t e d  in the  sera of 3 p r e m a t u r e s ;  a t  the  earl iest  
in one of 41 cm and  1680 g. In  the  neona tes  it was found 
in 30 f rom 81 (37%). The neona ta l  mean  value, including 
zeroes, was 0 . 0 2 •  0.10 mg/ml .  The ma te rna l  level was 
one h u n d red  t imes  greater.  Concordan t  co rd /ma te rna l  
ra t ios  and cord concen t ra t ions  for IgM and  IgA have  
been repor ted  previously  4,~s. Ne i ther  the  neona ta l  IgM 
nor IgA value was d e p e n d e n t  on the  ma te rna l  one. No 
correla t ion could be observed be tween  the  levels of IgM 
and  IgA in the  neonates .  

Linear  correla t ion was es tabl ished be tween  the  fetal  
length  and log IgG concen t ra t ion  (r 0.81, P <  10 5). 
IgG was found in all sera s tudied.  The neona ta l  mean  
12.0 • 4.3 mg/ml  was s ignif icant ly  higher  t h a n  t h a t  of 
the i r  own mothers ,  8 . 6 •  3.2 mg/ml  ( P <  0.01 by  Stu- 
d en t ' s  t-test). These observa t ions  are cons i s ten t  wi th  
previous results  based on e lec t rophore t ic  5,6 and immuno-  
chemical  ~,lv IgG de te rmina t ions  as well as wi th  the  
t ransfer  from mo t h e r  to fetus of specific viral  and bac- 
terial  an t ibodies  of IgG class 18 Agreemen t  was also found 
wi th  the  conclusion ~7,1s t h a t  ma te rna l  and neonata l  ant i -  
body  levels are not  direct ly  correlated.  
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