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Therapy  of Chemica l ly  Induced Skin T u m o r s  of 

Anima l  expe r imen t s  car r ied  ou t  by  several  au tho r s  have  
shown t h a t  the  induc t ion  of ben ign  as well as of m a l i g n a n t  
epi thel ia l  t u m o r s  could be r e t a r d e d  or  even p r e v e n t e d  by  
sys temica l ly  appl ied  re t ino l  1 or r e t i n y l p a l m i t a t e  ~ (CHu 
and ~ALMGRI~N a, DAVIES 4, ~C~{ICHAEL 5, ROW'E and  
GORLIN s, SAFFIOTTI e t  alfl, SCHMAHLS). W h e r e a s  t hese  
inves t iga to r s  were  able  to  d e m o n s t r a t e  a p rophy lax i s  of 
epi the l ia l  tumors ,  a t h e r a p y  of es tab l i shed  t u m o r s  was  
only  ra re ly  a t t a i n e d  (BOLLAGg). This  p a p e r  deals  w i t h  t he  
t he r apeu t i c  inf luence of sys temica l ly  appl ied  re t iny lpa l -  
m i t a t e  and  re t inoic  acid ~ on es tab l i shed  skin  pap i l lomas  
of mice, induced  by  d i m e t h y l b e n z a n t h r a c e n e  and  cro- 
t on  oil. 

Materials and methods. Female  Swiss a lbino mice  of 
the  r a n d o m  bred  Fi i l l insdorf  s t ra in  were  fed the  mouse  
die t  Nafag  199, con ta in ing  2500 IU  of v i t a m i n  A per  kg 
food. Mice were housed  in ind iv idua l  cages. A t  the  begin-  
n ing of t he  e x p e r i m e n t  t he  mice weighed  20-22 g. 

Induction o[ skin papillomas. 7 ,12-Dimethy lbenz(a ) -  
a n t h r a c e n e  (DMBA) was appl ied  twice - on day  1 and  on 
d a y  15 - on the  shaved  skin of t h e  back  of mice.  150 y 
D M B A  dissolved in 0.2 ml  ace tone  were p a i n t e d  on the  
skin of each mouse  on an area  of a p p r o x i m a t e l y  5 cln 2. 
Af te r  an  in te rva l  of 3 weeks  0.5 mg  of c ro ton  oil d issolved 
in 0.2 ml  ace tone  were  appl ied  on the  skin  twice  a week  
for 3 t o  4 mon ths .  W h e n  the  papi l lomas ,  which  a p p e a r e d  
m o s t l y  as mul t ip le  ones, va ry ing  in m o s t  cases be twe e n  
5 a n d  10, had  reached  m e a n  d i ame te r s  of a t  least  4 m m ,  
the  t h e r a p e u t i c  t e s t  was  s t a r t ed .  

Characterisation o[ papillomas. Various  spec imens  of t h e  
pap i l lomas  were  his to logical ly  verif ied.  In  t h e  con t ro l  
g roups  t h e  g rea t  m a j o r i t y  of pap i l lomas  con t inued  to  
grow. Less t h a n  10% of t h e  pap i l lomas  showed  a t e n d e n c y  
to  regress  spon taneous ly .  Carc inomas  ar is ing e i ther  pr i-  
mar i ly  or ou t  of t h e  pap i l lomas  appea red  a b o u t  5 to  8 
m o n t h s  a f te r  t he  f i rs t  app l ica t ion  of DMBA. 

Therapy o[ shin papillomas. Groups  of 3-6 mice, each  
mouse  bear ing  an  average  of 7 tumors ,  received re t iny l -  
p a l m i t a t e  or re t inoic  acid i.p. by  in jec t ion  or oral ly  b y  
s t o m a c h  t u b e  e i ther  da i ly  on 5 days  of the  week or once 
a week for 2 and  6 weeks  respect ive ly .  R e t i n y l p a l m i t a t e  
was  p repa red  as a 2% w a t e r  miscible  solut ion by  m e a n s  
of a non  ionic emulsifier .  The  vehicle  con ta ined  8% Cremo- 
p h o r  ® und  10% p ropy lene  glycol, t l e t ino ic  acid was  
p r e p a r e d  as a suspens ion  in arachis  oil or as a 1% w a t e r  
miscible  solut ion in a s imilar  w a y  as r e t iny lpa lmi t a t e .  
The  w a t e r  miscible  solut ions  were  d i lu ted  wi th  wa te r  to  
ob ta in  lower concen t ra t ions .  The  vo lumes  given var ied  
b e t w e e n  0.2 ml  and  0.8 ml  per  20 g b o d y  weight .  Controls  
rece ived arachis  oil or t h e  vehicle  w i t h  the  emulsifier .  

EvaMation o/ numerical results. The  vo lumes  of t he  
pap i l lomas  were  ca lcula ted  w i t h  t h e  l o rmula  4/3 r 3 ~, 
r be ing  the  m e a s u r e d  m e a n  radius.  The  sum of pap i l l oma  
vo lumes  was  d e t e r m i n e d  for each mouse  and  t h e  m e a n  
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of these  values  was calculated.  This  was  done  before t he  
beg inn ing  of t r e a t m e n t  (day 0), as well as 2 weeks  (day 14) 
a n d  6 weeks  (day 42) r e spec t ive ly  a f t e r  t h e  f i rs t  drug  
appl ica t ion .  The  change  of t h e  m e a n  vo lumes  was  ex-  
pressed  in p e r c e n t  of t he  values  of d a y  0. S ta t i s t ica l  analys is  
was  done  by  t e s t i ng  the  s ignif icance of t h e  di f ferences  
b e t w e e n  m e a n  pap i l l oma  vo lumes  of day  0, d a y  14 and  
d a y  42 respec t ive ly  b y  m e a n s  of t he  (one-sided) t - test .  
The  ca lcu la ted  er ror  p robabi l i t i es  ~ va r i ed  b e t w e e n  0.05 
a n d  2.5°//0 e x c e p t  in some  cont ro ls  or  lowes t  dosage  groups.  
I n  add i t ion  the  d i s t r i bu t ion  free Wi lcoxon  tes t  for  m a t c h e d  
samples  was appl ica ted .  The  l a t t e r  led on ly  to  neglect ible  
d i f ferences  in t he  levels of s ignif icance c o m p a r e d  w i t h  
those  of t he  t- test .  

Results. W i t h i n  the  per iod of observa t ion ,  t he  cont ro l  
an imals  showed a progress ion of the  m e a n  pap i l loma  
growth.  There  was  an increase in t he  m e a n  vo lume  of 
the i r  pap i l lomas  va ry ing  in the  f i rs t  2 weeks '  per iod  
b e t w e e n  22.3 and  56.5%. This  signifies t h a t  a t  th i s  s tage 
of t he  pap i l lomas  the  progress ive  g rowth  exceeded  by  far  
t h e  t e n d e n c y  to  spon t aneous  regression.  In  c o n t r a s t  to  
t h e  controls ,  t he  t r e a t e d  an imals  showed  a regress ion of 
the i r  papi l lomas .  W i t h  r e t i n y l p a h n i t a t e  as well as w i th  
re t inoic  acid, t he  pap i l lomas  decreased  in size. F r o m  
Table  I i t  can  be seen t h a t  re t inoic  acid app l ied  i.p. in 
t h e  fo rm of oily suspens ions  has  a m a r k e d  effect  on the  
papi l lomas .  100 m g / k g  once a week  led w i t h i n  a per iod  
of 2 weeks  to  a r educ t ion  of t h e  m e a n  pap i l l oma  vo lume  
of 60.9%, whereas  400 m g / k g  even reduced  the  pap i l lomas  
b y  86.0%. The  shr inkage  of t he  pap i l lomas  can f i rs t  be  
obse rved  4-5  days  a f te r  an  in jec t ion  ol  re t inoic  acid.  The  
pap i l l omas  become  pa le  a n d  dry,  t h e y  decrease  in size 
and  some t imes  d i sappea r  comple te ly .  Tables  I I  a n d  I I I  
d e m o n s t r a t e  t h a t  wa te r  miscible  so lu t ions  of re t inylpa l -  
m i t a t e  as well as of re t inoic  acid given b y  t h e  oral  rou te  
elici t  t he  s ame  effect  on papi l lomas .  The e x t e n t  of regres-  
sion is dose -dependen t .  There  is no s igni f icant  d i f ference  
in the  effects  b e t w e e n  r e t i n y l p a h n i t a t e  a n d  re t inoic  acid 
w h e n  t ak ing  in to  accoun t  the  d i f fe ren t  molecular  weigh ts  

z Rctinol = all4rans-fl-retinol = vitamin A alcohol. 
Retinylpahnitate -- palmitate oI all4rans-fl.retinol = vitamin A 
palnfitate. 
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Table I. Results of treatment of skin papillomas during 2 weeks with oily suspensions of retinoic acid 

Retinoic acid 
dose 

Mean papilloma volume per animal in mm a 
day 0 day 14 

Change in mean 
papilloma volume 
per animal (%) 

Error 
probabilities 
=(%) 

Controls 1272.9 1841.4 + 44.7 = < 0.1 
100 mglkg once a week i.p. 910.3 356.3 --60,9 c¢< 2.5 
200 mg/kg once a week i.p. 1705.4 442.1 --74.1 = < 0.1 
400 mg/kg once a week i.p. 1132.8 159.1 --86,0 = < 0.25 
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Table II. Results of treatment of skin papillomas during 2 weeks with water miscible solutions of retinylpalmitate and retinoic acid 

Compound Mean papilloma volume per animal in mm s Change in mean Error 
dose day 0 day 14 papilloma volume probabilities 

per animal (%) ~ (%) 

Controls (vehicle daily p.o.) 456.8 558.7 + 22.3 c~ > 5 
Controls (vehicle once a week p.o.) 188.5 295.0 + 56.5 ~ <  2.5 

Retinoie acid 
20 mg/kg daily p.o. 381.2 151.8 --60.2 ~ <~ 0.5 
40 mg/kg daily p.o. 773.5 240.5 --68.9 *t < 0.05 

100 mg/kg once a week p.o. 203.9 146,l --28.3 0¢> 5 
200 mg]kg once a week p.o. 961.6 389.5 --59.4 0¢ < 0.05 
400 mg/kg once a week p.o. 897.8 193.1 --78.4 c~ < 0,05 

Retinylpalmitate 
40 mg]kg daily p,o. 286.9 154.8 --46.0 ~ < 0.5 
80 mg/kg daily p.o. 394.3 60.4 --84.7 ~ <~ 0.05 

200 mg/kg once a week p.o. 323.6 435.5 + 34.6 ~ > 5 
400 mg/kg orice a week p.o. 247.0 70.7 --71.4 ~ <  2.5 
800 mg/kg once a week p.o, 460.8 52.5 --88.6 ce <2 0.05 

Table III. Results of treatment of skin papillomas during 6 weeks with water nfiseible solutions of retinylpahnitate and retinoic acid 

Compound Mean papilloma volume per animal in mms Change in mean Error 
dose day 0 day 42 papilloma volume probabilities 

per animal (%) ~¢ (%) 

Controls (vehicle daily p.o.) 456.8 723.4 q-58.4 ~ ~> 10 

Retinoie acid 
20 mg/kg daily p.o. 381.2 124.6 --67.3 c¢<~ 5 
40 mg/kg daily p.o. 773.5 63.5 --91.8 ~<i 0.05 

Retinylpalmitate 
40 mg/kg daily p.o. 286.9 41.2 --85.6 ~<2 0.05 
80 mg/kg daily p.o. 394.3 50.3 --87.3 ~ < 0.05 

of r e t i n y l p a l m i t a t e  (524.8) and  of ret inoic acid (300.4). 
The  dai ly  a d m i n i s t r a t i o n  induces  a somewha t  h igher  
e x t e n t  of regression t h a n  the  weekly  appl ica t ion  if the  
t o t a l  doses are compared .  Af te r  cessat ion of t r e a t m e n t ,  
pap i l lomas  slowly t e n d e d  to  increase again in size. The  
toxic  effects  of t he  h ighes t  appl ied doses were  modera t e .  
T h e y  consis ted  in a t e m p o r a r y  weigh t  loss in t he  case of 
weekly  admin i s t r a t ion ,  which  did no t  exceed 10% of t h e  
b o d y  weight .  Some alopecia and  skin d e s q u a m a t i o n  were  
observed.  

Discussion.  The  above  m e n t i o n e d  resul ts  show clear ly 
t h a t  t he  t r e a t m e n t  w i th  r e t i ny lpa lmi t a t e  as well as w i th  
re t inoic  acid lead to  t he  regression of skin  pap i l lomas  
prev ious ly  induced  in mice by  pa in t ing  wi th  d i m e t h y l -  
b e n z a n t h r a c e n e  and  c ro ton  oil, No tab le  regressions t ake  
place ve ry  rapid ly .  The  fac t  t h a t  cancer  c h e m o t h e r a p e u t i c  
subs tances  e.g. cyc lophosphamide ,  f luorouraci l  and  pro-  
ca rbaz ine  h a v e  a lmos t  no effect  on these  skin pap i l lomas  
(]~OLLAGll), confers  pa r t i cu la r  i n t e r e s t  to  t he  an t i -papi l -  
loma  effect  of r e t i n y l p a l m i t a t e  a n d  re t inoic  acid.  This  
p h e n o m e n o n  could be i n t e r p r e t e d  e i ther  as a d i rec t  ef fect  
on t h e  pap i l lomas  in t h e  p rope r  sense of a chemothe ra -  
peu t i c  agen t  or as an  ind i rec t  ef fect  w h e r e b y  a defence 
m e c h a n i s m  m a y  be  s t imula ted .  Lack ing  def in i te  p roof  
we can on ly  specula te  a b o u t  t he  m o d e  of ac t ion  of re t inyl -  
p a l m i t a t e  a n d  re t inoic  acid.  

V i t a m i n  A is known  as a r egu la to r  of g rowth  and  dif-  
f e ren t i a t ion  of  epi thel ia l  t issue.  Therefore  r e t i ny lpahn i t a t e  
and  re t inoic  acid respec t ive ly  m a y  be able to  induce a 
reconvers ion  of neoplas t ic  epi thel ia l  t issue to  normal  
epi thel ia l  t issue,  in t h e  same w a y  as i t  was  shown in 

organ  cu l ture  t h a t  a carc inogen- induced  epithel ial  meta-  
p las ia  which  m a y  be cons idered  as a prerequis i te  for a 
neoplas t ic  t r a n s f o r m a t i o n  was  reconver ted  to  normal  
epi thel ia l  t issue b y  excess of ret inol  (LAsNITZKII~), 

V i t a m i n  A in high doses has  a lysosome labilizing effect  
(DINGLE 13, LUCY and  DINGLE 14, DINGLE and  L u c y  Is, 
13RANDES and  ANTON x~, ANTON and  BRANDES aT) w h e r e b y  
hydro lases  are released f rom the  lysosomes.  Pro teases  and  
nucleases  m a y  be responsible  for the  des t ruc t ion  of t u m o r  
cells, which  are pe rhaps  more  sensi t ive to the  ac t iv i ty  of 
these  enzymes  t h a n  non neoplast ic  cells. 

R e t i n y l p a l m i t a t e  as well as ret inoic acid in h igh  doses 
induce a marked  prol i fera t ion in the  ep idermis  (STu- 
DER 18,lfl, STUDER and FREY ~°, LA.UPPI~I). The  mi to t i c  
ra te  of the  cells of the  basal  layer  is increased.  If  th is  
p h e n o m e n o n  is elicited in the  papi l loma epi the l ium,  wh ich  
shows a l ready  a high mi to t ic  ac t iv i ty ,  th i s  t i ssue  m a y  be 

n W, BOLLAG, unpublished, 
12 I, LASNITZKI, Natn. Cancer Inst. Monograph t2, 381 (1963). 
12 j ,  T, DIN6LE, in Lysosomes, CIBA Foundation Symposium (Little, 

Brown and Co., Boston I963), p. 384. 
1, j .  A. Lucy and J. T. DINGLE, Nature, Lond. 20d, 156 (1964). 
xs j .  T. DmC, LE and J. A. Lucy, Biol. Rev. 40, 422 (1965). 
is D. BRA~DES and E. Ar~TON, Lab. Invest. t5, 987 (1966). 
x~ E. Ar~To.~ and D. BRA~DES, Expl mnlec. Path. 7, 156 (1967). 
18 A. STUDER, Sehweiz. Z. allg. Path. 13, 799 (1950). 
I~ A. STUDER, Z. ges. exp. Med. 121, 287 (1953). 
20 A. STUDER and J. R. FREY, Dermatologiea 101, 578 {1952). 
21 E. LXui, Px, unpublished. 
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driven to a ' lethal proliferation'. The growth becomes 
unbalanced to such an extent  that  the cells do not survive. 

A stimulation of the defence mechanism may also play 
a role in the regression of skin papillomas. Spontaneous 
regression of papillomas occur, I t  was shown that  X-rays 
and thymectomy delayed, whereas a methanol  extract  
of bacille Calmette-Gu6rin (BCG) accelerated the regres- 
sion of papillomas (LAPP~ and PREHN ~). I t  was assumed 
tha t  an immunologic surveillance is operative with regard 
to premalignant skin papillomas. The balance can be 
disturbed in both ways. Whereas immunosuppressive 
measures like irradiation and thymectomy may decrease 
the regression rate by diminishing immune reactions, 
immunostimutating agents, like extracts of BCG acting 
as adjuvants  may enhance the regression rate. Vitamin A 
has been shown to have an adjuvant  effect. Under the 
influence of retinol it was possible to obtain a certain t i ter  
of humoral antibodies towards an otherwise non immuno- 
genic protein (DRESSERga). 

The above mentioned results show tha t  it is possible 
to induce regressions of a benign epithelial tumor by 
compounds which do not belong to the well known classes 
of cytotoxic or antimitotic agents. Vitamin A compounds 
do not suppress mitotic act ivi ty  but  even enhance it. 
Thus the mode of action must be very different from that  
of the compounds used until now in the chemotherapy of 
tumors. After these first positive results in the t rea tment  
of a benign epithelial tumor we tried in animal as well as 
in clinical experiments to influence malignant  epithelial 
tumors. We succeeded to induce part ial  and in a few cases 
even total  regressions of chemically induced skin carci- 

nomas of mice arising from papillomas (BOLLAGll). 
Furthermore, in clinical trials locally applied retinoic acid 
besides reducing or eliminating actinic or senile keratoses, 
considered as precancerous epithelial lesions also caused 
part ial  or complete regressions of basal cell carcinomas of 
the skin (BOLLAG und O~rT~*). Thus vi tamin A and par- 
t icularly v i tamin  A acid may be considered as therapeutic 
agents affecting special types of tumors, but  possessing 
a mode of action completely different from tha t  of the 
known cancer chemotherapeutic agents. 

Zusammen[assung. Mittels Dimethylbenzanthracen und 
KrotonS1 wurden bei Miiusen Hautpapil lome erzeugt. 
Diese Tumoren wurden durch systemische Anwendung 
yon Ret inylpalmita t  und RetinsAure therapeutisch be- 
einflusst. Es kam zu einer deutlichen Regression der 
Tumoren, die dosisabhAngig war. Sowohl orale wie paren- 
terale tiigliche oder w6chentliche Applikation der ge- 
priiften Vitamin-A-Verbindungen waren wirksam. Der 
Wirkungsmechanismus wird diskutiert. Er  unterscheidet 
sich grunds/itzlich von demjenigen anderer tumorhem- 
mender Substanzen. 

W .  BOLLAG - 

Department o/Experimental Medicine, 
F. Ho//mann-La Roche & Co. Ltd., 
CH-4002 Basel (Switzerland), 26 June 1970. 

~2 M. A. LAPP~ and R. T. PREHN, Cancer Res. 2g, 2374 (1969). 
~a D. W. DRESSER, Nature, Lond. 2t7, 527 (1968). 
=* ~V. BOLLAG and F. OTT, Agents and Actions /, 172 (1970). 

I n t e r a c t i o n  o f  L e a d  w i t h  E r y t h r o c y t e s  

Blood lead is found mainly in association with the 
erythrocytes and only 5% or less is in the plasma. 
Studies with radioactive lead (Pb-203) in vi tro have 
shown tha t  plasma is rapidly cleared of lead by erythro- 
cytes and tha t  equilibrium is reached after approximately 
15 min (unpublished data). The kinetics of the reaction 
in vivo using Pb-210 have been reported by other 
authors 1 with essentially similar findings. The nature 
of this interaction has been the subject of speculation. 
Most workers have assumed tha t  the principal site involved 
was the erythrocyte membrane. AuB et al. ~ postulated 
that  lead was precipitated at  the surface of the mem- 
brane as the phosphate, but  later workers suggested tha t  
it was as the diphosphoglycerate a. Support for this view 
was given by the demonstrat ion tha t  membrane per- 
meabil i ty was altered by low concentrations of lead 4,~. 
The interference with ATP synthesis within the ceil has 
also been at t r ibuted to the interaction of lead with  a 
tigand at  the cell membrane rather than with an intra- 
cellular ligand% Conversely, lead is known to traverse 
the plasma membrane of nucleated cells wi thout  dif- 
ficulty~, 8 and also tha t  i t  traverses the erythroblast  
membrane since mitochondrial  abnormalities result in 
that  cell series in experimental lead poisoning 9. Evidence 
also exists for a lead binding compound within the 
erythrocyte 10, zl. 

We have therefore re-examined the lead-binding proper- 
ties of human erythrocytes and a t tempted to identify the 
cell fractions in which binding occurs. 2 techniques have 
been employed to separate erythrocytes into fractions 
of varying molecular weight, namely, Sephadex gel filtra- 
tion and ultracentrifugation. Fresh, washed erythrocytes 
were haemolyzed by freezing and thawing, and diluted 

10-fold with t~is-maleic acid buffer pH 7.0. 5 ml of 
haemolysate was passed upwards through a 100 × 2.5 cm 
Sephadex 200 column at 20 ml/h which had been calibrated 
with cytochrome C (Sigma Chemical Co., St. Louis); 
transferrin (Sigma Chemical Co., St. Louis) and y-globulin 
(A. B. t(abi, Stockholm). The elution volumes were cyto- 
chrome C 395 ml, transferrin 325 ml, v-globulin 290 ml. 
The effluent was monitored with a double-beam, flow- 
through UV-analyser at 254 nm (ISCO, model UA) prior 
to collection in 10 ml aliquots with a drop counting 
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Fig. 1. Gel filtration of human erythrocyte haemolysates on a 
column of Sephadex G-200. Elution with tris-maleic acid buffer 
pH 7.0. Lead binding of fractions determined at equilibrium by 
ultra-filtration ..... , bcfore; . . . .  , after preliminary ultra-centrifuga- 
tion at 60,000g for 4 h (3 × 23 ml M.S.E. 63 swing-out rotor). 


