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At  f i r s t  s i gh t ,  sugges t i ng  t ha t  t he  endogenous  bac te r i a l

m ic ro f l o ra  i n  t he  gu t  can  have  e f f ec t s  ou ts ide  the  i n tes t i na l

t r ac t  m igh t  seem fanc i f u l .  A t  t he  same t ime ,  suppos ing  tha t

ant ib iot ics can modul-at .e such ef fects and thus have act i -ons in

add i t i on  t o  t he i r  an t . i bac te r i a l  ac t i v i uy  cou ld  sound  ra the r

unexpec ted .  Howeve r ,  t heo re t . i ca l -  cons ide ra t i ons  conce rn ing  the

n r a d r r a f  i n n  r n r l  a h q n r n f  i a n  n f  h i n 1 n a i n = l I r r  : n f  i r r o  c r r h c | - a n - 6 c
I J t v u u u L r v r f  a r r u  a p D v r P u r v r r  v !  l r u r v Y r u a r r y  q u L r  v

and a growing number of  exper imenta l  data support  the not ion

tha t  i n tes t i na l -  bac te r i a  a re  an  i n teg ra l  cons t i Luen t  o f  a  l i -

v i ng  o rgan i sm and  tha t  t hey  can  a f f ec t  seve ra l -  phys io log i ca l

p rocesses .  I t  i s  impo r tan t  a l so  f r om a  c l i n i ca l  pe rspec t i ve  t o

unravel  the under ly ing mechanisms in order  to avoid untoward

e f f e c t s  o f  g i v i n g  a n t i b i o t i c s  ( e . g .  l n  c a s e  o f  m a l i g n a n c y )  a n d

to  be  ab le  i n  t he  f u tu re  t o  man ipu la te  t hem the rapeu t i ca l l y .

I t  i s  t he  bas i c  p rem ise  o f  t h i s  t hes i s  Lha t  t he  G I  f f o ra  has

an  i n f l - uence  on  hematopo ies i s  and  tha t  an t i b i o t i cs  wh i ch  a f -

f ec t  t he  c f  bac te r i a  can  modu1a te  hematopo ies i s .  The  pu rpose

o f  t h i s  t hes i s  i s  t o  f i nd  ev idence  fo r  t hese  p rocesses  i n  an i -

mal-  models of  normal-  and mal ignant  hematopoies is  and to search

fo r  poss ib le  mechan i sms  wh ich  med ia te  t he  e f f ec t s .

The  f i r s t  i n t roduc to ry  chap te r  desc r i bes  the  compos i t j - on

o f  t h e  i n t e s t i n a l  m i c r o f l o r a ,  w h i c h  i s  a  s t r i c t l y  d e f i n e d ,

wel l - -bal -anced and stable ecosystem in which hazardous events

do  no t  occu r .  Th i s  i n  i t se l f  sugges ts  an  impor tan t  ro fe  i n

no rma l  phys io logy .  The  mechan i sms  regu la t i ng  t he  i n te rac t i ons

between the bacter ia as weLl  as between bact .er ia  and mammal ian

hos t  a re  rev iewed  ex tens i ve l y .  Subsequen t l y ,  subs tances  f rom

h : c l - e r i : l  n r i  a i n  w i t h  k n o w n  a c f i r r i i v  t n w : r d s  h e m a t - o n n i e f i c

cef l -s  in  v i t ro or  in  v ivo are enumerated.  I t  is  obvious that

these should be absorbed f rom the gut  before they can have a

" p h y s i o l o g i c a l "  e f f e c t  -  i . e .  u n d e r  n o r m a l  c i r c u m s t a n c e s ,  v i a

natura l -  routes,  and wi th doses which are at ta inabl -e - ln  v ivo

w i thou t  reve r t j - ng  t o  unna tu ra l  man ipu la t i ons  such  as  pa ren te r -

a l  i n j ec t i on .  A l t hough  fo rma f  p roo f  i s  s t i l l  l ack ing  fo r  mos t

o f  t hese  subs tances ,  t he re  seems  to  be  enough  c i r cums tanc ia l -

ev idence  fo r  Lhe i r  r egu la r  abso rp t i on  f r om the  gu t .  F ina l l y ,

r54



i - h c  h i  n l  n c i c : l  l i t e r a t u r e  i S  S c r e e n e d  f o r  g y n e r i m F n t - s  w i  f  he ^ y s !

bac t .e r i a f  p roduc ts  and /o r  an t i b i o t . i c s  wh i ch  demons t ra te  t he i r
n n q c i  l ' r - 1  a  i  n f  I  r r o n n o  ^ n  m ^ l  i  c n : n n r r

f n  chap te r  I I  t he  e f f ec t  o f  o ra l  t r ea tmen t  w i t h  t he  non -

abso rbab le  po l ymyx in  on  the  k ine t i cs  o f  s tem ce l l s  -  CFU-S ,

t h a  r a l : f i r r o l r z  i m m : l - r r r a  q n l p e n  c n l n n r r - f o r m i n c  r r n i l - q  e n r i  f - t r T T -r v { s u r v v r f  ,  s f r u

c M .  s t e m  r - e l  I  s  c o m m i t t e d  t o  t h e  m w e l  o i  d  
' l  

i  n e a o e  -  w a s  s t u d i e dv r  i  t

i n  t he  mouse .  Po l ymyx in  supp resses  the  Gram-nega t i ve  bac te r i a

in the gut  and by doing so markedly reduces the in test inal

endotoxin content .  A l though i t  was known for  some Lime that

ant ib iot ic  t reatment  or  a germfree state resul - ted in  a reduc-

t i on  o f  t he  poo l  s i ze  o f  CFU-GM in  bone  mar row ,  and  o f  co lony

^ t s . i  ' . , , 1  r r . i  n r  - ^ r  i  \ r . i  t - r r  i  n  s F r r r m  i t  w a s  s h o w n  f  o r  t h e  f  i r s t  t i m eD L I [ l u f q L f r r v  q 9 L r  v f  u y

t . ha t  e l im ina t i on  o f  i n tes t i na l -  G ram-nega t i ves  caused  a  s i gn i -

f i can t  dec rease  o f  t he  pe rcen tage  o f  CFUs  i n  S  phase  o f  t he

r : e l  I  c v c l  e  -  T h e r c  w e q  e  s i _ r r r n . :  - ' ' ^ * r  ^ r  ^ *  ! L - L  t h i s  d e c r e a s e.  r r r u ! s  w q D  a  D L r v r r 9  > U D y I U f V l r  U r r a L

was mediated by a reduct ion of  the amount  of  endotoxin absor-

bed  f rom the  gu t .

Chapter  I I I  and IV demonstrate in  the same mur j -ne model

tha t  o ra f  nonabso rbab l -e  an t i b i o t i cs  can  a f f ec t  t he  suscep t i b i -

l i t y  o f  hema topo ie t i c  ce l l - s  t o  cy tos ta t i c  d rugs  i n  v i vo .  Tn

chap te r  I I I  bac i t r ac in  was  used .  I n  con t ras t  t - o  po l ymyx in ,

o ra l -  bac i t r ac in  supp resses  the  Gram-pos i t i ve  bac te r i a ;  t h i s

causes an increase in in test inal -  Gram-negat ive bacter ia and

endotoxin content .  fn  accordance wi th the resul ts  f rom chapter

I f ,  t h l s  shou ld  l ead  to  an  i nc rease  o f  S  phase  ce l l s  (bu t  i n

these  expe r imen ts ,  t he  pe rcen tage  o f  s tem ce l l s  i n  S  phase  was

n - 1 -  q n c c i  f  i n : l  l r u  m a : q r r r a r l )  t h a  r a c h ^ n e a  f  ^  l -  h o  a r ; i -  n c f  r l - i n

drug cytos ine arabinoside (Ara-C) and the subsequent  recovery

of  bone marrow and b lood were dependent  on the t iming of  Ara-C

in  re l -a t i on  t o  bac j - t r ac in .  The  ou tcome was  compa t i b l e  w i t h  a

mode l  i n  wh i ch  bac i t r ac in  i nduced  an  i nc rease  o f  s tem ce l l s  i n

S  phase  o f  t he  ce l l  cyc le ,  r esu l t i ng  i n  an  enhanced  suscep t i -

h i l i t v  n f  h e m a f n n n i c f i c  s f e m  c a l l s  t o  t h e  e v t o l - o x i c  a c t i o n  o fv f  u v r

l r r  - r ' 1  r n d  a j _  t h p  q a m e  t  i  m e  a n  a r r r - e l  c r a j -  a d  r p c n \ / F r \ /  o f  f  h a



rema in ing  s tem ce l l s .

The f ind ings of  chapter  I I l  were extended and conf i rmed

in  a  new se r i es  o f  expe r imen ts  ( chap te r  IV )  i n  wh i ch  bo th

polymyxin and baci t rac in were used,  thus in  s i tuat ions wi th

low versus h igh load of  ln test inaf  Gram-negat ive bacter ia and

endo tox in .  One  day  a f t e r  A ra -C ,  hematopo ie t i c  pa rame te rs

d i f f e red  on l y  s l i gh t l y  be tween  the  g roups  o f  an ima ls ,  bu t  t he

speed and height  of  recovery of  CFUs in spleen and bone marrow

were  marked l y  a f f ec ted  by  t he  an t i b i o t i c  t r ea tmen t .  The  d i f f e -

rences in  recovery pat terns between polymyxin and baci - t rac in

a l so  sugges ted  tha t  s tem ce l - I s  m ig ra te  ex tens i ve l y  be tween

bone marrow and spleen dur ing regenerat ion af ter  cytostat ic

d rnc rs  Th i  s  nhenomenon  i s  f i rm l  v  es t - ah l  i  sha r i  n -w  h r r  o thc r

invest igators and proved to have import .ant  c l in ica l -  consequen-

ces  i n  t he  p rac t i ce  o f  ha rves t i ng  c i r cu la t i ng  s tem ce f l s  f o r

auto logous bone marrow t ransplantat lon.

When i t  was thus shown in heal thy mice that  the GI  f l -ora
-  o r  a t  l eas t  i t s  modu la t i on  by  an t i b i o t i cs  -  cou l -d  i n f l uence

the  number  o f  s tem ce l - l - s  i n  ce l l  cyc le ,  t he i r  suscep t i b i l i t y

f  ^  - 1 r f  ^ c f  r f  i  ^  d r " ^ -  - - ^  r 1 - ' ^  L r o m r | -  a n n i  a | -  i  n  r a - ^ \ r a r \ r  a f  | ' a r  a t r -L V  U ) / L V D U q L T U  U ! u y D ,  d I I u  L l l e  I I E r l r q U U P V I 9 L a U  ! s U U v 9 r J  q ! L s !  U /

tostat ics,  we wondered i f  the GT f l -ora could have comparable

e f fec t s  on  ma l i gnan t  hematopo ie t i c  ce l f s .  I t  was  fea red  tha t

the  ex tens i ve  use  o f  an t i b i o t i cs  i n  pa t i en t s  w i t h  ma l i - gnanc ies

m igh t  adve rs i l y  a f f ec t  t he  behav iou r  o f  t he  ma l i gnan t  ce l -1s .

We found that  the sole use of  a nonabsorbable ora l  ant ib i -ot ic

w i th  ac t i v i t y  aga ins t  G ram-pos i t i ve  bac te r i a  caused  reduc t i on

of  a leukemi-c tumor cel -J ,  load by abouL 4OZ (chapter  V)  .  For

n r e c l - i c : l  r e : s n n s  h n w c r r a r  a  s w i t c h  h a d  t o  b e  m a d e  f r o m  a

murine to a rat  model  (and f rom baci t rac in to vancomycin which

has  fa i r f y  comparab le  an t i b i o t i c  ac t i v i t y ) .  I t  appea red  a f t e r -

wards that  not  only  the animaf  species but  the whol-e system

was d i f ferent  s ince Gram-negat ive bacter ia and endotoxin

(which corre l -ated wi th the ef fect  on normal-  hematopoies is  in

the  mouse )  con t r i bu ted  on l y  marg ina l l y  t o  t he  an t i l eukemic

e f fec t .  G ram-pos i t i ve  bac te r i a  obv ious l y  we re  respons ib le  f o r

l o o



the product ion of  new substances which were essent ia l -  for

s t imu fa t i on  o f  mye lo id  f eukemia  i n  t h i s  mode l .  A l t hough  the

demonstrat ion of  at  least  one addi t ional  mechanism compl icated
t -  h a  n l - r i  a a r -  n F  i  n r r a a f  i  ^ - r  i  ^ -  F l - r n r n " ^ l - '  l  "  

. i  I  d +r r r v e D u r V d L r u r r  u r r v ! v u y r r r y ,  r L  o C f e n g t h e n e d  O l l f

basic premise that  the cI  microf  l -ora can modulat .e (patho-  )
phys io log i ca l  p rocesses ,  among  them hematopo ies i s .

Reduc ing  a  l eukemic  t umor  l oad  by  40?  un fo r tuna te l y  i s  a

re la t i ve l - y  m ino r  e f f ec t  s i nce  i t  co r responds  to  a  ce l l -  k i l l  o f

l ess  t han  one  1og .  The  ce l l  k i ne t i c  mechan i sm(s )  i nvo l - ved  were

no t  easy  to  de tec t :  a  sma l l  dec rease  by  a  f ew  pe rcen tages  o f
t - h p  l e r r k e m i c  o r g y l l  f r a C t i O n  W a S  S U f f i C i e n t  f r r  c y n l a i n  i - h cL  I f  g

reduct ion.  In  order  to understand how the GI  f lora produced

i ts  in f luence and to be abl -e to enhance th is  by future manipu-

lat ions,  we examined i f  ant ib iot ic  modul-at ion induced changes

i  n  f  h e  e w n r e s q i  o n  o f  c v t o k i  n e s .  S o m e w h a t  a r b i t r a r i  I  r r  :  n r r m l r e r

o f  c y t o k i n e s  w i t h  m a i n l y  h e m a t . o p o i e t i c  p o t e n t i a l  w e r e  c h o s e n

for  de tec t ion  o f  messenger  RNA (mRNA)  in  a  semi -quant i ta t i ve

r e v e r s e  t r a n s c r i p t a s e  p o l - y m e r a s e  c h a i n  r e a c t i o n  ( R T - P C R ) .  T h e

r e s u l - t . s  a r e  r e f l e c t e d  i n  c h a p t e r  V I  a n d  V I I .

T T n o n  a h q o r n l -  i n n  i n  l -  h e  o r r i -  l _ h a  / q l -  i - l  I  h r m n f  h o f  i n : l  l
Y U U ' \ p 9 + + f I I l y v u I r L u r 9 a f /

factors or ig inat ing in  the in test inal -  t ract  woul-d be t ranspor-

t ed  to  t he  l i ve r  v i a  t he  po r ta l  ve in .  The re fo re ,  changes  i n

cytok ine expression were searched for  in  the large bowel  wal l

and  the  l i ve r .  As  men t i oned  ea r l - i e r ,  o ra f  vancomyc in  causes  a

s t r n n f l  r a d r r c f  i  n r  ^ E  ^ * - *  - ^ ^ i  I  l _ V e  b a C t e f  i a  i n  f  h e  n r r l -  / l ^ r n 1 -  hD u ! v l r y  r s u u u L r v l r  v !  u ! a u L - } , v D r L I v g  l a u L g ! I d  I I I  L r r g  v u L  \ ! u L I t

aerobes and anaerobes)  and an increase of  Gram-negat ives and

endotoxin.  This corre lated wi th an increase of  mRNA for  s tem

ce l l -  f ac to r  (SCF)  ,  i n te r l - euk in  1  be ta  ( I L -18 ) ,  t r ans fo rm ing

g row t .h  f ac to r  be ta  (TGFB) ,  and  tumor  nec ros i s  f ac to r  a lpha

(TNFo) in  the bowel  wal- l -  and l iver  of  heal thy rats,  wi thout
^ € € ^ ^ ! i - -  ^  I L - 6 ,  T G F o ,  o r  g r a n u l o c y t e  c o l o n y - s t i m u l a t i n gd r r e u u r r r 9  f  ! - 4 ,

f ac to r  (G-CSF)  ( chap te r  V I )  .  Th i s  l - ed  us  t o  be l i - eve  tha t  t he

observed ef fects of  ora l  ant ib iot ics were mediated by changes

in cytok ine expression in  the body;  an increase or  decrease of

cy tok ines  cou ld  t hen  i n f f uence  the  hemat .opo ies i s  d i rec t t y  o r



i nd i rec t l y .  P rov ing  tha t  bac te r i a  i n  t he  d iges t i ve  r rac t  ( o r

products der ived f rom them) do in teract  wi th the cytok ine

network in  the body would mean that .  we touched upon some basal

mechanism of  cef  f  u lar  met .abol - ism. The GI f  l -ora could then

con t r i bu te  t o  t he  base - I i ne  exp ress ion  o f  cy tok ines ;  modu la -

t i on  o f  t he  G I  f l - o ra  by  an t i b i o t i cs  o r  o the rw ise  cou ld  b r i ng

about  many secondary events of  which the ef fects on hemato-

po ies i s  was  on l y  an  examp le .

T n  c h : n i c 7  \ t r r  ^ 1 6  l  j m i h . r v  r e s r r l  t - s  a r e .  o i V e n  f f O m  f e C e n t,  v r v J r t L L r r r s ! - ) '

i nves t i ga t i ons  i n  wh i ch  we  t r i ed  t o  rep roduce  these  da ta  i n
t r i  f  r n  l h i  q  n r n r r p d  F ^  h a  \ r a r \ /  d i  f  f  i  a r r l  t  n r r l - - l  r r  h o n : r r c a  n Fy q !  u + 1

p r o b l e m s  i n  f i n d i n g  a d e q u a t e  i n  v i t r o  c o r r e f a t e s .  A s  a  s u b s t i -

t u t e  f o r  t h e  l l v e r ,  h e p a t o m a  c e f l - s  w e r e  e x a m i n e d  f o r  c y t o k i n e

e x p r e s s i o n .  I n  r h e  r a t - d e r i v e d  F A O  l i n e ,  f e c a l  s u s p e n s i o n s  o f

v a n c o m y c i n - t r e a t e d  r a t s  d i d  c a u s e  a n  a f t e r e d  m R N A  e x p r e s s i o n

for  TNFe and TGFB,  bu t  in  cont ras t  to  the  in  v ivo  mode l ,  a

downregu la t ion  was found.  The d j - f fe rences  cou ld  be  due to  the

p e c u l i a r i t i e s  o f  t h e  F A O  c e l l s  a n d  t o  a  c h a n g e  i n  b a l a n c e  b e -

F r - , ^ ^ -  - ^ t s . i  - , - F . i  - ^  - - ^  . ;  - 1 . . ;  ] - i  F ^ v t ,  ^ ^ ' . ^ ^ , , - l ^  . i  *  t s L ^  t ^ ^ - 1
L W C C T T  a 9 L f V d U r r r Y  A r r u  f r r r r r u r L U ! y  g v r r r v v q l l q -  l r r  L t I g  ! g g a r  ) u S P g r r -

s ions .  The  LT I -2  ce l l  l - i ne  wh i ch  i s  d i rec t l y  de r i ved  f rom BNML

wi th  wh i - ch  i t  sha res  mos t  cha rac te r i s i t i c s ,  was  no t  i nh ib i t ed
1 - . - r  t s L r ^ ^ ^  ^ ' ' F ^ L i  h a q  r ^ r h i  n h  r ^ r a r a  r r n r a a r r l : j -  e j  i n  t r i t r a  a i  | -  h a r  r . t l . r a np y  L I I U D S  L y L U n l r l 9 D  w r f ! U f l  w s r L  u P r u : j u f a u u u  r r r  v ! t v ,

used  a fone  o r  i n  comb ina t i on .  We  mus t  conc lude  tha t  t he  an t i -

l - eukemic  e f f ec t  was  no t  due  to  t hese  cy tok ines ,  a t  f eas t  i n

f h e  i n  r r i  f r n  s v s f F m -  n n s s i h l v  n f h e r  c r z t - n k i n F s  w e r e  i n v o l v e d  o r

t h e i r  a c t i o n  w a s  i n d i r e c t ,  e . q .  v i a  a c t i v a t i o n  o f  t h e  i m m u n e

s y s t e m .

I n  c o n c l - u s i o n ,  t h e  G I  f l o r a  a n d  a n t i b i o t i c s  w h i c h  m o d u f a -

t e  i - t  d o  h a v e  e f f e c t s  o n  h e m a t o p o i e s i s  i n  h e a l t h y  a n d  l e u k e m i c

a n i m a l - s .  S e v e r a f  b a c t e r i a l l y - d e r i v e d  a n d / o r  b a c t e r i a - m o d i f i e d

s u b s L a n c e s  a r e  p o s s i b l y  i n v o l v e d  b u t  t h e i r  n a t u r e  i s  n o t  d e f i -

n e d  w e f  t r n d o f o x i n  f r n m  G r ^ m - n e c r a t i w e  h a c t e r i a  i - s  o n e  o f  L h e m :

i t  s e e m s  t o  s t i m u f a t e  m y e l o p o i e s i s  a t  I e a s t  i n  m i c e .  P e p t i d o -

g l y c a n  a n d  ( 1 i p o - ) c e i c h o i c  a c i d  c o u l d  b e  o t . h e r s ;  t h e y  p r o b a b l y

s t i m u l - a t e  l e u k e m i c  g r o w t h  i n  t h e  r a t  B N M L  m o d e f .  T h e s e  e f f e c t s
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o f  i n tes t i na l  bac te r i a  on  hematopo ies i s  cou ld  be  med j -a ted  d i -

rec t l y  o r  i nd i rec t l y  by  i n te rac t i ons  w i th  t he  cy tok ine  ne t .wo rk

in  Lhe  l i ve r  and  i n  t he  co l -on  wa l - l .

I f  t he  mechan i sms  cou ld  be  e luc ida ted  i n  de ta i l  t hey

cou ld  poss ib t y  be  enhanced  fo r  t he rapeu t i c  bene f i t .  Fu r the r

i nves t i ga t i ons  cou ld  be  d i rec ted  a t  f i nd ing  add i t i ona f  respon -

s i ve  cy tok ines  i n  t he  f i ve r  and  gu t .  The  exac t  ce l l  t ypes

l ;  o  1 l ' r n f  € a r  n a l  I  c  ] r a n : l -  n c r z l - c -  ^ * l ^ F L - r  i  ^ r  c a l  I  q  n r  F \ r e n
l f  . 9 .  I \ U P I I s !  9 v + + v  - f ,  - J D ,  S I I U U U I I S I I q I  U S I I D ,  v !  e v s l r

c o l o n i c  e p i t h e l r a l  c e l l s )  w h i c h  a r e  r e s p o n s i b l e  f o r  t h e  c y t o -

k ine  up regu la t i on  cou fd  be  de f i ned  by  i n  s i t u  hyb r i d i za t i on

r -achn ' i c r r cs  The  i nc reased  mRNA leve l  i s  be l i eved  to  co r respond

to  an  i nc reased  p roduc t i on  o f  t he  re levan t  cy tok ines ,  bu t  t h i s

shou ld  t o  be  p roven ,  e .g .  by  EL ISA  assays  o r  Wes te rn  b lo t t i - ng .

A l so ,  t he  ac t i ve  i n tes t i na l  subs tances  a re  t o  be  i den t i f i ed

and  the  bac te r i a l  spec ies  wh i ch  p roduce  them.  Then  i t  cou ld  be

examined  i f  t he  an t i l eukemic  e f f ec t  i n  B rown-Norway  ra t s  can

h c  a n h : n c e d  l - r w  ^ ^ - *  - * . i  - - f  . i  - ^  * L . e  a n i m a f  S  W i t h  t . h e S e  b a C t e r i a ,! e  e r l l l a r r v L u  u ) /  9 U l r L A t t L ! t 1 a L  ! 1 l y  L f  i

n r  h r r : d m i n i q t o r i n a  i h c  L ^ . 1 - e r i a l  n r n d t t r - f q  e n f e r a l l w  o r  n a r e n -p f  s u , " f  r l r u u u !  f  r r Y

t e ra l l y .  On Iy  i f  such  i n te rven t i ons  can  be  pe r fo rmed  success -

f , r " l  l 1 '  3 n ^  r ^ ' i f  1 - r ^ r 1 t  m : i n r  t n y i n i i _ r z  l - h o  n r o c e d t t r c  ^ ^ " r  J  * ^ ^ ^ i L l ' '
I l . } f  - L y  a n A  W J . L I I O L -  ' - - - - - - - f  ,  L l r s  P r v u s v u r e  u u u r u  1 l u D D r u r y

be  ex tended  to  t he  human  s i t ua t i on .


