
15. 8. 1977 Specialia 1031 

Correlat ion be tween  the suscept ibi l i ty  of E. coli  to p h a g o e y t o s i s  and their  abil ity 
to invade HeLa cells  in vitro ~ 
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Summary. The suscept ib i l i ty  of several  s t ra ins  of E. coli to  phagocyt ic  killing by  po lymorphonuc lea r  leucocytes  and the  
abi l i ty  of the  same s t ra ins  to  invade  H e L a  cells were s tudied.  I t  was found  t h a t  only  the  s t ra ins  res i s t an t  to  killing b y  
leucocytes  were able to  p e n e t r a t e  and  mul t ip ly  wi th in  H e L a  cells. 

I t  has  been shown t h a t  t he  abi l i ty  of some species of en- 
t e robac te r i a  to en te r  H e L a  cells correlates  w i th  the i r  in- 
vas iveness  of t he  in tes t ina l  mucosa.  Labrec  e t  al. have  
d e m o n s t r a t e d  t h a t  a v i ru len t  s t ra in  of Shigella flexneri ,  
which  was able to  p e n e t r a t e  the  bowel  ep i the l ium and  
en te r  the  lamina  propria ,  was also able to infect  H e L a  
cells and  mul t ip ly  w i th in  them,  whereas  an av i ru len t  
va r i an t  possessed ne i the r  of these  capaci t ies  2. These f ind-  
ings have  been  conf i rmed  by  Calabi 3 and  by  Giammanco  
et  al. 4. The l a t t e r  group of au thors  failed to show this  pro-  
p e r t y  in s t ra ins  of Shigella sonnei.  Giannel la  e t  al. have  
shown t h a t  s t ra ins  of S. t y p h i m u r i u m  t h a t  invaded  r abb i t  
ileal mucosa  also invaded  H e L a  cells, and s t ra ins  failing 
to  pene t r a t e  H e L a  cells lacked the  capac i ty  to  invade  rab-  
b i t  muc0sa 5. The d a t a  in t he  l i t e ra ture  concerning the  
abi l i ty  of E.  coli to p e n e t r a t e  H e L a  cells are confl ict ing.  
Fo rma l  e t  al. have  shown t h a t  E. coli K-12 Hfr ,  a non-  
pa thogen ic  s t rain,  do no t  en te r  H e L a  ceils, whereas  an 
E. coli-Shigella I lexneri  hyb r id  s t ra in  does, b u t  canno t  
mul t ip ly  in the  cells% In  cont ras t ,  Calabi has  r epor ted  
t h a t  non-pa thogen ic  E. coli are engulfed by  H e L a  cells 
and  rap id ly  killed~. No data ,  however ,  are avai lable on 
po ten t i a l ly  invas ive  s t ra ins  of E. coli. We have  previous ly  
shown t h a t  several  E. coli s t ra ins  are no t  suscept ible  to  
phagocytos i s  in v i t ro  b y  po lymorphonuc lea r  leucocytes  
(PMN) or macrophagesT-~. This p r o p e r t y  m a y  be an im- 
p o r t a n t  fac tor  in de t e rmin ing  the  invas iveness  of E.  coll. 
I ndeed  s t ra ins  of E. coli which  are res i s tan t  to  phago-  
cytosis  are also v i ru len t  for mice 1~ Fur the rmore ,  in a 
s t u d y  on Gram-nega t ive  rod bac te remia ,  it  has  been re- 
po r t ed  t h a t  11 of 30 bac te remic  isolates, all E. coli, 
showed absolute  or re la t ive  res is tance  to  phagocytos i s  ~. 
In  th is  repor t ,  we compare  the  p r o p e r t y  of E. coli to re- 
s is t  phagocytos i s  wi th  the i r  abi l i ty  to  invade  H e L a  cells 
in vitro.  

Materials and methods. The following s t ra ins  of E. coli 
were used:  a) 2 s t a n d a r d  s t ra ins  for genet ic  s tudies,  K-12 
,~- and K-12 H f r R ;  b) 4 ' en te ropa thogen ic '  s t rains,  026: 
B6, 055:B5, 0111 :B4 and  0126:B16;  c) 2 s t ra ins  isolated 
f rom the  stools of h e a l t h y  children,  E88 (06:H1) and  
E C R  (018ac,23). The bacter ic idal  ac t iv i ty  was assayed 
according to the  m e t h o d  of McRip ley  and Sbar ra  12 w i t h  
minor  modif ica t ions  as descr ibed in a previous  paper  is. 
To t es t  t he  invas ion of H e L a  cells by  E. coli, the  m e t h o d  
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HeLa cell monolayer 3 h after in- 
oculation with E. coli 026:B6. 2 
isolated cells containing numerous 
bacteria are shown. Magnification 
• 1250. 
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Table 1. Susceptibility of several strains of E. colt to phagocytic killing by guinea-pig polymorphonuclear leucocytes (PMN) 

E. colt strains 
Number of viable bacteria 
Bacteria alone Bacteria with PMN 
0 time 30 rain 60 min 0 time 30 rain 60 rain 

K-12 A- 1.0 • 107 1.2 • 107 9.0 x 106 1.1 • 107 1.3 x 105 1.3 • 105 
K-12 HfrR 2,6 • 107 2.8 • 107 2.7 • 107 2.6 • 107 2.2 • l0 s 3.5 • 105 
026:B6 3,1 • 107 3.3 X 107 3.5 • 107 3.0 • 107 1.9 • 107 1.9 • 107 
055:B5 1,5X 107 1.5x 107 1.8 xl07 1.6• 1.4• 107 1.2• 107 
0111 : B4 2.2 • 107 2.0 X 107 2.0 • 107 2.0 X 107 2.1 x 107 2.0 x 107 
0126:B16 2,4• 107 3.0 • 107 3.3 • 107 2.1 • 107 2.3 • 107 2.4x 107 
E88 (06: H1) 2.6 x 107 2.5 • 107 2.2 • 107 3.1• 3.8• 3.4• 
ECR (018ac,023) 2.5 • 107 3.0 x 107 3.2 • 107 2.8 x 107 3.0 x 107 3.3 x 107 

E. colt were incubated with or without PMN (ratio cells to bacteria 1 : 5) for 30 or 60 min. After addition of saponin to the mixture to lyse the 
PMN, the number of colony forming units was determined. The mean values of 2 different experiments are given. 

descr ibed b y  Calabi 3 was employed .  E a c h  Le igh ton  tube ,  
t h a t  con ta ined  a coversl ip  in i ts  f l a t t ened  side, received 
1.5 ml  of H e L a  cells suspens ion  in Eagle  MEM supple-  
m e n t e d  wi th  an t ib io t ics  (2 • 10 5 cells/ml). The tubes  were 
incuba ted  hor izon ta l ly  a t  37 ~ to let  the  cell set t le  on the  
coverslip.  Af te r  24 h, t he  m e d i u m  was changed,  and  af ter  
add i t iona l  24 h, i t  was replaced wi th  the  same m e d i u m  
w i t h o u t  ant ibiot ics .  A t  72 h, 1.5 ml  of E. colt suspens ion  
in Eagle  MEN[ w i t h o u t  an t ib io t ics  (10 8 bacter ia /ml)  was 
added  to each  tube  and  the  tubes  were incuba ted  hori-  
zonta l ly  a t  37 ~ At  var ious  intervals ,  the  coversl ips were 
r emoved  f rom the  tubes ,  washed  3 t imes  gen t ly  w i th  
K r e b s - R i n g e r - p h o s p h a t e  a t  37~ f ixed w i t h  m e t h a n o l  
and  s ta ined  wi th  May-Gri inwald  and  Giemsa solutions.  
The presence  of bac te r i a -con ta in ing  cells was de t e rmined  
unde r  a l ight  microscope.  
Results .  Table  1 shows the  suscept ib i l i ty  of several  s t ra ins  
of E.  colt to  the  phagocy t i c  killing b y  po lymorphonuc lea r  
leucocytes.  The 2 K-12 der ived  s t ra ins  were readi ly  killed 
b y  the  phagocytes ,  whereas  t he  o the r  s t ra ins  were e i ther  
pa r t i a l ly  suscept ib le  (026 : B6 and 055 : t35) or to ta l ly  in- 
sensi t ive to  phagocy t i c  killing. Table  2 shows the  resul ts  
of E.  colt invas iveness  t e s t  in v i t ro  using H e L a  cells. No 
bac te r ia  were p re sen t  w i th in  the  cells when  the  mono-  
layers were  infected wi th  t he  2 K-12 der ived strains.  The 
monolayers  infec ted  wi th  t he  o ther  6 s t ra ins  of E. colt 

Table 2. Correlation between the invasion of HeLa cells by several 
strains of E. colt and the susceptibility of the same strains to phago- 
cytic killing by PMN 

E. colt strains Bacteria-containing Percent of bacteria 
cells killed by PMN after 
60 min 180 min 60 min incubation 
after after 
infection infection 

K-12 (~-) 0 0 98.8 
K-12 (Hfr) 0 0 98.7 
026 : B6 0 + 36.7 
055:B5 0 + 25.0 
0111 : B4 + + 0 

0126 : B16 0 + 0 
E88 (06: H1) + + 0 
ECR (018 ae, 023) 0 + 0 

The data reported in the last column are taken from table 1. The 
presence of bacteria containing cells was determined by light micro- 
scopic observation on stained monolayers of HeLa cells. For ex- 
perimental details see 'Materials and methods'. 

showed m a n y  bac te r ia -con ta in ing  cells 3 h af ter  infection,  
t he  n u m b e r  of infec ted  cells va ry ing  wi th  the  di f ferent  
s t ra ins .  W i t h  E. colt 0111 : B4 and  E88 (06 : HI )  an appre-  
ciable n u m b e r  of H e L a  cells con ta ined  bac te r ia  even 1 h 
a f te r  infection.  Bacter ia  were usual ly  p resen t  as small  
c lumps  (figure) wi th in  t he  invaded  cells, which is sugges- 
t ive  of bacter ia l  g rowth  af ter  p e n e t r a t i o n  3, 6. 
Discussion.  At  least  2 d i f fe rent  mechan i sms  unde r ly  the  
en t e ropa thogen i c i t y  of E.  colt: a) p roduc t ion  of entero-  
tox ins  which  effects  the  secret ion of wa te r  and  electro- 
lytes  into t he  gu t  lumen;  b) invas ion  of the  gut  wall which  
m a y  resul t  in i n f l a m m a t o r y  reac t ion  and ulcer forma-  
tion18,14. The  abi l i ty  to invade  epi thel ia l  cells seems to  
p l ay  an i m p o r t a n t  pa thogene t i c  role even in those  s t rains  
of E. colt t h a t  p roduce  the  en te ro tox ins .  I t  has  been 
shown,  intact ,  t h a t  a toxinogenic  s t ra in ,  which  is poor ly  
invasive,  causes d ia r rhea  in a lower pe rcen tage  of cases 
t h a n  a s t ra in  which  is b o t h  invas ive  and  toxinogenic  15, ~ 
The  exp lana t ion  offered b y  the  au thors  is t h a t  t he  toxino-  
genic, b u t  poor ly  invasive strain,  is rap id ly  swep t  out  of 
t he  gut  by  villi m o v e m e n t  and  in tes t ina l  peristalsis .  An 
addi t iona l  r equ i r emen t  for E. colt pa thogen i c i t y  migh t  be 
the  res is tance  to  phagocytos is ,  which  would  favour  the  in- 
vas ion of t he  lamina  propr ia  of t he  in tes t ina l  mucosa,  
spread ing  in to  t he  blood s t r eam and  possible local izat ion 
in ex t ra in tes t ina l  organs.  I t  is shown here t h a t  a d i rect  
corre la t ion exis ts  be tween  the  abi l i ty  of E.  colt to  invade  
H e L a  cells (and, by  ex t rapola t ion ,  t he  epi thel ia l  cells) and 
the i r  res is tance  to the  phagocy t i c  killing. 2 of t he  6 non-  
phagocy tosab le  and  invas ive  s t ra ins  t e s t ed  in our  s t u d y  
do no t  belong to  the  group of the  so-called ' en t e ropa tho -  
genic'  E.  colt, as def ined by  se ro typ ing  criteria~L This  
suggests  t h a t  the  s t ra ins  which  are p rov ided  wi th  those  
proper t ies  should  be considered,  regardless  the i r  serotype,  
as po ten t i a l  pa thogens  whose role in disease has  to be 
more  precisely defined.  The m e c h a n i s m  of E. colt pene-  
t r a t i on  into H e L a  cells and the  fac tors  t h a t  modu la t e  the  
p h e n o m e n o n  have  no t  been inves t iga ted .  We have  previ-  
ously shown t h a t  w h e t h e r  or no t  E. colt are phagocy tosed  
b y  P M N  and  b y  macrophages ,  depends  on the  na tu re  of 
t he  surface po lysacchar ide  7. S tudies  are in progress  to in- 
ves t iga te  t he  role of the  po lysacchar ide  on the  in te rac t ion  
b e t w een  E. colt and  H e L a  cells. 
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