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Influence of Mono-  and Multivalent Cations on the Electrokinetic Properties of Normal  Human 
Lymphoid and Burkitt Lymphoma Cells 
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Summary. Various mono-  and  mul t iva len t  cat ions,  a t  c o n s t a n t  ionic s t rength ,  af fec ted  the  surface e lectrokinet ic  
proper t ies  of no rma l  h u m a n  lympho id  and  Burk i t t  l y m p h o m a  cells in a m a n n e r  which  ref lected more  the  physico-  
chemical  proper t ies  and  b ind ing  affini t ies of t he  cat ion t h a n  its valence.  The effect  was expressed  in the  changes  of 
t he  magn i tude  of the  ne t  surface charge and itt the  shi f t  of the  isoelectric po in t  of the  surface.  These changes  were 
grea te r  a t  the  surface of B u r k i t t ' s  l y m p h o m a  cells t h a n  at  t he  surface of the i r  no rmal  cell-line coun te rpar t s .  

The presence  or absence  of a par t i cu la r  macromolecule  
or ion in the  a m b i e n t  e n v i r o n m e n t  of a cell can resul t  in 
changes  in t he  cell surface proper t ies  and,  consequent ly ,  
in changes  in cell func t ion  and  behav ior  3, 3. In  par t icular ,  
the  t y p e  and /o r  valence of ca t ions  in t he  cell envi ron-  
m e n t  can influence the  m a g n i t u d e  of the  cell surface 
po ten t i a l  and,  the reby ,  inf luence the  course of var ious  
cellular in te rac t ions  4, 5. 

The a im of t he  p re sen t  s t u d y  was to  inves t iga te  the  
effects  of cat ions  impl ica ted  in abno rma l  deve lopment ,  
oncogenesis ,  and  air and  wa te r  pol lu t ion  on the  surface 
proper t ies  of normal  l ympho id  and  Burk i t t  l y m p h o m a  
cells a t  c o n s t a n t  ionic s t rength .  

Materials and methods. Normal  h u m a n  lympho id  cells 
(line EBV~5 ) and  Burk i t t  l y m p h o m a  ceils (line EBa) were 
grown as suspension cul tures  in R P M I  1640 supp lemen ted  
wi th  10% fetal  calf se rum and  ant ibiot ics .  The ceils were 
p repa red  for e lect rophores is  b y  washing,  w i th  cent r i fuga-  
t ion,  in 0.145 M NaC1 and in one of t he  expe r imen ta l  
solut ions a t  p H  7.0, followed b y  resuspensioI1 in the  experi-  
men t a l  solut ion a t  t h e  desired p H  value.  The electro-  
phore t ic  mobi l i ty  (EM) was measured  as descr ibed  pre-  
viously  ~. The suspending  media  for EM m e a s u r e m e n t s  
were chloride sal t  solut ions of mono-  or mu l t iva l en t  ca- 
t ions  a t  an ionic s t r e n g t h  of 3 • 10 -~ (or as indicated) ,  
p repa red  in 4 • glass dist i l led water ,  and  supp lemen ted  
With sucrose to  ma in t a in  t he  osmot ic  pressure  cons tan t .  
The p H  of the  solut ions was  ad jus t ed  w i t h  1 N HC1 or 
1 N NaOH.  Cell v iabi l i ty  was de t e rmined  by  the  Nigrosin 
exclusion t e s t  6 and  e lec t rophore t icMly 5. 

Results. The a m o u n t  of EI~ suppress ion exe r t ed  b y  the  
d i f fe rent  cat ions  increased,  in general ,  w i th  an increase 
in the  valence of the  ca t ion  (Table). Ind iv idua l  cat ions,  
however ,  d isp layed  effects t h a t  dev ia ted  f rom the  resul ts  
p red ic ted  b y  the  lyophobic  colloid t h eo ry  4. Fo r  example ,  
a l t hough  similar  e lectrokinet ic  p a t t e rn s  were ob ta ined  
wi th  Na  +, K +, and Li+, (Figure a and  b) and  Li + caused 
essent ia l ly  the  same a m o u n t  of surface charge suppress ion 
on b o t h  cell types ,  t he  magn i tude  of suppress ion  exer ted  
b y  Li+ was more  similar  to  t h a t  exh ib i t ed  b y  some mul t i -  
va l en t  r a the r  t h a n  b y  o the r  m o n o v a l e n t  ca t ions  (Table). 
On the  o ther  hand ,  Cd++ and  Pb  ++ in t e rac ted  w i t h  sur- 
face ionogenic si tes d i f fe ren t ly  t h a n  did Ca ++ and  Zn ++, as 
ind ica ted  by  the  shape  of the i r  p H - E M  curves  (Figure 
a and  b). In  addi t ion ,  Cd ++ and  P b  ++ indica ted  an af- 
f in i ty  for ionogenic si tes w i th  p K  values  be tween  4 and 
5 a t  t he  surface of B u r k i t t  l y m p h o m a  cells, whereas  l i t t le 
or no in te rac t ion  occurred,  wi th in  t he  same p H  range,  a t  
the  surface of no rma l  l ympho id  cells. The s imi lar i ty  in the  
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Effect of mono- and multivalent cations on the electrophoretic mobility of normal human lymphoid and Burkitt lymphoma cells at pH 7.0 
(ionic strength = 3 • 10 -4, except where indicated) 

Electrolyte E ~  (F./sec/V/cm) Isoeleetric point (pH) Suppression EM (%) 

Normal Burkitt Normal 13urkitt Normal Burkitt 
lymphoid cells lymphoma cells lymphoid cells lymphoma cells lymphoid cells lymphoma cells 

NaCI 0.941 1.38 No I.P. 3.5 -- -- 
(1.45 x 10 -1) b 
NaC1 1.60 1.75 3.5 3.5 -- -- 
KC1 1.55 1.80 3.5 3.5 3.1 (--2.9) 
LiC1 1.30 1.41 3.5 3.5 18.8 19.4 
Lie1 1.14 -- 3.0 --  28.8 -- 
(1.45 • 10 -4)  b 
CaCI~ 1.41 1.24 3.5 3.5 11.9 29.1 
CdC12 1.32 1.06 3.5 3.5 17.5 39.4 
PbCI~ 1.31 1.08 3.8 3.5 18.1 38.3 
ZnCI~ 1.08 1.23 3.7 3.5 32.5 29.7 
LaCla 1.21 1.08 3.9 4.5 24.4 38.3 
A1C13 1.24 1.37 4.3 4.5 22.5 21.7 
ThC14 1.43 1.48 3.6 4.5 10.6 15.4 

�9 Relative to EI~I in the presence of NaC1 at an ionic strength of 3 • 10 -4. bionic strength. 
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1.0 pH-eleetrophoretic mobility relations in the presence of a) NaCI; 
b) KC1; e) LiC1; d) CaCI2; e) CdC12; f) Zncl~, g) PbC12; h) A1CI+ at an 
ionic strength of 3 x 10 -a. A) Normal human  lymphoid cells. 13) 
13urkitt lymphoma cells, 
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e lec t rok ine t ic  p a t t e r n s  and  in t h e  a m o u n t  of E M  sup-  
press ion  of b o t h  cell t ypes  ill t h e  presence  of Zn++ sug- 
ges ted  a n  a f f in i ty  of th i s  ca t ion  for  ionogenic  si tes 
ava i l ab le  on  b o t h  surfaces.  These  sites, however ,  were 
p r o b a b l y  d i f fe ren t  f rom t he  si tes i n t e r a c t i n g  w i t h  P b  ++ 
a n d  Cd ++, a t  p H  4 to  5, as sugges ted  b y  t h e  decrease  in 
E M  of b o t h  cell t ypes  ill t h e  presence  of Zn++ a n d  t he  
r e l a t ive  increase  in m o b i l i t y  e x h i b i t e d  b y  t he  n o r m a l  
l y m p h o i d  as c o m p a r e d  to  t he  B u r k i t t  l y m p h o m a  cells in  
t h e  presence  of P b  ++ and  Cd ++. Th i s  di f ference in t h e  
surface  ionogenic  s i te  compos i t i on  of t he  two cell t ypes  
was f u r t h e r  sugges ted  b y  t h e  difference in t he  e lectro-  
k ine t i c  p a t t e r n s  o b t a i n e d  in  t h e  p resence  of Ca++: l i t t l e  
or  no  Ca ++ was b o u n d  b e t w e e n  p H  4 to  6 b y  B u r k i t t  
l y m p h o m a  cells, a s  i nd ica t ed  b y  t he  s teepness  of t he  
s lope;  t he  f l a tness  of t h e  slope w i t h i n  t i le same  p H  range  
w i t h  t he  n o r m a l  l y m p h o i d  cells suggests  q u a n t i t a t i v e  or 
q u a l i t a t i v e  differences  in t he  surface  ionic composi t ion .  
The  difference in t h e  i n t e r ac t i on  of t he  ca t ions  w i t h  t i le 
surfaces  of t h e  two cell t ypes  was  f u r t h e r  shown  b y  ti le 
a m o u n t  of E M  suppress ion  caused,  a t  p H  7, b y  Ca++, 
Cd++, pb++,  La+a, a n d  Th+4; in  all  cases, t h e  suppress ion  
in E M  of t he  B u r k i t t  l y m p h o m a  cells was  s ign i f i can t ly  
g rea t e r  (Table).  

The  t r i -  a n d  t e t r a v a l e n t  ca t ions  s tud ied  caused  a 
s ign i f i can t  sh i f t  of t he  isoelectr ic  p o i n t  a t  t he  surface  to a 
h i g h e r  pH,  b u t  t h e i r  ab i l i ty  to  suppress  E M  was  less t h a n  
t h a t  of some d i v a l e n t  ca t ions  (Tabte).  

The  resu l t s  of t he  v i a b i l i t y  t e s t s  i nd ica t ed  95% cell 
v iab i l i ty .  M e a s u r e m e n t s  of t he  e lec t rophore t i c  m o b i l i t y  

of t he  same  ceils suspended  in one of t he  e x p e r i m e n t a l  
so lu t ions  a t  p H  9.0, fol lowed b y  m e a s u r e m e n t s  a t  p H  
7.0 s, i nd ica t ed  t h a t  t h e  effects exe r t ed  b y  t he  ca t ions  
s tud ied  were  revers ible .  

Discussion. These  d a t a  d e m o n s t r a t e d  t h a t ,  w h e n  t he  
ionic s t r e n g t h  of t he  m e d i u m  was  m a i n t a i n e d  c o n s t a n t ,  
t h e  ef fec t iveness  of mono-  a n d  m u l t i v a l e n t  ca t ions  to  
suppress  t h e  express ion  of surface  ionogenic  groups  was 
n o t  t h e  same,  w h i c h  is c o n t r a r y  to t he  p red ic t ions  m a d e  
b y  t h e  lyophob ic  colloid t h e o r y  4, 6. The  ef fec t iveness  of t he  
ca t ions  s tud ied  to suppress  t he  E M  appea r s  to  be  r e l a t ed  
to t h e  specific phys i cochemica l  p rope r t i e s  of t he  ca t ion ,  
e.g., large h y d r a t e d  ionic rad ius  (Li+), ab i l i t y  to  fo rm 
po lymer i c  h y d r o x i d e  complexes  (AI+++), d i f fe ren t ia l  
a f f in i ty  for  ava i l ab le  ionogenic  si tes a t  t he  surface  (Cd ++, 
Pb++, Zn++, Ca++). Changes  in t h e  ca t ion ic  compos i t i on  
of t h e  e n v i r o n m e n t ,  even  w h e n  t h e  ionic s t r e n g t h  re- 
ma ins  cons t an t ,  can,  therefore ,  r esu l t  in s ign i f ican t  a n d  
u n e x p e c t e d  ch~mges in t i le express ion  of surface  ionogenic  
sites. The  inf luence  of such  changes  on  cell f unc t i on  a n d  
b e h a v i o r  Call be  of e x t r e m e  impor t ance ,  especial ly  as 
some of t he  ca t ions  s tud ied  h a v e  been  imp l i ca t ed  in ab-  
n o r m a l  d e v e l o p m e n t  (Li+)7, oncogenesis  (Cd++, Zn++)s , ,  
a n d  air  a n d  w a t e r  po l lu t ion  (Pb  ++, Cd ++, Zn++)10. 
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Summary. Cytologic  a sp i r a t i on  spec imens  of pe r i t onea l  f luid revea led  t h a t  meso the l i a l  cell p ropo r t i ons  were s ign i f ican t ly  
r educed  19.2% in w o m e n  b e t w e e n  26 and  35 years  of age. Poss ibly ,  meso the l i a l  cell r enewal  was  decreased  in w o m e n  
of t h e  older  age groups.  

Cel lular  pe r i t onea l  f luid m a y  p r ov i de  a useful  tool  for  
s t u d y i n g  age p a r t i c u l a r l y  in  women.  I n  p rev ious  s tud ies  
we h a v e  def ined  a n  ave rage  cel lular  s t a n d a r d  for  per i -  
t o n e a l  f luid in w o m e n  a n d  h a v e  s t ressed  t he  poss ib i l i ty  
t h a t  cel lular  samples  o b t a i n e d  f rom t he  Douglas  p o u c h  
p rov ide  a n  i n d e x  for  u n d e r s t a n d i n g  t h e  n o r m a l  cel lular  
response  w i t h i n  t h e  pelvic  c a v i t y  2-6. W e  obse rved  in a 
few w o m e n  u n d e r  20 years  of age an  e l eva t ed  meso the l i a l  
eel1 coun t .  I n  mice,  age a n d  sex di f ference p r o f o u n d l y  
in f luenced  t i le  cel lular  d i s t r i b u t i o n  w i t h i n  t he  a b d o m i n a l  
cav i ty .  Mesothel ia l  cell p ropo r t i ona l s  increased  f rom b i r t h  
to  sexua l  m a t u r i t y  in  female  mice  b u t  no t  in  males~,S. 
L y m p h o c y t e s  also, increased  w i t h  a d v a n c i n g  age f rom 
b i r t h  b u t  t he  ' da i sy  cell' was  seen on ly  a t  weaning .  The  
p r e s e n t  s t u d y  a t t e m p t s  to  i n v e s t i g a t e  t he  inf luence  of age 
on  pe r i tonea l  f luid cel lular  c o n t e n t  of w o m e n  be t ween  
20 a n d  40 years  of age g iv ing  special  a t t e n t i o n  to  poss ible  
changes  in t h e  r e l a t ive  n u m b e r  of meso the l i a l  ceils. 

Cul-de-sac a sp i r a t ions  were p e r f o r m e d  on 70 w o m e n  
b e t w e e n  t h e  ages of 20 a n d  40 years  whose  h i s t o r y  a n d  
p h y s i c a l  e x a m i n a t i o n  i nd i ca t ed  t h a t  t h e y  were free of 
med ica l  disorders .  All  w o m e n  h a d  n o r m a l  m e n s t r u a l  
cycles a n d  were  a r r a n g e d  in to  4 age g roups :  20-25,  26-30,  

31-35 a n d  36-40 years .  Group  sizes r a n g e d  f rom 11 to  32 
women .  The  pos te r io r  fo rn ix  of t he  v a g i n a  was t h o r o u g h l y  
c leansed  w i t h  a d isposable  c o t t o n - t i p p e d  app l i ca to r  a n d  a 
21-gauge needle  w i t h  an  a c c o m p a n y i n g  s ty l e t  was  used 
to en t e r  t h e  cul-de-sac.  W e  i m m e d i a t e l y  p laced  t he  
a s p i r a t e d  spec imen  on a n  a l b u m i n - c o a t e d  slide wh ich  was 
f ixed and  s t a i ned  b y  P a p a n i c o l a 0 u ' s  p rocedure" .  200 
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