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We demonstrate measurement of cytoplasmic pH (pHi), using 2 ' , 7 ' - b i s ( 2 -  
carboxyethyl)-5 (and 6-) carboxyf luorescein (BCECF), an in terna l ized 
f luorescent pHi ind icator ,  in thyro id ce l ls .  Using cultured porcine thyr9id 
ce l ls ,  we studied the ef fects  of epidermal growth factor  (EGF) on pHi and [~H] 
thymidine incorporat ion; lO nM EGF a lka l in izes  thyroiQ c@lls and stimulates 
thymidine incorporat ion. The resul ts  indicate that Na~/H T exchange or ce l l  
a l ka l i n i za t i on  may funct ion as a transmembrane signal transducer in the action 
of EGF in the thyroid ce l ls .  ® 1988 Academic P . . . . .  I .... 

The mechanisms by which growth factors st imulate metabolism and cel l  

p ro l i f e ra t i on  are largely unknown. Recent evidence suggests that mitogens 

rapid ly  act ivate Na+/H + exchange in the plasma membrane and a lka l i n i ze  the 

ce l ls ,  impl icat ing cytoplasmic pH (pHi) as a potent ia l  "messenger" for ce l l  

growth ( I -5 ) .  Recently, 2 ' , 7 ' -b i s (2 -ca rboxye thy l ) -5  (and 6-) carboxyfluorescein 

(BCECF) (6), an in terna l ized f luorescent  pHi ind icator ,  has been used to 

examine the pHi-regulat ing mechanisms. Epidermal growth fac tor  (EGF) is known 

to st imulate thyroid ce l l  p ro l i f e ra t i on  (7-9). However, the mechanism of th is  

is unknown. Using cul tured porcine thyroid ce l l s ,  we studied the ef fects  of EGF 

on pHi and thymidine incorporat ion. We intended to show that  Na+/H + exchange or 

ce l l  a l ka l i n i za t i on  

thyroid ce l l  growth. 

might funct ion as a transmembrane signal transducer for  
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MATERIALS AND METHODS 

! h l r o i d  cel l  cu l ture:  Thyroid ce l l s  were obtained from porcine thyroid gland~ 
as described previously (lO). Freshly isolated ce l l s  were suspended (3xlO v 
ce l ls /ml )  in Eagle's minimum essent ial  medium (MEM) supplemented with 0.5% 
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f e t a l - c a l f  serum and an t i b io t i cs  ( p e n i c i l l i n ,  200 uni ts/ml;  streptomycin, 50 
ug/ml). Cells were cul tured as a suspension at 370C in a 95% a i r :  5% CO 2 
water-saturated atmosphere ( I I ) ,  
C~toplasmic ~H ~ H ~ :  Cytoplasmic pH (pHi) was measured with the 
tetraacetoxymethyl ester (BCECF-AM) of 2 ' , 7 ' - b i s (2 -ca rboxye thy l ) -5  (and 6-) 
carboxyfluorescein (BCECF) (6). PoTcine thyroid ce l l s ,  cul tured for  16 h, were 
washed twice in a standard HEPES-Na ~ solut ion containing 140 mM NaCl, l mM KCI, 
l mM MgCl~, 1 mM CaCl2, lO mM glucose, and buffered with 20 mM HEPES, pH 7.2. 
The c e l l {  were resuspended in the same buf fer  containing 3 ~M BCECF-AM and 
incubated for  30 min at 37°C. BCECF-AM was converted to the impermeant BCECF 
by cytoplasmic esterases (6). Af ter  loading, the ce l ls  were washed twice i~ 
HEPES-Na" solut ion to remove ex t race l l u l a r  dye and were resuspended at 3xlO ~ 
ce l ls /ml .  The BCECF-loaded ce l ls  were put into a thermostat ic cuvette in a 
Hitachi F-4000 f luorometer (Hi tachi ,  Tokyo), and the ce l l  suspension was 
continuously s t i r red  with a magnetic microbar. The pHi-dependent emission 
in tens i t y  was continuously recorded (exc i ta t ion  wavelength 500 nm; emission 
wavelength 530 nm; s l i t s  5.5/ l l -nm bandpass). Cal ibrat ion of cytoplasmic dye 

• - - t . - • f luorescence as a funct ion of pHl was obtained from H eau ] l l b ra t lon  methods 
using the K+/H + . . . .  ÷ + lonophore n lger lc ln ,  which sets [H ] i / [H  ]o equal to 
[K+] i / [K+]o as previously described (12). B r ie f l y ,  ca l ib ra t ion  was obtained by 
incubation of BCECF-loaded ce l ls  in K ~ medium (140 mM KCl, l mM NaCl, l mM 
MgClg, l mM CaCl~, lO mM glucose) buffered with 20 mM HEPES, and containing 
nige~ic in ( 0 . 7 ~ g ~ l ) .  The pHi-dependent emission in tens i t y  was then measured. 
IncorEoration of [~H~ th#midin~: Isolated thyroid ce l ls  were cul tured for  16 h 
and--then EGF and O : l ~ C i - o f - [  H] thymidine were added to measure the e f fec t  of 
EGF on thymidine incorporat ion. Af ter  incubation, the ce l ls  were col lected and 
washed three times with lOZ t r i ch lo roace t i c  acid (TCA) and dissolved in 0.3 N 
NaOH. Then the i r  r ad i oac t i v i t i e s  were measured in a l iqu id  s c i n t i l l a t i o n  
counter. 
Materials e tc . :  Murine epidermal growth factor  (EGF) was obtained from 
Col laborat ive Research (Waltman, MA, U.S.A.); n iger i c in  and HEPES from Sigma 
(St. Louis, MO, U.S.A.); fe ta l  ca l f  s~rum and Eagle's MEM from Flow 
Laboratories ( I r v ine ,  Scotland, U.K.); [~H] thymidine (2 Ci/mmol) from New 
England Nuclear Corp. (Boston, MA, U.S.A.); BCECF-AM from Molecular Probes, 
Inc. (Junction City, OR, U.S.A.). BCECF-AM was dissolved in dimethyl su l fox ide 
and stored at -20°C. Al l  other chemicals were of the highest pur i t y  avai lable 
commercially. Experiments were conducted at least 4 times. Typical data and the 
f ina l  concentrat ion of EGF are shown in the tex t  and the f igure.  Data were 
s t a t i s t i c a l l y  analyzed with analysis of variance (ANOVA). P<O.05 was considered 
s t a t i s t i c a l l y  s ign i f i can t .  

RESULTS 

EGF-stimulated thyro id ce l l  a l ka l i n i za t i on  and ~ m ~  ~Q£~[~9 ra t i °n ,  

The ce l ls  were loaded with BCECF and then pHi was recorded continuously (Fig. 

I ) .  The rest ing pHi of porcine thyroid ce l ls  in HEPES-Na + solut ion at 37°C was 

7.22+0.04 (n=8). Addit ion of lO nM EGF to these ce l l s  induced i n t r a c e l l u l a r  

a l ka l i n i za t i on ,  reaching a pH of 7.39+0.06 (n=8) in 3 min. 

Ten nM EGF produced a gradual increase in [3H] thymidine incorporat ion (Fig. 

2). A s ign i f i can t  e f fec t  was observed at 6 h. 

DISCUSSION 

We have demonstrated measurement of i n t r a c e l l u l a r  pHi, using BCECF, an 

in terna l ized f luorescent  pHi ind icator ,  in thyroid ce l l s .  EGF st imulates ce l l  
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Fig, l ,  EGF-induced a lka l in izat ion in cytoplasmic pH (pHi). BCECF-loaded cel ls 
were stimulated by lO nM EGF as indicated by an arrow. 

Fig. 2. EGF-induced [3HI thymidine incorporation. The cel ls were incubated with 
(0-0) or without (e-O) lO nM EGF. EGF stimulated thymidine incorporation 
s ign i f i can t ly  at 6 h (P<O.Ol). Each point is the mean+SE of 8-12 
determinations. 

a l k a l i n i z a t i o n  and p r o l i f e r a t i o n ,  i nd i ca t i ng  tha t  Na+/H + exchange or ce l l  

a l k a l i n i z a t i o n  may funct ion as a transmembrane s ignal  transducer in the act ion 

of EGF in the thyro id  c e l l s ,  

EGF has been reported to s t imu la te  thyro id  c e l l  p r o l i f e r a t i o n  (7-9).  A 

cent ra l  problem tha t  remains to be f u l l y  e luc idated is  the cascade of ea r l y  

events s t imulated by EGF. St imula t ion  with EGF induces an ordered sequence of 

biochemical events leading to c e l l  d i v i s i on .  How does the plasma membrane 

t r ans fe r  the environmental in format ion to the c e l l  in order to e l i c i t  the 

p r o l i f e r a t i o n  response? The f i r s t  step in the act ion of EGF is  the binding to 

the EGF receptor at  the ce l l  surface. The EGF-receptor complex is  coupled to 

membrane e f f ec to r  systems tha t  generate i n te rna l  s igna ls .  The i n i t i a l  s ignals  

t r i g g e r  complex c e l l u l a r  responses and i n i t i a t e  DNA synthesis .  One of the 

e a r l i e s t  responses to EGF s t imu la t i on  is  Na+/H + exchange or ce l l  a l k a l i n i z a t i o n  

( I - 5 ) .  In thy ro id  ce l l s ,  EGF s t imu la tes  ce l l  a l k a l i n i z a t i o n  and p r o l i f e r a t i o n ,  

i nd i ca t i ng  tha t  s t imu la t i on  of Na+/H + exchange or a l k a l i n i z a t i o n  may play an 

important ro le  in thy ro id  ce l l  p r o l i f e r a t i o n .  A v a r i e t y  of mitogens have been 

reported to induce cytoplasmic a l k a l i n i z a t i o n  ( I - 5 ) ,  Thus s t imu la t i on  of the 
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Na+/H + exchange appears to be a ubiquitous phenomenon in the p ro l i fe ra t ion  

process. However, th is  is the f i r s t  report to demonstrate that EGF induces 

cytoplasmic a lka l in iza t ion  in thyroid cel ls .  

A very important consequence of the act ivat ion of Na+/H + exchange by mitogens 

is a lka l in iza t ion  of the cytoplasm. A s ign i f i can t  insight into our 

understanding of th is  phenomenon has come from the use of a fluorescence pH 

indicator,  BCECF (6). Changes in cytoplasmic pH can be conveniently monitored 

by recording the pH-dependent emission. Here we show that we can use BCECF to 

measure thyroid cel l  pHi. 

EGF induces cytoplasmic a lka l in iza t ion ,  which may stimulate thyroid cel l  

p ro l i fe ra t ion ,  A major question, to which we have no answer as yet, is the 

physiological role of a lka l in iza t ion  in the action of EGF on cel l  

p ro l i fe ra t ion ,  Further studies are required to establ ish whether a lka l in iza t ion  

plays a functional role in the i n i t i a t i o n  of p ro l i fe ra t ion .  
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