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Inhibition of the high-affinity glucose transporter GLUT 1 affects 
the sensitivity to glucose in a hamster-derived pancreatic beta cell line 
(HIT) 
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Summary. HIT is a hamster-derived beta-cell line which in 
contrast to normal beta cells that only express the high Km 
GLUT-2 glucose transporter, also expresses the low Km glu- 
cose transporter GLUT 1. In HIT cells the abnormal glucose 
transport mechanism is associated with a marked shift to the 
left of the glucose-induced insulin release dose-response 
curve. We have used this cell model to investigate whether 
changes in glucose transport affect the glucose-induced in- 
sulin release. HIT cells were first incubated with a concentra- 
tion of cytochalasin B (0.4 btmol/1) that selectively inhibits the 
GLUT-1 but not the GLUT-2 transporter. The consequences 
of blocking glucose phosphorylation and insulin release were 
studied. Exposure to 0.4 gmol/1 cytochalasin B for i h caused 
a selective loss of the low Km transport: the calculated Vm~x of 
GLUT 1 was reduced from 1726 + 98 to 184 + 14 pmol.mg 
protein ~ 5 min- ~ (mean + SEM, n = 6, p < 0.005), while no 
major difference in the high Km (GLUT-2) transport was ob- 

served. In cytochalasin B exposed HIT cells the glucose 
phosphorylating activity (due to hexokinase and glucoki- 
nase) was unaffected. In these cells, however, the dose-re- 
sponse curve of glucose-induced insulin release was signifi- 
cantly shifted to the right: the 50 % of maximal response (in- 
crement over baseline) was reached at an average glucose 
concentration of 2.9 + 0.2 mmol/1 (vs 0.6 + 0.01 mmol/1 in 
control HIT cells mean + SE, n = 5, p < 0.05) and the maxi- 
mal effect was reached at 11.0 mmol/1 glucose (vs 2.8 mmol/1 
in control HIT cells p < 0.005). These results are consistent 
with the hypothesis that the affinity of the glucose transport 
system may contribute to determination of the glucose 
threshold concentration that triggers insulin secretion. 
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The "glucose sensor" is a complex system that allows 
the pancreatic beta cell to adequately secrete insulin in re- 
sponse to changes in the environmental glucose. How the 
different components of this system determine the maxi- 
mal responsivity to glucose (glucose responsiveness) and 
the threshold concentration of glucose that initiates in- 
sulin secretion (glucose sensitivity) is not completely 
understood. A number of experimental findings suggest 
that glucose phosphorylation (due to glucokinase) rather 
than glucose transport, is the major determinant of glu- 
cose responsiveness [1]. The mechanism(s) which regu- 
late glucose sensitivity are less clear. We have recently ob- 
served that chronic exposure of rat beta cells to different 
glucose concentrations modulates GLUT-2 affinity, and 
that these changes are associated with a consensual shift of 
the dose-response curve of glucose-induced insulin re- 
lease [2]. This observation is compatible with the hypoth- 
esis that the affinity of the beta cell glucose transport 
might play a role in determining the threshold of glucose- 
induced insulin release. 

To further investigate this hypothesis, we used HIT  
pancreatic cells, a hamster-derived beta cell line which, 
in contrast to normal beta cells, abnormally expresses 
the high-affinity glucose transporter GLUT-1 in addi- 
tion to GLUT-2 [3]. This cell line also has an altered 
glucose utilization pattern [4]. These HIT  cell abnor- 
malities are associated with a marked shift to the left of 
the dose-response curve of glucose-induced insulin re- 
lease. In this cell model we investigated whether expo- 
sure to a concentration of cytochalasin B (0.4 btmol/1) 
which selectively inhibits the GLUT-1 but not the 
GLUT-2 transporter [5] would affect H IT  cell sensitivity 
to glucose. 

Materials and methods 

HIT pancreatic cells in permanent culture were grown in Ham F-12 
medium (Gibco, Glasgow, UK) containing 10 % fetal calf serum and 
11 mmol/1 glucose. All experiments were performed within culture 
passages 74-80. 
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Fig. 1. Glucose transport kinetic in HIT cells. 
3-O-[3H]methyl-D-glucose transport was 
measured in HIT cells incubated in KRP buff- 
er either in the absence (left panel) or in the 
presence (right panel) of 0.4 btmol/1 cytocha- 
lasin B (see Materials and methods). The high 
affinity glucose transport ( [] ) is abolished by 
cytochalasin B, while the low affinity transport 
( 0 )  is unaffected. Results are presented ac- 
cording to the Eadie-Hofstee plot. A repre- 
sentative plot of six separate experiments is 
shown V, Reaction velocity; S, Substrate con- 
centration 
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Fig. 2. Effect of pre-exposure to cytochalasin 
B on glucose-induced insulin release from HIT 
cells. Left panel: Cells incubated for I h either 
in the absence ( [] ) or in the presence ( [] ) of 
0.4 btmol/1 cytochalasin B were stimulated with 
increasing glucose concentrations for 30 min 
and then insulin released in the medium was 
measured. Data represent the mean _+ SEM of 
five separate experiments. Right panel: data 
from the left panel are presented as percent of 
the maximal effect (increase over baseline) 

Glucose transport 

HIT cells were washed twice and incubated with Krebs-Ringer- 
Phosphate (KRP) buffer for i h at 37 ~ in the presence or absence 
of 0.4 btmol/1 cytochalasin B. The buffer was then replaced with 
0.4 ml of fresh KRP containing increasing concentrations (0.1- 
60 retool/l) of 3-O-[3H]methyl-D-glucose (Amersham, Amersham, 
Bucks., UK, specific activity 2.74 Ci/mmol) at a constant specific ac- 
tivity of 0.06 gCi/mmol. After 5 min at 24~ the transport was 
stopped by washing the cells three times with ice-cold KRP contain- 
ing 0.5% bovine serum albumin, 400mmol/1 D-glucose and 
10 mmol/1 phlorizin, pH 7.4 [2]. Cells were then solubilized with 1 ml 
0.03% sodium dodecyI sulphate (SDS), the cell-incorporated 
radioactivity was counted and normalised to the protein content. [U- 
14C]-sucrose uptake was measured to correct for radioactivity in the 
extracellular space. 

Glucose phosphorylation 

HIT cells were washed twice and incubated for I h at 37 ~ in KRP 
either in the presence or the absence of 0.4 gmol/1 cytochalasin B. 
The glucose phosphorylation rate was determined by measuring the 
rate of glucose 6-phosphate formation in a fluorimetric assay [2]. 
The reaction was stopped after l h  at 30~ by adding l m l  of 
500 mmol/1 sodium bicarbonate buffer, pH 9.4. Fluorescence was 
then measured at 460 nm (excitation at 340 nm). To calculate the 
glucokinase activity, the Vm~x for hexokinase was subtracted from the 
activities measured at concentrations higher than 5.0 mmol/1. A cor- 
rection factor, Q10 of 2 was used when calculating the ratio of glu- 
cose transport to phosphorylating activity in order to adjust for the 
use of different temperatures when measuring glucose transport 
(24 ~ and phosphorylation (30 ~ [1]. 

Insulin secretion 

HIT cells were washed twice and incubated for i h at 37 ~ either in 
the presence or the absence of 0.4 gmol/1 cytochalasin B. Cells were 
then incubated for 30 min in KRP containing increasing glucose con- 
centrations [3]. The insulin released in the buffer was measured by 
radioimmunoassay using rat insulin as a standard, and the data were 
expressed as pg of insulin released per 30 min per mg cell protein. 

Statistical analysis 

Statistical significance was assessed by Student's t-test for unpaired 
comparisons. 

Results  

3-O-[3H]methyl->glucose uptake 

W h e n  increas ing  concen t ra t ions  of  3 -0 -me thy l -B-g lucose  
were  a d d e d  to H I T  cells, the  E a d i e - H o f s t e e  p lo t  showed  
two k ine t ica l ly  dis t inct  c o m p o n e n t s  (Fig. 1, left  panel ) :  
one  with  an a p p a r e n t  Michae l i s  cons tan t  (Km) of  1.1 + 
0.2 mmol/1 ( m e a n  + SEM,  n = 6), and  a n o t h e r  wi th  an ap-  
p a r e n t  Km of  14.1 + 2.6 retool/1. The  re la t ive  capac i ty  of  
the  low Km c o m p o n e n t  was a p p r o x i m a t e l y  1 5 - 2 0 % .  H I T  
cells p r e i n c u b a t e d  with  0.4 btmol/1 cy tocha las in  B showed  
a se lec t ive  loss of  the  low Km t ranspor t ,  wi th  no m a j o r  
change  in the  high Km t r anspo r t  (Fig. 1, r ight  panel ) .  In  six 
s epa ra t e  expe r imen t s  the  ca lcu la t ed  Vm~x of  G L U T - 1  af ter  
exposu re  to cy tocha las in  B was r e d u c e d  f rom 1.73 _+ 0.09 
to 0.18 + 0.01 nmol  .mg p r o t e i n -  1.5 m i n -  1 ( m e a n  _+ SEM,  
p < 0.005). 
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Glucose phosphorylation 

Two kinetically distinct components of the glucose- 
phosphorylating activity were seen in HIT  cells. One 
component had an apparent Km of 0.16 +0.02 mmol/1 
and a Vmax of 13.4 + 2.1 nmol .mg.pro te in  -I-90 min -1 
(mean + SEM, n = 6), the other one had an apparent Km of 
7.6 + 0.6 mmol/l and a Vmax of 54.0 --- 4.1 nmol .mg pro- 
tein I 90 min- 1. Pre-exposure to 0.4 gmol/1 cytochalasin 
B did not affect either the low (Km 7.9 mmol/1, Vmax 
51.5 + 3.2 nmol.  mg protein - 1.90 min-  ~, n = 6) or the high 
affinity (Km = 0.19 + 0.02, Vm~ 12.6 +2.7, n = 6) glucose- 
phosphorylating activity. 

When the ratio of glucose transport to phosphorylating 
activity was calculated at different glucose concentra- 
tions, different values were found. Glucose phosphoryla- 
tion exceeded glucose transport by a factor of approxi- 
mately 2 at glucose concentrations lower than 2.0 mmol/1. 
In contrast glucose transport was in excess by a factor of 
approximately 2 at 5 mmol/1 and by a factor of approxi- 
mately 5 at 10 mmol/1 glucose. 

Insulin secretion 

Under  basal conditions in HIT cells the insulin secretion 
pattern in response to glucose was shifted to the left com- 
pared to that observed in normal rat beta cells: half maxi- 
mal stimulation (ECs0) was reached at a glucose concen- 
tration of 0.6 + 0.01 (mean + SEM, n = 5) and maximal ef- 
fect was observed at 2.8 mmol/1 glucose (Fig. 2). HIT  cell 
exposure to 0.4 gmol/1 cytochalasin B for 1 h, together 
with the selective loss of the low Km glucose transport, 
caused a change of glucose sensitivity. The ECs0 was 
reached at an average glucose concentration of 
2.9 + 0.2 mmol/1 (vs 0.6 + 0.01 mmol/1 in control HIT  cells 
mean + SEM, n = 5, p < 0.05) and the maximal effect was 
observed at 11.0 mmol/1 glucose (vs control HIT  cells 
p < 0.005) (Fig.2). In contrast to glucose sensitivity, the 
maximal responsiveness to glucose was unaffected by ex- 
posure to cytochalasin. 
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pattern (i. e. prevalence of the low-Kin component,  due to 
an altered intracellular distribution of hexokinase or to 
a different isoenzyme) [4]. Our study demonstrates that 
in HIT  cells, when the low-Kin component  of glucose 
transport is inhibited and, therefore, only the high-Kin 
GLUT-2 is functioning, the glucose concentration that 
initiates insulin release is enhanced, and a shift to the 
right of the glucose dose-response curve is observed. 
Since HIT cell preincubation with cytochalasin B caused 
no change in their glucose phosphorylating activity, these 
observations suggest that changes in the glucose trans- 
port system affinity per se may affect the HIT cell sensi- 
tivity to glucose. 

Firm evidence has been found that glucose phosphory- 
lation plays a major role in determining insulin secretion 
pattern in response to glucose, and Epstein et al. [10] have 
recently demonstrated that changes in the hexokinase ac- 
tivity may also affect glucose sensitivity. It seems reason- 
able, however, that glucose availability for the phosphory- 
lating enzyme is a prerequisite for either hexokinase or 
glucokinase function. In particular at low glucose concen- 
trations which are close to the threshold level for stimulat- 
ing insulin secretion, hexokinase significantly contributes 
to phosphorylation of glucose [1]. Under  these conditions 
glucose transport is rate-limiting for glucose metabolism 
in HIT cells, whereas in normal rat beta cells it exceeds 
glucose phosphorylation, but only slightly in comparison 
to higher glucose levels [2]. In cultured rat beta cells we 
have recently demonstrated a co-ordinate effect of the 
medium glucose concentration on both the glucose trans- 
porter  affinity and the beta-cell sensitivity to glucose [2], a 
finding that is consistent with a possible role of glucose 
transport in influencing the threshold concentration of 
glucose which triggers insulin secretion. The present data 
are consistent with this possibility. Altogether these data 
support the possibility that both component  of the glucose 
sensing mechanism (i. e. transport and phosphorylation) 
may contribute to determination of the threshold concen- 
tration of glucose that stimulates insulin secretion. 
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Discussion 

The present data indicate that HIT  cell exposure to cyto- 
chalasin B causes a selective loss of the high-affinity com- 
ponent of glucose transport, a finding that has also been 
observed in normal rat beta cells [5]. Under  these condi- 
tions a reduction of glucose sensitivity is observed, as indi- 
cated by a shift to the right of the insulin release dose-re- 
sponse curve to glucose. 

An increased sensitivity to low glucose concentrations 
is a characteristic feature of several cultured insulinoma 
cell lines [6], and human insulinomas [7]. The mechanism 
causing this altered glucose sensitivity is unknown, but an 
abnormality of the glucose sensor is the leading candi- 
date. In insulinoma cells an alteration of both compo- 
nents of the glucose sensor has been described: an abnor- 
mal glucose transporter expression (high level of the low- 
Km GLUT- l )  [3, 8, 9], and an abnormal phosphorylation 
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