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Original Article 
Insulin analogs detemir, glargine  
and lispro enhance proliferation of human  
thyroid and gastric normal or cancer cell lines
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Abstract: Previous studies indicate that insulin associated signals can activate the phosphatidylinositol 3-kinase 
(PI3K) and mitogen-activated protein kinase (MAPK) pathways, resulting in metabolic and mitogenic effects. The 
purpose of our study was to investigate the influence of the insulin analogs Detemir, Aspart, Glargine and Lispro on 
the human cancer cell cultures. We incubated thyroid cell line HTori3; thyroid cancer cell lines K1, 8305c, FTC133, 
normal gastric cell line GES-1, and gastric cancer cell lines MGC803 SGC7901 BGC823 with insulin, insulin-like 
growth factor-1 (IGF-1) or insulin analogs Detemir, Aspart, Glargine and Lispro, and assessed proliferation by MTT 
assay, apoptosis by flow cytometry and cell invasion with transwell cultures. In addition, phosphorylation of signaling 
molecules was detected by immunoblot. Detemir, Glargine and Lispro induced proliferation of K1 and HTori3, but 
had no effect on cell invasion of 8305c or SGC7901 cells. These insulin analogs varied in their capacity to induce 
proliferation in these cell lines, but all compounds increased the rate of apoptosis in all cell lines. ERK phosphoryla-
tion was not observed in response to insulin, IFG-1 or Glargine in GES-1, MGC803, BGC823 or HTori3 cells, however 
was observed in response to insulin, IFG-1 or Glargine in K1 and FTC133. Enhanced Akt phosphorylaition was not 
observed in any condition. Insulin analogs Detemir, Glargine and Lispro, but not Aspart, induce proliferation of nor-
mal and cancerous thyroid and gastric cell lines. The enhancement of proliferation mediated by insulin analogs in 
thyroid cancer cell lines may be mediated by ERK phosphorylation.
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Introduction

Patients with type 2 diabetes are known to 
have a modestly increased risk of developing 
cancer, and/or worse cancer prognosis than 
individuals without diabetes [1]. A recent sur-
vey conducted in Taiwan indicated that the risk 
of gastric cancer may be elevated by 14% in 
diabetic patients [2], and increased incidence 
of thyroid cancer has been reported in diabetic 
women [3]. Furthermore, recently the incidence 
of colorectal cancer in patients with type 2 dia-
betes was found to be elevated by hyperinsu-
linaemia and hyperglycemia.

Administration of exogenous insulin is the pre-
dominant treatment for type 1 and type 2 dia-
betes [4]. However, insulin-related signaling 
pathways have been implicated in tumor devel-

opment [5], and the impact of long term insulin 
use on the incidence, development of metasta-
sis of tumors are poorly defined. 

Point mutations within the insulin gene have 
facilitated development of a range of short-act-
ing and long-acting insulin analogs, that mimic 
physiological postprandial secretion and basal 
insulin secretion, respectively [6, 7]. Although 
the pharmacological profile of these analogs 
has been well characterized [8], the potential 
mitogenic effects of most of these analogs are 
yet to be systematically evaluated [9, 10].

Most insulin analogs were created by modifying 
the C-terminal of the native insulin β-chain, a 
region that does not participate in binding to 
the insulin receptor (IR) [7]. Short-acting insulin 
analogs Aspart and Lispro were generated  
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by exchanging B28 lysine with Aspartate, 
(Humalog, Eli Lilly, USA) and reversal of the pen-
ultimate lysine and proline residues, respec-
tively. Long-acting insulin analog Detemir was 
generated by omitting a threonine residue at 
position B30, and acylation of a lysine residue 
at position B29 with myristic acid, a C14 fatty 
acid chain. Glargine (Lantus, Sanofi Aventis, 
Germany), also a long-acting insulin, was gener-
ated by substitution of asparagine with glycine 
at N21 and addition of two arginines to the car-
boxy terminal of the β-chain.

In addition to influencing absorption kinetics, 
some of these mutations have been found to 
enhance affinity for the insulin-like growth fac-
tor-1 (IGF-1) receptor (IGF-1R), which has been 
implicated in the putative carcinogenic activi-
ties of some of these compounds [11-13]. 
Although insulin is predominantly involved in 
the regulation of metabolism and IGF-1 is pre-
dominantly involved in growth processes, there 
is a certain degree of crosstalk between insu-
lin, IGF-1 and their receptors [14, 15]. IGF-1R is 
a transmembrane tyrosine kinase receptor 
responsible for mediating most of the biological 
activities of IGF-1 and IGF-II. Insulin exhibits a 
number of IGF-1-like activities, such as growth 
stimulation, protection from apoptosis, and 
IGF-1 can exert certain metabolic effects [16]. 
In addition to mediating physiological growth 
and metabolic actions, stimulation of the IGF-
1R has been implicated in tumor growth [14, 
17], and IGF-1R expression has been found to 
be elevated in various neoplastic processes 
and many types of cancer [17]. IR and IGF-1R 
share 70% homology [18], and although IR is 
mainly involved in mediating metabolic activi-
ties, and IGF-1R primarily mediates cellular 
growth and differentiation [19], both receptors 
elicit putative carcinogenic activity in response 
to insulin binding [20]. 

Given the crosstalk between insulin and IGF-1 
signaling pathways, and in view of the mo- 
difications introduced into the structure of insu-
lin analogs, the widespread use of insulin and 
insulin analogs in recent years has raised a 
number of concerns among clinicians, patients 
and regulatory agencies, regarding the safety 
of the life-long use of these synthetic hor- 
mones.

Recent reports have highlighted the increased 
risk of malignant neoplasms and death in dia-
betic patients treated either with insulin or 

insulin analogs. The use of Glargine, in particu-
lar, has been associated with a possible in- 
creased risk of tumors in humans. However, in 
a Swedish study based on 114,841 diabetic 
patients and a Scottish study including 49,197 
patients [21, 22], no relationship was found 
between administration of insulin analogs and 
cancer risk [23]. Hyperinsulinemia, in a non-
obese mouse model of type 2 diabetes, has 
been reported to lead to increased mitogenic 
activity in follicular cells, incubation of follicular 
cells with TSH and insulin causes greater prolif-
eration than incubation with TSH alone [24], 
suggesting that insulin may mimic the activity 
of IGF-1 in follicular cells. Follicular cells synthe-
size IGF-1 and express cell surface IGF-1 recep-
tors, and this pathway as been implicated in 
the pathogenesis of thyroid nodules.

However, whether insulin is capable of indu- 
cing or promoting mitogenic effects through its 
cognate receptor or via the IGF-1R remains a 
controversial question [25-27]. Recently some 
insulin analogs have been reported to induce 
proliferation and inhibit apoptosis of human 
cell lines via activation of IGF-1-related signal-
ing pathways [16, 28-30]. We sought to charac-
terize and compare the capacity of insulin 
Detemir, Aspart, Glargine and Lispro to influ-
ence proliferation of cultured human gastric 
and thyroid cell lines, and to probe the mecha-
nism by which these insulin analogs influence 
intracellular signaling. Our results indicate that 
in some cell lines, long-acting analog insulin 
Detemir induces proliferation via insulin-relat-
ed signaling pathways in a similar fashion to 
IGF-1.

Materials and methods

Cell culture

The human thyroid cell line HTori3 and human 
gastric cancer cell lines MGC803, SGC7901, 
BGC823 were cultured in RPMI-1640 medium 
supplemented with 10% fetal bovine serum 
(FBS). The human thyroid cancer cell lines K1 
and 8305c were cultured in Roswell Park 
Memorial Institute medium RPMI-1640 supple-
mented with 10% FBS, 1% glutamine, and  
1% non-essential amino acid. The human fol-
licular thyroid carcinoma cell line FTC133 was 
grown in Dulbecco’s Modified Eagle Medium 
(DMEM)/F12 supplemented with 10% FBS. The 
human gastric cell line GES-1 was grown in 
DMEM with 10% FBS. Cells were incubated 
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with the following hormones and analogs: 
Insulin (Insulin R, Bayer); Detemir (Levemir, 
Novo Nordisk); Aspart (Novolog, Novo Nordi- 
sk); Glargine (Lantus, Sanofi Aventis); Lispro 
(Humalog, Eli Lilly) and IGF-1 (Peprotech 
American); Stock solutions of insulin and insu-
lin analogs were made at 100 IU/mL and stock 
solutions of IGF-1 were made at 1 mg/mL.

Proliferation assay

Cells were plated in 96 well plates (1×104 cells/
well) in complete medium. After 24 h the medi-
um was of cancer cell lines was replaced with 
serum-free medium and the medium of normal 
cell lines was replaced with serum-reduced 
medium (containing 1% FBS). Hormones and 
analogs at the indicated concentrations were 
replenished every 24 h. After 48 h, proliferation 
was assessed by MTT assay. Briefly, 5 mg/ml 
MTT was added to plates, which were then 
incubated for 4 h. Supernatants were collected 
and absorbance was measured at 570 nm (Bio-
tek, Synergy2, USA).

Apoptosis assay

Cells (2×105) were stained with PI and FITC-
Annexin V (Sigma, USA) for 15 minutes and the 
percentages of apoptotic cells were analyzed 
by flow cytometry using BD FACSVerseTM 
(Becton & Dickinson Company, USA).

Cell invasion assay

Invasion of 8305C and SGC7901 cell lines was 
assessed using transwell chambers (Thermo, 
USA) with 8 mm pore polycarbonate filters coat-

ed with 50 mg/ml MatrigelTM (BD, Biosciences, 
Bedford, MA) diluted in serum-free medium. 
SGC7901 (105 cells/chamber) were seeded in 
the top of cylindrical cell culture inserts in 
serum-free RPMI-1640 media, while 8305c 
were cultures with 0.5% FBS. RPMI-1640 media 
with 10% FBS was placed in wells below and 
cells were incubated with 100 nM Detemir, 
IGF-1 or insulin for 24 h at 37°C in 5% CO2. Non-
migrating cells were removed from upper sur-
faces of chambers by scrubbing with a cotton 
swab. The cells on the lower membrane were 
fixed in 100% methanol for 20 min and stained 
with 0.1% Crystal Violet (Invitrogen) for 5 min at 
room temperature. Cells on the lower mem-
brane were counted under a microscope.

Immunoblot

Cells were serum-starved overnight, then incu-
bated with 10 nmol/L glargine, IGF-1 or insulin 
for 60 min. Cells were harvested with ice-cold 
PBS containing 5 mmol/L EDTA and lysed in a 
buffer composed of 150 mmol/L NaCl, 20 
mmol/L Hepes, pH 7.5, 1% Triton X-100, 2 
mmol/L EDTA, 2 mmol/L EGTA, 1 mmol/L 
PMSF, 2 µg/mL aprotinin, 1 mmol/L leupeptin, 
1 mmol/L pyrophosphate, 1 mmol/L vanadate 
and 1 mmol/L DTT. Samples (150 mg) were 
subjected to 10% sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PA- 
GE), followed by transfer of proteins to polyvi-
nylidene fluoride membrane. Membranes were 
blocked with 5% bovine serum albumin (BSA), 
in T-TBS (20 mmol/L Tris-HCl, pH 7.5, 135 
mmol/L NaCl and 0.1% Tween-20), then incu-
bated with antibodies directed towards GA- 
PDH (Abmart, China), phospho-ERK (Thr202/
Tyr204, Bioworld, USA), phospho-AKT (Bioworld, 
USA). Membranes were then washed in TBST, 
incubated with horseradish peroxidase (HRP)-
conjugated secondary antibody (ZSGB, China) 
for 1 h at room temperature and washed again 
in TBST. Protein signals were detected by 
enhanced chemiluminescence (ECL) and ex- 
posed to X-ray film. GAPDH was used as an 
internal control.

Statistical analysis 

Data were expressed as mean ± SE. The 
Student’s t-test (unpaired) was performed 
using InStat software version 3 (GraphPad 
Software, San Diego, CA). P values <0.05 were 
considered to be significant.

Table 1. Screening of mammary epithelial cell 
lines for proliferative response to insulin
Cell lines Proliferation (fold of control)
HToRi3 1.33±0.09
K1 1.20±0.05
8305c 1.02±0.07
FTC133 0.95±0.01
GES-1 0.89±0.04
MGC803 1.13±0.10
BGC823 0.95±0.02
SGC7901 1.12±0.04
Cells were starved for 24 h then incubated with 10 Mol 
insulin for 48 h. Proliferation was assessed using the 
MTT protocol. Proliferation was calculated by cell number 
in presence of insulin divided by cell number in the 
absence of insulin. Data presents mean ± SD.
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Results 

Insulin analogs induce proliferation of thyroid 
cell lines K1 and HTori3

We assessed the impact of insulin on prolifer- 
ation of the normal thyroid cell line HTori3;  
gastric cancer cell lines MGC803, SGC7901, 
BGC823; the thyroid cancer cell lines K1 and 
8305c; the human follicular thyroid carcinoma 
cell line FTC133 and the human normal gastric 
cell line GES-1. 10 nMol insulin induced mild 
proliferation in the normal thyroid cancer cell 
line, the two thyroid cancer cell lines tested and 
two of three gastric cancer cell lines tested, but 
neither the follicular thyroid carcinoma cell line 
nor human normal gastric cell line (Table 1). In 
the presence of insulin the thyroid cell line 
HTori3 grew 1.33±0.09 fold faster than the 
control, and the thyroid cancer cell line K1 grew 
1.20±0.05 fold faster than the control. We fur-
ther assessed the mitogenic capacity of insulin 

analogs in HTori3, K1, GES-1 and SGC7901 
cells (Figures 1 and 2). 

The enhancement of proliferation mediated by 
insulin and insulin analogs was more substan-
tial in the thyroid cancer cell line, K1, than the 
normal thyroid cell line HTori3. Proliferation of 
HTori3 was enhanced more substantially by 
IFG-1 than insulin at concentrations above 10 
nM (Figure 1A), and in the presence of 1 nM 
Aspart and Glargine and 10 nM Detemir and 
Lispro, increasing in a dose dependent manner. 
While the influence of insulin on K1 prolifera-
tion was only modest, after 48 hours, IGF-1 
enhanced K1 proliferation significantly more 
substantially at concentrations above 0.1 nM 
(Figure 1B). K1 proliferation was also acceler-
ated in the presence of 0.1 nM Detemir, Lispro 
and Glargine, and increased in a dose depen-
dent manner, however, even at 100 nM Aspart 
mediated only a very limited enhancement of 
K1 proliferation (Figure 1B). Proliferation of 
GES-1 cells was enhanced in a dose dependent 

Figure 1. Dose-dependent impact of insulin, IGF-1 and insulin analogs on proliferation of (A) HTori3, (B) K1, (C) 
GES-1 and (D) SGC7901 cell lines. Cells were starved for 24 h, then treated with increasing concentrations of the 
indicated reagents for 48 h. Thereafter, proliferation was assessed using MTT assay. Proliferation is shown as fold 
of control (untreated cells). Values represent the mean ± SD. *P<0.05, **P<0.01.
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manner with Glargine over 0.1 nM, and by 
Lispro over 1 nM. Proliferation of SGC7901C 
was enhanced only by Lispro over 100 nM.

In order to detect whether insulin analogs stim-
ulate cellular proliferation in a time-dependent 

manner, serum-starved cell lines were incu- 
bated with insulin, IGF-I, Detemir, Lispro and 
Glargine (Figure 2). In all conditions HTori3, K1, 
GES-1 and SGC7901 cells proliferated within 
72 h. 

Insulin analogs induced apoptosis in cancer 
cell lines

The level of apoptosis in GES-1, SGC7901, 
8305C, Ki and HTori3 cells was found to be 
elevated in the presence of Insulin, IGF-1 and 
Glargine, but no significant differences in the 
level of apoptosis were detected between th- 
ese three conditions (Figure 3).

Insulin analogs did not alter invasive capacity 
of cancer cell lines 

The migratory ability of human thyroid cancer 
cells has been reported to be rather low, thus 
invasion assays were performed in gastric can-
cer cells. The capacity of gastric cancer cell line 
SGC7901 and thyroid cancer cell line 8305C to 

Figure 2. Time-dependent proliferative effects of insulin, IGF-1 and insulin analogs in (A) HTori3, (B) K1, (C) GES-1 
and (D) SGC7901 cell lines. Cells were incubated with PBS or the indicated reagents at 10 nmol/L for indicated 
time. Thereafter, proliferation was assessed using MTT assay. Proliferation is shown as fold of control (untreated 
cells). Values represent the mean ± SD. *P<0.05.

Figure 3. Rate of apoptosis in cell lines treated with 
insulin, IGF-1 or glargine. The level of apoptosis in 
GES-1, SGC7901, 8305C, Ki and HTori3 cells was as-
sessed by flow cytometry in the presence of Insulin, 
IGF-1 and Glargine, but no significant differences in 
the level of apoptosis were detected between these 
three conditions.
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cross a transwell insert was assessed follow- 
ing incubation with insulin, IGF-1 and insulin 
Detemir and Glargine, but no significant differ-
ences were observed in the number of cells 
crossing the filters (Figure 4).

ERK phosphorylation was involved in insulin 
Glargine- induced proliferation

The signaling pathways responsible for the cel-
lular affects of insulin analogs remains to be 
determined. Both IR and IGF-1R are linked  
to two major signaling pathways: the ras-raf-
MAPK and PI3K-PKB/AKT [11, 25, 26]. We 
assessed the activation of downstream signal-
ing molecules by insulin, IFG-1 and insulin ana-
log Glargine by immunoblot with anti-phospho-
Akt and anti-phospho-ERK1/2 antibodies at 60 
min. Increased ERK phosphorylation was not 
observed in response to any condition in GES-
1, MGC803, BGC823 or HTori3 cells (Figure 
5A-F), however was observed in response to 
insulin, IFG-1 and Glargine in K1 and FTC133 

(Figure 5E and 5F). Enhanced Akt phosphoryla-
tion was not observed in any condition.

Discussion 

Insulin analogs facilitate less frequent dosing 
than insulin, however the modifications to 
these proteins may also influence their off-tar-
get biological activities, and safety concerns 
regarding the mitogenic potential of insulin ana-
logs have been raised [31]. Follicular cells syn-
thesize IGF-1 and express cell surface IGF-1 
receptors, and this pathway as been implicated 
in the pathogenesis of thyroid nodules. We 
observed that both insulin and IGF-1 enhanced 
thyroid cancer and normal thyroid cell line pro-
liferation. We found that long-acting insulin 
analogs Detemir and Glargine and short-acting 
insulin analog Lispro also enhanced prolifera-
tion of a thyroid cancer cell line, and that these 
insulin analogs, in addition to short-acting insu-
lin analog Aspart, enhanced proliferation of a 
normal cancer cell line. However neither insulin 
nor IGF-1, nor the tested insulin analogs, 
impacted the invasion of the gastric cancer cell 
line SGC7901 and thyroid cancer cell line 
8305C.

Previous studies have indicated that IGF-1R 
null cells cannot be transformed by several cel-
lular or viral oncogenes, however they become 
susceptible to the oncogenic mediated trans-
formation after the introduction of a functional 
IGF-1R [26, 32]. Insulin, unlike IGF-1, elicits 
mitogenic, rather than mutagenic effects, but 
can stimulate the growth of transformed cells, 
facilitating their escape from immune surveil-
lance and thus increasing the incidence of clini-
cally evident tumors [33, 34].

However, in vitro studies of the biological activi-
ties of insulin or insulin analogs have reported 
conflicting results, largely due to methodologi-
cal differences between the study settings and 
designs [35]. We studied only cell lines with 
substantial expression of IR and IGF-1R. In thy-
roid cancers elevated expression of hybrid IR/
IGF-IR receptors have been observed both in 
well-differentiated papillary carcinomas and in 
poorly differentiated/undifferentiated carcino-
mas, probably as a consequence of increased 
IR expression [36]. 

Long-acting insulin Detemir stimulated prolifer-
ation of thyroid cell line HTori3 and thyroid 
malignant cell line K1. Although the prolifera-

Figure 4. The influence of insulin analogs on cellular 
invasion. Invasive capacity of (A) SGC7901 and (B) 
8305C incubated with PBS, insulin, IGF-1 or Glargine 
(100 nM). Five microscopic fields were arbitrarily 
chosen and invaded cells were counted. The results 
presented are average of three experiments carried 
out in triplicate and expressed as the mean ± SD.
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tive potency of insulin was lower than Detemir 
and IGF-1, consistent with a recent study 
reporting that both insulin and Detemir sig- 
nificantly enhanced 3[H] thymidine uptake and 
MTT-assayed proliferation of normal human 
breast epithelial cells and breast cancer cells 
[29]. These ligands likely promote cell prolifera-
tion through multiple mechanisms, including 
prolonged stimulation of the insulin receptor, 
stimulation of the IGF-1R, and activation of ERK 
rather than PKB/AKT intracellular pathways. 
Indeed we observed no phosphorylation of AKT 
in response to insulin, IGF-1 or insulin analogs 
in any tested cell line.

We observed that long-acting insulin analogs 
Glargine and short-acting analog Lispro stimu-
lated cell proliferation of thyroid cancer cells. 
Glargine has been previously reported to influ-
ence cell cycle progression and inhibit apopto-
sis [28, 29]. These observations indicate that 
the causal relationship between Glargine and 
gastric and thyroid cancers may be difficult to 
define, and ERK phosphorylation was not ob- 
served in response to insulin, IFG-1 or Glargine 
in GES-1, MGC803, BGC823 or HTori3 cells, 
but was observed in response to insulin, IFG-1 
and Glargine in K1 and FTC133 cells. 

In conclusion, the results presented here indi-
cate that long-acting analogs Detemir and 
Glargine and short-acting analog Lispro can 
stimulate proliferation in human thyroid cancer 
cell lines, but cannot induce invasion of gastric 
cancer or thyroid cancer cell lines. However, our 
conclusions are limited by the number of cell 

lines we used, which cannot fully recapitulate 
the activity of these cell types in vivo. We were 
also unable to determine the mechanism of 
action responsible for this proliferative stimula-
tion. Further studies are required to evaluate 
the signal transduction elicited by insulin ana-
logs and the impact of these synthetic hor-
mones in cellular physiology. 
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