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Abstract

It is not fully clarified whether insulin glargine, an analogue with a high affinity for insulin-

like growth factor-1 receptor (IGF-1R), increases the risk for cancers that abundantly express 

IGF-1R such as breast cancer or some types of breast cancer. To gain insight into this issue, 

female Sprague–Dawley rats fed a high-fat diet were given the carcinogen N-methyl-N-

nitrosourea and randomly assigned to vehicle (control), NPH (unmodified human insulin), 

glargine or detemir (n = 30 per treatment). Insulins were given subcutaneously (15 U/kg/

day) 5 days a week. Mammary tumours were counted twice weekly, and after 6 weeks of 

treatment, extracted for analysis. None of the insulin-treated groups had increased mammary 

tumour incidence at any time compared with control. At 6 weeks, tumour multiplicity 

was increased with NPH or glargine (P < 0.05) and tended to be increased with detemir 

(P = 0.2); however, there was no difference among insulins (number of tumours per rat: 

control = 0.8 ± 0.1, NPH = 1.8 ± 0.3, glargine = 1.5 ± 0.4, detemir = 1.4 ± 0.4; number of tumours per 

tumour-bearing rat: control = 1.3 ± 0.1, NPH = 2.2 ± 0.4, glargine = 2.7 ± 0.5, detemir = 2.3 ± 0.5). 

IGF-1R expression in tumours was lower than that in Michigan Cancer Foundation-7 (MCF-7) 

cells, a cell line that shows greater proliferation with glargine than unmodified insulin. In 

rats, glargine was rapidly metabolised to M1 that does not have greater affinity for IGF-1R. In 

conclusion, in this model of oestrogen-dependent breast cancer in insulin-resistant rats, insulin 

and insulin analogues increased tumour multiplicity with no difference between insulin types.

Introduction

Insulin treatment is life saving for type 1 diabetes and 
essential for achieving glycaemic control and thus preventing 
complications in type 2 diabetes. However, insulin has 

mitotic properties in addition to its well-known metabolic 
actions (1). Epidemiological studies showed that, in patients 
with type 2 diabetes and obese people with insulin resistance, 
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endogenous hyperinsulinaemia is associated with increased 
risk for several types of cancer including breast cancer (2, 3). 
Furthermore, although not consistently (4, 5), other studies 
have found that treatment with insulin increases the risk for 
breast cancer in type 2 diabetes (6, 7).

Insulin analogues are modified insulins with altered 
pharmacokinetics. Because of its pharmacokinetic 
properties, glargine exerts a sustained action up to 24 h after 
subcutaneous injection and is one of the most commonly 
used long-acting insulin analogues. Recently, two 
formulations of glargine have been approved for treatment 
of diabetes: biosimilar glargine that can be provided at a 
lower price, and concentrated glargine (300 IU/mL) that 
exerts a more prolonged action than standard glargine 
(100 IU/mL). Thus, the use of glargine is predicted to 
increase. In 2009, a large database study showed that 
glargine is associated with increased cancer risk compared 
with unmodified native insulin (8). Although subsequent 
studies did not confirm the risk for cancer of all types (9, 
10), whether glargine increases the risk specifically for 
breast cancer or for some types of breast cancer is not fully 
clarified. Large cohort studies and meta-analyses found 
no association between glargine and breast cancer (11, 
12, 13, 14). Also, a prospective trial found no increase in 
breast cancer incidence in glargine users; however, the trial 
was not designed to detect differences in cancer, the dose 
was low and the population at relatively low risk (15). In 
contrast, there are several studies that found increased breast 
cancer risk in glargine users (9, 16, 17, 18), suggesting the 
possibility that glargine might increase breast cancer risk in 
specific groups or in the long term (17, 18). Given the fact 
that breast cancer is the most common cancer in women 
and that new concentrated glargine and biosimilar glargine 
would contribute to increasing the number of patients 
treated with glargine, the potential cancer-promoting effect 
of glargine requires more detailed investigation.

Insulin receptor (IR) and insulin-like growth factor-1 
receptor (IGF-1R) are highly expressed in most breast 
cancers (19). In vitro studies show that glargine, which 
has a higher affinity for the IGF-1R than human insulin, 
also has a greater mitotic effect in breast cancer cell 
lines (20, 21). However, in vivo, glargine undergoes rapid 
biotransformation after subcutaneous injection and 
its metabolites have similar affinity to IR and IGF-1R as 
unmodified human insulin (22). Thus, to take into account 
the metabolism of glargine, it is necessary to evaluate 
its effect on mammary tumour promotion in animal 
models. Unlike AspB10, an insulin analogue with proven 
tumourigenic potential (23), glargine did not increase the 
incidence of spontaneous mammary tumours in wild-type 

(WT) mice and rats (24), which can be considered as low-
risk groups for cancer. No insulin except AspB10 increased 
the growth of transplanted mouse mammary cancer cells 
in a model of extreme insulin resistance, which already 
displays accelerated tumour growth (25). In genetically 
modified mice prone to mammary tumour development, 
neither glargine nor unmodified insulin significantly 
altered mammary tumour latency (26). However, there 
was a trend (P = 0.07) for glargine to shorten latency and 
glargine affected intracellular signalling in tumour tissue. 

In the present study, we compared the mammary 
tumour-promoting effect of glargine and detemir, a 
different long-acting modified insulin analogue, to that 
of unmodified insulin in the commonest condition of 
insulin resistance, that is, after high-fat diet. We used a 
model of oestrogen-dependent carcinoma (commonest 
form of breast cancer), the N-methyl-N-nitrosourea 
(MNU)-induced mammary tumour model (27).

Materials and methods

Chemicals

NPH insulin and Humulin R were purchased from Eli 
Lilly, Canada, glargine from Sanofi, Canada and detemir 
from Novo Nordisk, Canada. MNU was from MRI Global 
(Kansas City, MO, USA).

Animals

All procedures were conducted according to the Guide for the 
Care and Use of Laboratory Animals, Eighth edition (2011), 
Office of Laboratory Animal Welfare, National Institutes of 
Health; Chapter XXI-Laboratory Rats ver. 2 and the Canadian 
Council on Animal Care guidelines. The study was approved 
by the Animal Care Committee of the University of Toronto. 
Details are described in Supplementary methods (see section 
on supplementary data given at the end of this article). In 
brief, 4-week-old female Sprague-Dawley rats were put on a 
high-fat diet (40% of total calories), which is an established 
model of insulin resistance, as shown in Supplementary 
Fig. 1. The diet was continued throughout the study. One 
week later, the rats were injected subcutaneously with 
MNU (97 mmol/L in saline) at 485 μmol/kg (28). Thereafter, 
mammary glands were palpated twice per week throughout 
the study. Three weeks after MNU injection and 1  week 
before the onset of insulin treatment, the light–darkness 
cycle was shifted from 07:00–19:00 h to 13:00–01:00 h to 
accustom the rats to eat at the time of peak insulin action, 
once insulin injection was given at 11:00–12:00 h.
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When the rats were 9 weeks old, they were randomly 
assigned to four treatment groups (n = 30 each): saline, NPH, 
glargine or detemir. All insulins were injected subcutaneously 
5 consecutive days per week between 11:00 and 12:00 h (29). 
To avoid hypoglycaemia, insulin was started at 5 U/kg for 
the first 2 days, and then raised to 10 U/kg for the following 
2 days while blood glucose was monitored. Finally, the target 
dose of 15 U/kg was given. During the treatment period, 
blood glucose levels before and 4 h after the injection were 
measured three times per week. No rat experienced severe 
hypoglycaemia defined as blood glucose level <2 mmol/L. 
Following 6  weeks of treatment and 4 h after the last 
injection, blood samples and palpable mammary tumours 
were collected under general anaesthesia with i.p. injection 
of a ketamine/xylazine/acepromazine cocktail (555, 12 and 
2 μmol/kg, respectively). The rats were then euthanized with 
a cocktail overdose. After measuring the weight and size, the 
tumours were cut in half. One half was fixed in 10% neutral 
buffered formalin for histological analysis, and the other half 
was snap-frozen in liquid nitrogen for Western blot analysis. 
Tumour volume was calculated with the following formula: 
4/3*π*r1*r2*r3 (r = radius).

Glucose and insulin measurements

Blood glucose levels were measured using OneTouch 
Glucose Metre (LifeScan Canada Ltd., Burnaby, 
British Columbia, Canada). Blood samples for glucose 
measurement were obtained from a nick in the tail. 
Glycated haemoglobin (HbA1c) levels were measured as a 
National Glycohemoglobin Standardization Program value 
(%) during euthanasia using A1C NOW (Bayer Inc.). Plasma 
samples obtained 4 h after the last injections were used 
for measurement of insulin levels by radioimmunoassay 
(SRI-13K-Sensitive Rat Insulin RIA; Millipore Canada Ltd). 
The cross-reactivity of the insulin kit antibody, which was 
raised against rat insulin, is 100% against human insulin.

Histology

The fixed tumours were embedded in paraffin, and the 
sections were stained with haematoxylin and eosin. Slides 
were examined by one of us (A. M.), a pathologist, according 
to the histological classification of Russo and Russo (30).

Western blots

Western blots were performed to evaluate IR, IGF-1R, 
phosphorylated and total Akt, phosphorylated and total 
ERK 1/2. Details are described in Supplementary methods.

Cell culture

Michigan Cancer Foundation (MCF)-7 cells (American 
Type Culture Collection, Manassas, VA, USA) were 
cultured as described in Supplementary methods.

Kinetics study

A separate group of 9-week-old female Sprague–Dawley 
rats fed the high-fat diet for 5 weeks received cannulation 
of the carotid artery and, following 3  days of recovery, 
underwent injection of analogues with timed blood 
sampling as described in Supplementary methods and 
Supplementary Fig. 2 for the analysis of insulin analogues 
via liquid chromatography coupled to ion mobility mass 
spectrometry (31).

Statistics

Data are expressed as mean ± s.e.m. Sample size was 
calculated to give a power of 80% to detect a twofold 
difference in tumour multiplicity based on our preliminary 
data. Statistics were conducted with Fisher’s exact test 
for categorical data, and one-way or two-way ANOVA, 
as appropriate, followed by Waller–Duncan K-ratio t test 
for continuous data. Calculations were conducted using 
R software (R Development Core Team, R Foundation for 
Statistical Computing, Vienna, Austria).

Results

Metabolic parameters

Table  1 shows the metabolic parameters. Initial body 
weight was similar in all groups. Although there was no 
difference in final body weight or food intake among the 
groups, rats treated with NPH showed a greater weight 
gain than those treated with detemir.

Blood glucose levels

Figure 1A and B show blood glucose levels before and 4 h after 
the treatment injection along the experimental timeline, 
respectively. As expected, all insulins reduced glucose 
levels after injection compared with control. Glargine and 
NPH groups showed slightly higher levels of blood glucose 
before the injection than the control or detemir groups. 
Although blood glucose levels after the injection were 
decreased by all insulins, the decrease was slightly greater 
with NPH and glargine than detemir. Plasma insulin levels 
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and HbA1c levels were evaluated at the end of treatments. 
The rats treated with NPH insulin showed >3-fold higher 
levels of plasma insulin than the controls (control (n = 7), 
425 ± 90 pmol/L; NPH (n = 6), 1472 ± 221 pmol/L, P < 0.001). 
Due to unknown cross-reactivity of the kit with analogues, 
samples of the glargine and detemir groups were not 
assayed. HbA1c levels were slightly lower in the NPH group 
(4.40 ± 0.05%) (P < 0.05) and tended to be lower in glargine 
and detemir groups (4.46 ± 0.04% and 4.45 ± 0.04%, 
P = 0.06 and 0.08, respectively) than the control group 
(4.61 ± 0.05%). The fact that significance was reached for 

NPH but not glargine despite similar glucose levels at 4 h 
after injection presumably indicates that NPH was more 
effective at other time points.

Mammary tumour incidence and multiplicity

All groups developed the first mammary tumour 
between 4 and 5  weeks after MNU injection (Fig.  2). 
Although the NPH group appeared to show a greater 
incidence than the other groups starting at 8  weeks 
after MNU injection, there was no statistical difference 

Table 1  Metabolic parameters.

Control NPH Glargine Detemir

Number 30 30 30 30
Initial body weight (g) 247 ± 4 247 ± 4 249 ± 3 257 ± 4
Final body weight (g) 333 ± 6 346 ± 7 343 ± 5 338 ± 6
Body weight increase (g) 86.5 ± 4.4 98.7 ± 4.5a 93.8 ± 4.4 80.7 ± 3.9
Initial fasting blood glucose levels (mmol/L) 7.1 ± 0.1 7.1 ± 0.1 7.2 ± 0.1 7.2 ± 0.1
Food intake (g/day) 18.3 ± 0.6 21.1 ± 1.4 21.1 ± 1.2 19.7 ± 0.8

Initial body weight and blood glucose levels were measured before the onset of treatment. Food intake shows the average over the treatment period.
aP < 0.05 vs Detemir.

Figure 1
Blood glucose levels taken over the treatment 
period. (A and B) Blood glucose levels taken over 
the treatment period before and 4 h after 
treatment injection, respectively. n = 30 per group. 
P < 0.05: (a) Control vs Glargine; (b) Control vs 
NPH; (c) Control vs Detemir; (d) Detemir vs NPH; 
(e) Detemir vs Glargine; (f) Glargine vs NPH. MNU, 
N-methyl-N-nitrosourea.
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in mammary tumour incidence at any time (P ≥ 0.1). 
Tumour incidence at the end of the study (6  weeks 
after insulin treatment) is shown in Fig. 2B. Figure 2C 
shows tumour multiplicity expressed as number of 
mammary tumours per rat at the end of the study, 
including the rats bearing no tumour. The NPH group 
showed the highest tumour number with significance vs 
control. Although the glargine and detemir groups also 
showed an increased tumour number by approximately 
1.5-fold compared with controls, these differences were 
not significant (P = 0.1–0.2). Figure  2D shows tumour 
multiplicity expressed as number of mammary tumours 
in the tumour-bearing rats. In the glargine group the 
mammary tumour number was significantly elevated 
by 2-fold compared with controls. NPH and detemir 
groups showed approximately doubled mammary 
tumour number; however, these changes did not reach 
significance (P = 0.1–0.2). There were no differences in 
tumour multiplicity expressed in either way between 
NPH, glargine and detemir. When all insulin-treated rats 
were grouped together, we found a significant difference 
in tumour multiplicity, which was higher than that in 
controls (Supplementary Fig. 3).

Mammary tumour growth

The total volume or weight of the tumour tissue 
per tumour-bearing rat tended to be increased with 
all insulins corresponding to increased tumour 
multiplicity; however, these changes were not significant  

(Fig.  3A and B). The average volume or weight of each 
tumour, which is a better surrogate marker of tumour 
growth than total tumour volume, was similar between 
control and insulin-treated groups (Fig. 3C and D).

Histology

One-third of the tumours in each group were randomly 
selected for histological analysis (Fig. 4). According to the 
previously reported classification (30), all the tumours 
were grade 2 papillary carcinomas (subtype of invasive 
ductal carcinomas) with focal comedo and cribriform 
components (not shown).

IR and IGF-1R expression

Although IR and IGF-1R are highly expressed in most 
human breast cancers, their expression in MNU-induced 
mammary tumours has not been determined. MNU-
induced mammary tumours had significantly higher 
IR expression and >10-fold higher IGF-1R expression 
than non-tumourous mammary glands although the 
difference in IGF-1R expression did not reach significance 
(P = 0.2) (Supplementary Fig. 4). In MCF-7 cells, a cell line 
where glargine induces greater proliferation compared 
to unmodified insulin (20, 21), there was a much greater 
expression of IGF-1R than in MNU-induced tumours, 
while IR expression was not different. Insulin treatment 
did not significantly affect IR and IGF-1R expression in 
mammary tumours (Supplementary Fig. 5).

Figure 2
Mammary tumour incidence and tumour 
multiplicity. (A) Mammary tumour incidence 
overtime. (B) Mammary tumour incidence at the 
end of the study. There is no significant 
difference between the groups with Fisher’s exact 
test. (C and D) Mammary tumour multiplicity 
expressed as number of mammary tumours per 
rat in all rats (C) and in tumour-bearing rats (D), 
respectively. (a) Control, n = 24; NPH, n = 24; 
Glargine, n = 24; Detemir, n = 30. (b and c) n = 30 
per group. (d) Control, n = 18; NPH, n = 24; 
Glargine, n = 17; Detemir, n = 19. The number of 
animals in (A) is less than that in (B) and (C) 
because the first few animals were not monitored 
overtime. *P < 0.05 vs Control. MNU, N-methyl-N-
nitrosourea.
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Insulin signalling in tumours

To understand the molecular mechanisms underlying 
the increased tumour multiplicity in insulin-treated 
groups, we evaluated the activation of the two major 
insulin signalling pathways in mammary tumours: 
phosphoinositide 3-kinase (PI3K)/Akt and MAPK/ERK 
pathways. The ratio of phosphorylated (active) Akt to 
total Akt was higher in the glargine and detemir groups 
than the control group (Supplementary Fig.  6A and B). 
In contrast, insulin treatment at this dose (15 U/kg) did 

not change phosphorylation of ERK 1 or 2 compared with 
control (Supplementary Fig. 6C and D).

Plasma concentrations of NPH, glargine and its 
metabolites and detemir after 
subcutaneous injection

In a separate group of high-fat-fed rats, we examined 
the time-course of glucose and insulin analogue 
concentrations after injection. At 4 h after the injection, all 
insulins similarly reduced plasma glucose levels (Fig. 5A). 

Figure 4
Representative cross-sections of mammary 
tumours stained with haematoxylin and eosin 
from each group. Large images, ×100; Small 
images, ×400. White and black arrows show 
prominent nucleoli and hyperchromatic nuclei, 
respectively, which are commonly seen in 
malignancy and did not differ among groups.
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Figure 3
Volume and weight of mammary tumour. (A and 
B) Total volume and weight of mammary tumour 
tissue per tumour-bearing rat. (C and D) average 
volume and weight per tumour. (A and B) 
Control, n = 12; NPH, n = 19; Glargine, n = 11; 
Detemir, n = 13. (C and D) Control, n = 19; NPH, 
n = 44; Glargine, n = 41; Detemir, n = 43.
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However, plasma glucose reduction was greater with NPH 
than detemir at 1.5 h and with NPH and detemir than 
glargine at 9 h. NPH reached its peak concentration at 1.5 h 
and rapidly decreased thereafter (Fig. 5B). After glargine 
injection, M1 concentrations were rapidly elevated, while 
M2 concentrations were very low (Fig. 5B). Detemir showed 
sustained concentrations between 1.5 and 9 h (Fig.  5B). 
Because insulin concentration per unit is different between 
unmodified human insulin and modified insulins, we also 
compared insulin concentrations by unit/L as shown in 
Fig.  5C. Unmetabolised glargine and detemir showed 
steady concentrations up to 9 h, whereas NPH showed a 

sharp peak at 1.5 h; thereafter, the concentrations of NPH 
and those of detemir were approximately twice as high as 
those of unmetabolised glargine, although the difference 
did not reach significance (P = 0.1–0.3).

Discussion

We here demonstrated that, compared with NPH 
(unmodified human insulin), glargine and detemir did not 
increase incidence or multiplicity of mammary tumours 
in a carcinogen-induced rat model of breast cancer in 
the presence of insulin resistance. However, tumour 
multiplicity was increased by all insulins, significantly 
with NPH and glargine. With detemir, the increase 
in multiplicity failed to reach statistical significance; 
however, detemir was also slightly less potent than the 
other insulins on plasma glucose at 4 h.

Several animal studies have been conducted to 
determine whether insulin can increase mammary 
tumours. AspB10, an insulin analogue that was never 
used clinically, increased the incidence of spontaneous 
mammary tumours in rodents (23). Gammeltoft et  al. 
also reported spontaneous mammary tumours with 
human insulin and insulin aspart after 52 weeks in rats 
(32). Insulin treatment increased growth of carcinogen 
(7,12-dimethylbenzanthracene)-induced mammary 
tumours in rats (33, 34) and human breast cancer cell 
orthografts in nude mice (35). There is a study showing 
that insulin did not increase mammary tumour incidence 
or multiplicity in MNU-administered rats (29); however, 
the rats were fed normal chow, unlike our rats that were 
fed a high-fat diet to make them insulin resistant. Models 
of insulin resistance and endogenous hyperinsulinaemia 
also show accelerated chemically and genetically induced 
mammary tumour growth (36). 

To date, the effect of insulin analogues in animal 
models of breast cancer has only been addressed by 
two publications (25, 26). One of these reported that 
2-week treatment with long-acting insulin analogues, 
including glargine and non-metabolisable glargine, did 
not increase mammary tumour growth vs control in mice 
with extreme insulin resistance grafted with two types 
of mouse mammary tumour cells (25). The other paper 
(26) investigated the effect of glargine in mice with a 
mammary-specific mutation of p53. Unmodified insulin 
or glargine treatment did not affect mammary tumour 
latency time or multiplicity. However, as noted earlier, 
there was a trend (P = 0.07) for glargine to shorten latency 
and glargine-affected intracellular signalling in tumour 
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Figure 5
Changes in plasma levels of glucose and insulin after treatment injection 
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tissue. Unlike our study and the majority of studies in 
animals (32, 33, 34, 35), there was no effect of unmodified 
insulin in either of these papers. This could be explained 
by the short duration of treatment in the Gallagher et al. 
paper (25). In the mouse model of the ter Braak et al. paper, 
loss of p53 function by mutation could have prevented 
the effect of insulin to inhibit apoptosis via PI3K/Akt-
mediated suppression of p53 (26, 37). Importantly, in 
the latter study, carcinosarcoma, which is an uncommon 
mammary tumour in humans, accounted for over 80% of 
tumours, while ductal carcinoma, as in the present study, 
is the predominant mammary tumour in humans. 

The effect on tumour multiplicity found in this study 
suggests that insulin, a growth factor but not a mutagen 
itself, may increase the susceptibility to mutagens perhaps 
because it increases proliferation (proliferating cells are 
more susceptible to mutations) and/or allows mutated 
cells to survive because of decreased apoptosis. This 
assumption remains to be verified. Indeed, further study 
is required to evaluate the effects of insulin and analogues 
on cell proliferation and apoptosis of mammary tumours, 
especially early at the time of initiation and also on 
factors involved in initiation such as p53. A recent study 
has demonstrated that a decreased mammary gland 
tumour latency time caused by chronic IGF-1R activation 
is related to modulation of tumour progression rather 
than increased tumour initiation (38). Unlike some other 
studies (33, 34, 35), we did not find any effect of insulin 
on parameters of tumour growth, such as tumour volume 
or weight. However, our study was a short-term treatment 
not designed to evaluate tumour growth, and we cannot 
exclude that insulin might have promoted the growth of 
small undetectable tumours to become palpable. 

In the present study, we focused on the MAPK/ERK 
and PI3K/Akt signalling cascades because they are the 
major insulin signalling pathways. ERK is a mediator of 
insulin’s mitotic effect. We found that phosphorylation 
of ERK1/2 was not increased by insulins compared with 
control in mammary tumours evaluated 4 h after s.c. 
injection. Akt, which is involved in cell proliferation 
as well as inhibition of apoptosis, was significantly 
phosphorylated by insulin analogues (the non-significant 
effect of NPH may be due to the decrease in plasma levels 
from 1.5 to 4 h after injection). The involvement of Akt 
rather than ERK in the effect of insulin is in accordance 
with results in multiple models of tumours of insulin-
resistant mice with endogenous hyperinsulinaemia (36). 
It is possible that ERK is already maximally activated in 
tumours; however, lack of effect of endogenous insulin 
on ERK was also reported in nontumorous mammary 

gland (36). It is also possible that ERK1/2 was increased 
by insulin at earlier time points than 4 h after injection. 

In the present study, we conducted the kinetic study 
of glargine to obtain a better understanding of glargine’s 
action and metabolism in insulin-resistant rats. In 
humans, glargine exerts a sustained action over 20 h after 
subcutaneous injection. On the other hand, the action 
profile of glargine has been found to be shorter in rodents 
than humans (39). Our data show the peak of glargine’s 
action at 1.5–4 h and a partial recovery of plasma glucose 
reduction at 9 h, indicating that the daily glucose-lowering 
effect of glargine may be less than that of other insulins in 
rats. Plasma levels of glargine’s main metabolite M1, which 
has a similar binding affinity to human insulin, showed 
opposite increases to plasma glucose levels. Also in humans, 
M1 was elevated after subcutaneous injections of glargine, 
while glargine and M2 were very low or undetectable (40). 
These findings indicate that the lack of greater tumour-
promoting effect by glargine than unmodified insulin 
might have been due to rapid glargine metabolism in vivo. 

Glargine shows a greater proliferative effect than 
unmodified insulin in MCF-7 cells, which have abundant 
expression of hormone receptors including IR and IGF-1R 
(20, 21). Furthermore, although glargine was barely 
detected in the human kinetics studies, it has been 
reported that plasma obtained from patients with type 1 
diabetes treated with glargine induced greater proliferation 
of MCF-7 cells than unmodified human insulin or detemir 
(41). This evidence is quite indirect; however, MCF-7 cells 
are used to test tumour growth effects of insulin not only 
in vitro but also in vivo as a xenograft model (35); therefore, 
it is possible that in vivo glargine has a greater cancer-
promoting effect than unmodified insulin only in tumours 
with similar IGF-1R and IR profile to that of MCF-7 cells. 
To obtain insight into this issue and thus justify further 
studies in the xenograft model, we compared IR and 
IGF-1R expression of MNU-induced mammary tumour 
and MCF-7 cells. We found that IGF-1R expression was 
considerably higher in MCF-7 cells than in MNU-induced 
mammary tumour, while IR expression was similar. Thus, 
it is possible that a greater cancer-promoting effect of 
glargine than unmodified insulin is restricted to cancers 
with very high IGF-1R expression as that of MCF-7 cells. 
However, attention needs to be paid in the translation of 
receptor expression of MCF-7 cells, which was assessed in 
vitro, to an in vivo setting. In addition, we did not evaluate 
the activation of IR and IGF-1R or expression of IR subtype. 
Further studies are required to be clarify these issues.

One limitation of the study is that we did not treat a 
group of rats with IGF-1 or AspB10, which could have put 
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into perspective the tumour-promoting effect of insulin. 
Also, ours was not a model of diabetes. However, the insulin 
dose was close to that required to normalise fasting glucose 
in diabetic rats (42). Further studies in streptozotocin-
induced diabetic rats will be required to extend our findings 
in a setting of diabetes and its insulin treatment.

In conclusion, although insulin increased tumour 
multiplicity, we found no greater effect of glargine 
compared with native or detemir insulin in insulin-
resistant rats. Our findings are in accordance with the 
majority of epidemiological studies indicating that, while 
glargine does not increase breast cancer hazard in women 
with prediabetes or type 2 diabetes, all hyperinsulinaemia, 
whether endogenous or exogenous, is a risk factor and of 
great concern in this population.

Supplementary data
This is linked to the online version of the paper at https://doi.org/10.1530/
EC-17-0358.

Declaration of interest
The authors declare that there is no conflict of interest that could be 
perceived as prejudicing the impartiality of the research reported.

Funding
The present study was carried out without any support or gift from industry. 
Y M was funded by Showa University Research Grant for Young Researchers.

Author contribution statement
Y M and E K researched and analysed data and drafted the manuscript. 
R F, L C Q and S W researched and analysed data and contributed to 
revising the manuscript. M T and A M researched and analysed data, 
contributed to interpretation and reviewed and edited the manuscript. I G 
F contributed to data analysis and interpretation and reviewed and edited 
the manuscript. A G designed the study, contributed to the discussion and 
reviewed and finalised the manuscript. All the authors gave final approval 
to the submission of the manuscript. A G is the guarantor of this work and 
is responsible for the integrity of the work as a whole.

Acknowledgements
The authors wish to thank Loretta Lam, Department of Physiology, 
University of Toronto, for technical support and Yuri Crispim de Moraes, 
exchange student from Brazil in Dr Giacca’s laboratory, for help in 
experiments.

References
	 1	Ish-Shalom D, Christoffersen CT, Vorwerk P, Sacerdoti-Sierra N, 

Shymko RM, Naor D & De Meyts P. Mitogenic properties of insulin 
and insulin analogues mediated by the insulin receptor. Diabetologia 
1997 40 S25–S31. (https://doi.org/10.1007/s001250051393)

	 2	Lambe M, Wigertz A, Garmo H, Walldius G, Jungner I & Hammar N. 
Impaired glucose metabolism and diabetes and the risk of breast, 

endometrial, and ovarian cancer. Cancer Causes and Control 2011 22 
1163–1171. (https://doi.org/10.1007/s10552-011-9794-8)

	 3	Michels KB, Solomon CG, Hu FB, Rosner BA, Hankinson SE, 
Colditz GA & Manson JE. Type 2 diabetes and subsequent incidence 
of breast cancer in the Nurses’ Health Study. Diabetes Care 2003 26 
1752–1758. (https://doi.org/10.2337/diacare.26.6.1752)

	 4	Mannucci E, Monami M, Balzi D, Cresci B, Pala L, Melani C, 
Lamanna C, Bracali I, Bigiarini M, Barchielli A, et al. Doses of insulin 
and its analogues and cancer occurrence in insulin-treated type 2 
diabetic patients. Diabetes Care 2010 33 1997–2003. (https://doi.
org/10.2337/dc10-0476)

	 5	Yang X, Ko GT, So WY, Ma RC, Yu LW, Kong AP, Zhao H, Chow CC, 
Tong PC & Chan JC. Associations of hyperglycemia and insulin usage 
with the risk of cancer in type 2 diabetes: the Hong Kong diabetes registry. 
Diabetes 2010 59 1254–1260. (https://doi.org/10.2337/db09-1371)

	 6	Bowker SL, Majumdar SR, Veugelers P & Johnson JA. Increased 
cancer-related mortality for patients with type 2 diabetes who use 
sulfonylureas or insulin. Diabetes Care 2006 29 254–258. (https://doi.
org/10.2337/diacare.29.02.06.dc05-1558)

	 7	Currie CJ, Poole CD & Gale EA. The influence of glucose-lowering 
therapies on cancer risk in type 2 diabetes. Diabetologia 2009 52 
1766–1777. (https://doi.org/10.1007/s00125-009-1440-6)

	 8	Hemkens LG, Grouven U, Bender R, Günster C, Gutschmidt S, 
Selke GW & Sawicki PT. Risk of malignancies in patients with 
diabetes treated with human insulin or insulin analogues: a cohort 
study. Diabetologia 2009 52 1732–1744. (https://doi.org/10.1007/
s00125-009-1418-4)

	 9	Colhoun HM. Use of insulin glargine and cancer incidence in 
Scotland: a study from the Scottish Diabetes Research Network 
Epidemiology Group. Diabetologia 2009 52 1755–1765. (https://doi.
org/10.1007/s00125-009-1453-1)

	 10	Gerstein HC, Bosch J, Dagenais GR, Díaz R, Jung H, Maggioni AP, 
Pogue J, Probstfield J, Ramachandran A, Riddle MC, et al. Basal 
insulin and cardiovascular and other outcomes in dysglycemia. 
New England Journal of Medicine 2012 367 319–328. (https://doi.
org/10.1056/NEJMoa1203858)

	 11	Du X, Zhang R, Xue Y, Li D, Cai J, Zhou S, Huang Z, Yu R & Liu Y. 
Insulin glargine and risk of cancer: a meta-analysis. International 
Journal of Biological Markers 2012 27 e241–e246. (https://doi.
org/10.5301/JBM.2012.9349)

	 12	Grimaldi-Bensouda L, Cameron D, Marty M, Barnett AH, Penault-
Llorca F, Pollak M, Charbonnel B, Riddle M, Mignot L, Boivin JF, et 
al. Risk of breast cancer by individual insulin use: an international 
multicenter study. Diabetes Care 2014 37 134–143. (https://doi.
org/10.2337/dc13-0695)

	 13	Ljung R, Talbäck M, Haglund B, Jonasson JM, Gudbjörnsdòttir S & 
Steineck G. Insulin glargine use and short-term incidence of 
malignancies – a three-year population-based observation. Acta 
Oncologica 2011 50 685–693. (https://doi.org/10.3109/02841
86X.2011.558913)

	 14	Stürmer T, Marquis MA, Zhou H, Meigs JB, Lim S, Blonde L, 
Macdonald E, Wang R, Lavange LM, Pate V, et al. Cancer incidence 
among those initiating insulin therapy with glargine versus human 
NPH insulin. Diabetes Care 2013 36 3517–3525. (https://doi.
org/10.2337/dc13-0263)

	 15	Bordeleau L, Yakubovich N, Dagenais GR, Rosenstock J, Probstfield J, 
Chang Yu P, Ryden LE, Pirags V, Spinas GA, Birkeland KI, et al. The 
association of basal insulin glargine and/or n-3 fatty acids with 
incident cancers in patients with dysglycemia. Diabetes Care 2014 37 
1360–1366. (https://doi.org/10.2337/dc13-1468)

	 16	Ruiter R, Visser LE, van Herk-Sukel MP, Coebergh JW, Haak HR, 
Geelhoed-Duijvestijn PH, Straus SM, Herings RM & Stricker BH. Risk 
of cancer in patients on insulin glargine and other insulin analogues 
in comparison with those on human insulin: results from a large 
population-based follow-up study. Diabetologia 2012 55 51–62. 
(https://doi.org/10.1007/s00125-011-2312-4)

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-17-0358
http://www.endocrineconnections.org	 © 2018 The authors

Published by Bioscientifica Ltd

https://doi.org/10.1530/EC-17-0358
https://doi.org/10.1530/EC-17-0358
https://doi.org/10.1007/s001250051393
https://doi.org/10.1007/s10552-011-9794-8
https://doi.org/10.2337/diacare.26.6.1752
https://doi.org/10.2337/dc10-0476
https://doi.org/10.2337/dc10-0476
https://doi.org/10.2337/db09-1371
https://doi.org/10.2337/diacare.29.02.06.dc05-1558
https://doi.org/10.2337/diacare.29.02.06.dc05-1558
https://doi.org/10.1007/s00125-009-1440-6
https://doi.org/10.1007/s00125-009-1418-4
https://doi.org/10.1007/s00125-009-1418-4
https://doi.org/10.1007/s00125-009-1453-1
https://doi.org/10.1007/s00125-009-1453-1
https://doi.org/10.1056/NEJMoa1203858
https://doi.org/10.1056/NEJMoa1203858
https://doi.org/10.5301/JBM.2012.9349
https://doi.org/10.5301/JBM.2012.9349
https://doi.org/10.2337/dc13-0695
https://doi.org/10.2337/dc13-0695
https://doi.org/10.3109/0284186X.2011.558913
https://doi.org/10.3109/0284186X.2011.558913
https://doi.org/10.2337/dc13-0263
https://doi.org/10.2337/dc13-0263
https://doi.org/10.2337/dc13-1468
https://doi.org/10.1007/s00125-011-2312-4
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-17-0358


Y Mori, E Ko et al. Glargine and breast cancer 7487:5

	 17	Suissa S, Azoulay L, Dell’Aniello S, Evans M, Vora J & Pollak M. 
Long-term effects of insulin glargine on the risk of breast cancer. 
Diabetologia 2011 54 2254–2262. (https://doi.org/10.1007/s00125-
011-2190-9)

	 18	Wu JW, Azoulay L, Majdan A, Boivin JF, Pollak M & Suissa S. Long-
term use of long-acting insulin analogs and breast cancer incidence 
in women with type 2 diabetes. Journal of Clinical Oncology 2017 35 
3647–3653 (https://doi.org/10.1200/JCO.2017.73.4491)

	 19	Pandini G, Vigneri R, Costantino A, Frasca F, Ippolito A, Fujita-
Yamaguchi Y, Siddle K, Goldfine ID & Belfiore A. Insulin and insulin-
like growth factor-I (IGF-I) receptor overexpression in breast cancers 
leads to insulin/IGF-I hybrid receptor overexpression: evidence for a 
second mechanism of IGF-I signaling. Clinical Cancer Research 1999 5 
1935–1944.

	 20	Lundby A, Bolvig P, Hegelund AC, Hansen BF, Worm J, Lützen A, 
Billestrup N, Bonnesen C & Oleksiewicz MB. Surface-expressed 
insulin receptors as well as IGF-I receptors both contribute to the 
mitogenic effects of human insulin and its analogues. Journal of 
Applied Toxicology 2015 35 842–850. (https://doi.org/10.1002/
jat.3082)

	 21	Weinstein D, Simon M, Yehezkel E, Laron Z & Werner H. Insulin 
analogues display IGF-I-like mitogenic and anti-apoptotic activities 
in cultured cancer cells. Diabetes/Metabolism Research and Reviews 
2009 25 41–49. (https://doi.org/10.1002/dmrr.912)

	 22	Sommerfeld MR, Müller G, Tschank G, Seipke G, Habermann P, 
Kurrle R & Tennagels N. In vitro metabolic and mitogenic signaling 
of insulin glargine and its metabolites. PLoS ONE 2010 5 e9540. 
(https://doi.org/10.1371/journal.pone.0009540)

	 23	Hansen BF, Kurtzhals P, Jensen AB, Dejgaard A & Russell-Jones D. 
Insulin X10 revisited: a super-mitogenic insulin analogue. 
Diabetologia 2011 54 2226–2231. (https://doi.org/10.1007/s00125-
011-2203-8)

	 24	Stammberger I & Essermeant L. Insulin glargine: a reevaluation of 
rodent carcinogenicity findings. International Journal of Toxicology 
2012 31 137–142. (https://doi.org/10.1177/1091581811431111)

	 25	Gallagher EJ, Zelenko Z, Tobin-Hess A, Werner U, Tennagels N & 
LeRoith D. Non-metabolisable insulin glargine does not promote 
breast cancer growth in a mouse model of type 2 diabetes. 
Diabetologia 2016 59 2018–2025. (https://doi.org/10.1007/s00125-
016-4000-x)

	 26	ter Braak B, Siezen C, Speksnijder EN, Koedoot E, van Steeg H, 
Salvatori DC, van de Water B & van der Laan JW. Mammary gland 
tumor promotion by chronic administration of IGF1 and the insulin 
analogue AspB10 in the p53R270H/+WAPCre mouse model. Breast 
Cancer Research 2015 17 14. (https://doi.org/10.1186/s13058-015-
0518-y)

	 27	Thordarson G, Lee AV, McCarty M, Van Horn K, Chu O, Chou YC, 
Yang J, Guzman RC, Nandi S& Talamantes F. Growth and 
characterization of N-methyl-N-nitrosourea-induced mammary 
tumors in intact and ovariectomized rats. Carcinogenesis 2001 22 
2039–2047. (https://doi.org/10.1093/carcin/22.12.2039)

	 28	Shivapurkar N, Tang ZC, Frost A & Alabaster O. A rapid dual organ 
rat carcinogenesis bioassay for evaluating the chemoprevention of 
breast and colon cancer. Cancer Letters 1996 100 169–179. (https://
doi.org/10.1016/0304-3835(95)04097-8)

	 29	Lu S, Lee WM & Archer MC. Insulin does not promote rat mammary 
carcinogenesis. Carcinogenesis 1998 19 699–702. (https://doi.
org/10.1093/carcin/19.4.699)

	 30	Russo J & Russo IH. Atlas and histologic classification of 
tumors of the rat mammary gland. Journal of Mammary 
Gland Biology and Neoplasia 2000 5 187–200. (https://doi.
org/10.1023/A:1026443305758)

	 31	Thomas A, Schänzer W & Thevis M. Determination of human insulin 
and its analogues in human blood using liquid chromatography 
coupled to ion mobility mass spectrometry (LC-IM-MS). Drug Testing 
and Analysis 2014 6 1125–1132. (https://doi.org/10.1002/dta.1710)

	 32	Gammeltoft S, Hansen BF, Dideriksen L, Lindholm A, Schäffer L, 
Trüb T, Dayan A & Kurtzhals P. Insulin aspart: a novel rapid-acting 
human insulin analogue. Expert Opinion on Investigational Drugs 1999 
8 1431–1442. (https://doi.org/10.1517/13543784.8.9.1431)

	 33	Cohen ND & Hilf R. Influence of insulin on growth and metabolism 
of 7,12-dimethylbenz(alpha)anthracene-induced mammary tumors. 
Cancer Research 1974 34 3245–3252.

	 34	Heuson JC, Legros N & Heimann R Influence of insulin 
administration on growth of the 7,12-dimethylbenz(a)anthracene-
induced mammary carcinoma in intact, oophorectomized, and 
hypophysectomized rats. Cancer Research 1972 32 233–238.

	 35	Shafie SM & Grantham FH. Role of hormones in the growth and 
regression of human breast cancer cells (MCF-7) transplanted into 
athymic nude mice. Journal of the National Cancer Institute 1981 67 
51–56.

	 36	Novosyadlyy R, Lann DE, Vijayakumar A, Rowzee A, Lazzarino DA, 
Fierz Y, Carboni JM, Gottardis MM, Pennisi PA, Molinolo AA, et al. 
Insulin-mediated acceleration of breast cancer development and 
progression in a nonobese model of type 2 diabetes. Cancer Research 
2010 70 741–751. (https://doi.org/10.1158/0008-5472.CAN-09-2141)

	 37	Gottlieb TM, Leal JF, Seger R, Taya Y & Oren M. Cross-talk between 
Akt, p53 and Mdm2: possible implications for the regulation of 
apoptosis. Oncogene 2002 21 1299–1303. (https://doi.org/10.1038/
sj.onc.1205181)

	 38	ter Braak B, Siezen CL, Lee JS, Rao P, Voorhoeve C, Ruppin E, van 
der Laan JW & van de Water B. Insulin-like growth factor 1 receptor 
activation promotes mammary gland tumor development by 
increasing glycolysis and promoting biomass production. Breast Cancer 
Research 2017 19 14. (https://doi.org/10.1186/s13058-017-0802-0)

	 39	Schaschkow A, Mura C, Dal S, Langlois A, Seyfritz E, Sookhareea C, 
Bietiger W, Peronet C, Jeandidier N, Pinget M, et al. Impact of 
the type of continuous insulin administration on metabolism in 
a diabetic rat model. Journal of Diabetes Research 2016 83 10516. 
(https://doi.org/10.1155/2016/8310516)

	 40	Varewijck AJ, Yki-Järvinen H, Schmidt R, Tennagels N & Janssen JA. 
Concentrations of insulin glargine and its metabolites during long-
term insulin therapy in type 2 diabetic patients and comparison of 
effects of insulin glargine, its metabolites, IGF-I, and human insulin 
on insulin and IGF-I receptor signaling. Diabetes 2013 62 2539–2544. 
(https://doi.org/10.2337/db12-1773)

	 41	Mayer D & Chantelau E. Treatment with insulin glargine (Lantus) 
increases the proliferative potency of the serum of patients with 
type-1 diabetes: a pilot study on MCF-7 breast cancer cells. Archives 
of Physiology and Biochemistry 2010 116 73–78. (https://doi.
org/10.3109/13813451003631439)

	 42	Mason TM, Gupta N, Goh T, El-Bahrani B, Zannis J, van de Werve G & 
Giacca A. Chronic intraperitoneal insulin delivery, as compared with 
subcutaneous delivery, improves hepatic glucose metabolism in 
streptozotocin diabetic rats. Metabolism 2000 49 1411–1416. (https://
doi.org/10.1053/meta.2000.17731)

Received in final form 18 April 2018
Accepted 24 April 2018
Accepted Preprint published online 24 April 2018

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International License.

https://doi.org/10.1530/EC-17-0358
http://www.endocrineconnections.org	 © 2018 The authors

Published by Bioscientifica Ltd

https://doi.org/10.1007/s00125-011-2190-9
https://doi.org/10.1007/s00125-011-2190-9
https://doi.org/10.1200/JCO.2017.73.4491
https://doi.org/10.1002/jat.3082
https://doi.org/10.1002/jat.3082
https://doi.org/10.1002/dmrr.912
https://doi.org/10.1371/journal.pone.0009540
https://doi.org/10.1007/s00125-011-2203-8
https://doi.org/10.1007/s00125-011-2203-8
https://doi.org/10.1177/1091581811431111
https://doi.org/10.1007/s00125-016-4000-x
https://doi.org/10.1007/s00125-016-4000-x
https://doi.org/10.1186/s13058-015-0518-y
https://doi.org/10.1186/s13058-015-0518-y
https://doi.org/10.1093/carcin/22.12.2039
https://doi.org/10.1016/0304-3835(95)04097-8
https://doi.org/10.1016/0304-3835(95)04097-8
https://doi.org/10.1093/carcin/19.4.699
https://doi.org/10.1093/carcin/19.4.699
https://doi.org/10.1023/A:1026443305758
https://doi.org/10.1023/A:1026443305758
https://doi.org/10.1002/dta.1710
https://doi.org/10.1517/13543784.8.9.1431
https://doi.org/10.1158/0008-5472.CAN-09-2141
https://doi.org/10.1038/sj.onc.1205181
https://doi.org/10.1038/sj.onc.1205181
https://doi.org/10.1186/s13058-017-0802-0
https://doi.org/10.1155/2016/8310516
https://doi.org/10.2337/db12-1773
https://doi.org/10.3109/13813451003631439
https://doi.org/10.3109/13813451003631439
https://doi.org/10.1053/meta.2000.17731
https://doi.org/10.1053/meta.2000.17731
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-17-0358

	Abstract
	Introduction
	Materials and methods
	Chemicals
	Animals
	Glucose and insulin measurements
	Histology
	Histology
	Western blots
	Cell culture
	Kinetics study
	Statistics

	Results
	Metabolic parameters
	Blood glucose levels
	Mammary tumour incidence and multiplicity
	Mammary tumour growth
	Histology
	Histology
	IR and IGF-1R expression
	Insulin signalling in tumours
	Plasma concentrations of NPH, glargine and its metabolites and detemir after subcutaneous injection

	Discussion
	Supplementary data
	Declaration of interest
	Funding
	Author contribution statement
	Acknowledgements
	References

