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Abstract 14 

Background: The incidence of endometrial cancer has increased worldwide over the past years. 15 

Common risk factors include obesity and metabolic disturbances, like hyperinsulinemia and insulin 16 

resistance, as well as prolonged and elevated estrogen exposure. Metformin, an anti-hyperglycemic 17 

and insulin-sensitizing biguanide, displayed anti-proliferative effects in recent studies. Therefore, 18 

metformin may act as a therapeutic and prophylactic anti-cancer agent in several tissues, including 19 

endometrium. Methods: Two different endometrial cancer cell lines, reflecting type I (Ishikawa) 20 

and type II endometrial cancer (HEC-1A) were cultured under normoglycemic (5.5mM) or 21 

hyperglycemic (17.0mM) conditions and treated with different concentrations of metformin (0.01–22 

5.0mM). Results: Effects of metformin on proliferation, cell viability, clonogenicity and migration 23 

were investigated after treatment for 7d. Long-term treatment with metformin showed effects on 24 

cellular viability, proliferation and migration of endometrial cancer cells in a concentration-25 

dependent manner in vitro. Additionally, glucose levels affected the outcome of the experiments. 26 

Conclusion: Our in vitro findings support the hypothesis that metformin has a direct effect on 27 

endometrial tissues and reflects the importance of the local glucose environment, suggesting that 28 

metformin may be considered as a potential adjuvant agent in endometrial cancer therapy due to 29 

its direct and indirect effects on endometrial development. 30 

Keywords: metformin, endometrial cancer, proliferation, migration, clonogenicity, cell viability 31 

  32 

1. Introduction 33 

Endometrial cancer (EC) is one of the most common gynecological malignancies, the 6th most 34 

common cancer in women and the 15th most occurring cancer overall. In 2018, over 380,000 new cases 35 

and 90,000 deaths related to EC were reported worldwide [1]. EC is classified into an estrogen-36 

dependent type I, accounting for 75–85% of all cases, and an estrogen-independent, more aggressive 37 

and invasive type II cancer [2,3].  38 

One known risk factor for EC development is unopposed estrogen, as seen e.g. during 39 

perimenopausal years in women [4]. Estrogen stimulates endometrial cell proliferation and inhibits 40 

apoptosis induction in the tissue [5,6]. Additionally, hyperglycemia contributes to the growth and 41 

progression of EC in women with type II diabetes [7]. Therefore, diabetic women not only have a 2-42 

fold higher risk for EC development [8], but also display an increased cancer mortality rate compared 43 

to normoglycemic individuals [9].  44 
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Metformin, an anti-hyperglycemic and insulin-sensitizing agent, commonly used in the 45 

treatment of type II diabetes, has recently been suggested as a therapeutic agent to inhibit cellular 46 

overgrowth and hyperplasia in several tissues, including EC [10,11]. Previous studies indicated that 47 

metformin could be effective as an adjuvant in cancer therapy along with its traditional role in the 48 

treatment of type II diabetes [12-17]. However, most experimental studies analyzed metformin effects 49 

at unphysiologically high concentrations (up to 100mM) during short-term treatment of 24–72h 50 

[18,19]. We therefore believe that those effects described in the literature are related to cytotoxicity 51 

rather than the desired anti-cancer effects of metformin [11]. Considering that the beneficial impact 52 

of metformin in EC remains to be determined, this study investigated the direct effects of low 53 

metformin concentrations (0.01–5.0mM) during long-term treatment (7d) on EC cell growth, viability, 54 

clonogenicity and motility. Furthermore, cells were exposed to metformin in an environment with 55 

normal (5.5mM, equivalent to 100mg/dL) or high (17.0mM, equivalent to 306mg/dL) glucose levels 56 

to mimic a diabetic condition, in order to investigate the metformin effect within different metabolic 57 

conditions. Furthermore, as increased estrogen levels are considered as an additional risk factor, ß-58 

estradiol was added to the cell culture, a factor that was often omitted in prior studies [18,19].  59 

The underlying aim of this study was to investigate the potential direct effects of long-term 60 

exposure of endometrial cancer cells to physiological concentrations of metformin under different 61 

metabolic conditions. 62 

2. Materials and Methods 63 

2.1 Cell Culture 64 

The human endometrial adenocarcinoma cell lines HEC-1A (type II EC, post-menopausal 65 

model; HTB112, ATCC, Manassas, VA, USA) and Ishikawa (type I EC, pre-menopausal model; 66 

99040201, Sigma-Aldrich, Munich, Germany) were used for the in vitro experiments. Ishikawa cells 67 

were grown in Eagle’s minimal essential medium (MEM; Sigma-Aldrich) supplemented with 5.0 % 68 

(v/v) charcoal-tripped fetal bovine serum (FBS; Gibco, Waltham, MA, USA), 1.0% (v/v) 69 

penicillin/streptomycin (Gibco) and 1.0% (v/v) non-essential amino acids (Sigma-Aldrich). HEC-1A 70 

cells were cultured in the same medium, supplemented with 10% (v/v) FBS. All cells were grown in 71 

an incubator at 37°C and 5.0% CO2 in a humidified environment.  72 

During experiments, cells were maintained in a normoglycemic (NG) environment (5.5mM 73 

glucose), representing physiological blood glucose levels of 100mg/dL. For the experiments under 74 

hyperglycemic (HG) conditions, the medium was supplemented with glucose (Sigma-Aldrich) to 75 

achieve a final concentration of 17.0mM glucose, equivalent to 306mg/dL as seen in diabetic patients. 76 

A 100mM stock solution of metformin (Sigma-Aldrich) was freshly prepared on the day of 77 

administration in normo- or hyperglycemic culture medium, respectively, and cells were treated with 78 

different concentrations of the drug (0.01–5.0mM) during experiments. Furthermore, cell culture 79 

media were supplemented with 10nM ß-estradiol (E2; Sigma-Aldrich) during treatments to mimic 80 

high estrogen levels, a common risk factor for EC development, in the experimental setting. 81 

2.2 MTT Cell Viability Assay 82 

To evaluate the effect of metformin on cellular viability, HEC-1A and Ishikawa cells were seeded 83 

into 96-well plates at a density of 5,000 cells/well and incubated in a normal or high glucose, drug-84 

free medium for 24h. Afterwards, cells were treated with different concentrations of metformin (0.01–85 

20mM) for 7d and the medium was changed every 2–3d. Untreated cells served as the reference 86 

control. After treatment, 20L of a 2.5mg/mL MTT solution (3-(4,5-dimethylthiazol-2-yl)-2,5-87 

diphenyltetrazolium bromide; Alfa Aesar, Karlsruhe, Germany) was added per well and incubated 88 

at 37°C for 4h. Afterwards, the MTT-containing media was substituted by 50L DMSO (Carl Roth, 89 

Karlsruhe, Germany) for the extraction of insoluble formazan crystals. The absorbance was measured 90 

at 570nm (OD570) with a microplate reader (Anthos Microsystems, Friesoythe, Germany) and cellular 91 

viability was calculated with the following formula (cells with DMSO served as a blank sample): % 92 

cell viability = (OD570, treatment - OD570, blank) / (OD570, control - OD570, blank) x 100%. SPSS version 24 (IBM, 93 
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Armonk, NY, USA) was used for the establishment of concentration-response curves and the 94 

calculation of IC50 and IC90 values (inhibitory concentrations, where 50% and 90% of the measured 95 

effect, i.e. loss of cellular viability, was observed). All experiments were carried out in triplicates and 96 

were repeated at least three times.  97 

2.3 Cell Proliferation Assay by Crystal Violet Staining 98 

HEC-1A and Ishikawa cells were seeded into 24-well plates at a density of 5,000 cells/well and 99 

incubated in a normal or high glucose, drug-free medium for 24h. Afterwards, cells were treated with 100 

different concentrations of metformin (0.01–5.0mM) for 7d with renewed treatments by regular 101 

medium changes. Untreated cells served as the reference control. The relative cell proliferation was 102 

measured by crystal violet (CV) staining according to an adapted protocol [20]. Briefly, cells were 103 

rinsed twice with phosphate-buffered saline (PBS; Sigma-Aldrich) and stained with 0.5% (w/v) CV 104 

(Carl Roth) for 20 min. After repeated washing with PBS, the CV stain was extracted by incubation 105 

with 33% (v/v) acetic acid for 20 min. From each well, 100L of the extract were transferred into 96-106 

well plates in duplicates and the absorbance was measured at 570nm (OD570) with a microplate reader 107 

(Anthos Microsystems). The absorbance of the untreated control group was considered as 100% and 108 

the effect of different treatments was compared to the control. Each experiment was performed in 109 

duplicates and repeated at least three times in independent experiments. 110 

2.4 Colony Formation by Clonogenic Assay 111 

HEC-1A and Ishikawa cells were seeded into 6-well plates at a density of 5,000 cells/well and 112 

incubated in a normal or high glucose, drug-free medium for 24h. Afterwards, cells were treated with 113 

different concentrations of metformin (0.01–5.0mM) for 7d with regular medium changes. Untreated 114 

cells served as the reference control. Subsequently, cells were stained with 0.5% (w/v) CV, washed 115 

three times with PBS and air-dried before image acquisition. The colony formation was quantified as 116 

% area with the ImageJ software [21] and the ColonyArea plugin [22]. All experiments were repeated 117 

at least three times. 118 

2.5 Cell Migration by Wound Healing Assay 119 

Cell migration was assessed by quantifying the % wound closure in the wound healing assay. 120 

The cells were seeded into 6-well plates at a density of 50,000 cells/well in a normal or high glucose, 121 

drug-free medium for 24h. Afterwards, cells were treated with selected concentrations of metformin 122 

(0.5 or 5.0mM) for 7d with medium changes every 2–3d. On day 7, confluent monolayers were 123 

wounded using a sterile pipette tip and the medium was replaced by fresh medium to remove cellular 124 

debris. Representative images were taken with an inverse light microscope (Leica, Munich, Germany) 125 

at 40× magnification directly and 24h after wounding of the monolayer and the migration area A was 126 

measured using the ImageJ software [21]. The % wound closure was calculated as follows: (At=0h - 127 

At=24h) / At=0h x 100%, where At=0h is the area of the wound measured immediately after scratching and 128 

At=24h is the area of the wound measured 24h after the scratch was performed. Measurements were 129 

taken after 24h in order to limit the observations to migration rather than cellular proliferation [23]. 130 

HEC-1A and Ishikawa cells displayed doubling times of 27–29h during routine culture, and thus the 131 

effect of proliferation in the wound healing assay was minimized. All experiments were repeated at 132 

least three times in duplicates.     133 

2.6 Statistical Analysis 134 

Quantitative data are represented as the mean ± standard error of the mean (SEM) of at least 135 

three independent experiments. SPSS version 24 (IBM, Armonk, NY, USA) was used to perform a 136 

generalized estimating equation test or a paired t-test, as appropriate. A p value ≤ 0.05 was considered 137 

statistically significant. 138 

3. Results 139 
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3.1 Long-term Metformin Treatment Decreased Endometrial Cancer Cell Viability and Proliferation Rate 140 

Firstly, the effects of metformin on cellular viability were analyzed after long-term treatment 141 

with metformin for 7d with the MTT cell viability assay and IC50 and IC90 values were calculated 142 

(Fig. 1A–B). The IC50 values for Ishikawa cells were 5.1 ± 2.7mM (IC90: 44.4mM) under normal glucose 143 

conditions and 3.9 ± 1.2mM (IC90: 33.7mM) in a high glucose environment (Fig. 1B). For HEC-1A cells, 144 

an IC50 value of 0.75 ± 0.25mM (IC90: 6.8mM) was established under normal glucose conditions 145 

(Fig. 1A). No IC50 and IC90 values could be calculated for HEC-1A cells in high glucose medium due 146 

to repeated overgrowth of the substrate surface by the cells. At a concentration of ≤ 0.1mM, cellular 147 

viability for both cell lines was ≥ 80% compared to an untreated control, irrespective of glucose levels 148 

in the media. Cellular viability dropped to ≤ 10% at concentrations higher than 5.0mM for HEC-1A 149 

and higher than 10mM for Ishikawa cells under any tested metabolic condition in a concentration-150 

dependent manner. 151 

Additionally, to evaluate the effects of metformin and the role of glucose on endometrial cancer 152 

proliferation during long-term treatment, the present study examined changes in growth after 153 

treatment with low concentrations of metformin after 7d (Fig. 1C–D). Independent of the glucose 154 

concentration in the medium, the lowest metformin concentrations (0.01 and 0.1mM) did not show 155 

any effect on the growth potential of HEC-1A or Ishikawa cells. Nevertheless, metformin 156 

concentrations of 0.5, 1.0 and 5.0mM led to a significant decrease in proliferation of HEC-1A cells by 157 

32% (p = 0.05), 38% (p = 0.02) and 55% (p < 0.01), respectively (Fig. 1C). In Ishikawa cells, proliferation 158 

rates significantly dropped by 12% (p < 0.01), 25% (p = 0.04) and 55% (p = 0.02) compared to the control 159 

group, when cultured in a normoglycemic environment (Fig. 1D). However, in the presence of high 160 

glucose levels, only the highest metformin concentration (5.0mM) was able to decrease the 161 

proliferation rate of HEC-1A cells (40%; p < 0.01), equal to a 15% (p < 0.01) lower effect compared to 162 

results under normoglycemic conditions (Fig. 1C). Yet, this resistance to metformin was not observed 163 

in Ishikawa cells at high glucose concentrations, where 0.5, 1.0 and 5.0mM metformin decreased the 164 

proliferation rate of cells also significantly by 18% (p < 0.01), 37% (p < 0.01) and 62% (p < 0.01). 165 

Therefore, Ishikawa cells did not show a glucose-dependent resistance in response to metformin 166 

treatment (Fig. 1D). 167 
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 168 

Figure 1: Effects of metformin on proliferation and cellular viability of EC cells as assessed by crystal 169 

violet (CV) and MTT assay. HEC-1A (A, C) and Ishikawa cells (B, D) were treated with 0.01–20mM 170 

(MTT; A, B) or 0.01–5.0mM (CV; C, D) metformin in a normoglycemic (●; 5.5mM glucose) or 171 

hyperglycemic (■; 17.5mM glucose) environment for 7d. Untreated cells served as reference controls 172 

in the assays. Results are presented as mean ± SEM from at least three independent experiments; 173 

* p  0.05, ** p < 0.01. 174 

3.2 Inhibition of Endometrial Cancer Colony Formation by Metformin Treatment 175 

Considering the excellent indication of long-term tumor cell survival of the colony formation 176 

assay in vitro, the effects of metformin on clonogenicity of HEC-1A and Ishikawa cells were assessed 177 

when exposed in an environment with normal or high glucose levels (Fig. 2). Metformin treatment 178 

caused concentration-dependent effects on the colony formation of EC cells and decreased the 179 

number and size of the colonies. In HEC-1A cells, 0.5mM metformin reduced the colony formation 180 

by 44% under normoglycemic (p = 0.02), but only by 29% under hyperglycemic conditions (p = 0.04), 181 

followed by a further reduction with increasing metformin concentrations (Fig. 2A). Treatment at 1.0 182 

and 5.0mM metformin inhibited clonogenicity by 59% (p = 0.01) and 80% (p < 0.01) at 5.5mM glucose 183 

as well as 43% (p = 0.02) and 81% (p < 0.01) at 17.0mM glucose, respectively. In Ishikawa cells, 184 

however, substantial decreases in colony formation under normo- and hyperglycemic conditions 185 

were only observed at 1.0mM (35%, p = 0.2 and 35%, p = 0.01) and 5.0mM metformin (86%, p < 0.01 186 

and 88%, p < 0.01), respectively (Fig. 2B). 187 
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 188 

Figure 2: Effects of metformin on clonogenicity of EC cells as detected in the colony formation assay. 189 

HEC-1A (A) and Ishikawa cells (B) were treated with 0.01–5.0 mM metformin in a normoglycemic 190 

(■; 5.5 mM glucose, NG) or hyperglycemic (■; 17.5 mM glucose, HG) environment for 7d. Untreated 191 

cells served as a reference control in the assay. The colony formation was quantified as % area with 192 

the ImageJ software and the ColonyArea plugin. Data are presented as mean ± SEM from at least three 193 

independent experiments; * p  0.05. 194 

3.3 Metformin Long-term Treatment Reduced Endometrial Cancer Motility 195 

Considering the doubling time of HEC-1A and Ishikawa cells of 27–29h, motility of EC cells after 196 

long-term metformin treatment was evaluated by a wound healing assay after 24h to minimize the 197 

influence of proliferation on the outcome of the assay (Fig. 3). At 24h after scratching, untreated HEC-198 

1A control cells covered the scratch up to 71% and 56% at normal and high glucose levels (Fig. 3A), 199 

respectively, while Ishikawa control cells migrated into the scratch wound by 16 % and 22 % (Fig. 3B). 200 

Metformin treatment at 0.5 mM significantly reduced the migration ability of HEC-1A cells by 18% 201 

(p = 0.03) in a normoglycemic environment. However, in a high glucose environment, the migration 202 

was reduced by only 11 % (p = 0.07). Under these conditions, Ishikawa cells showed a minor reduction 203 

of motility by only 6–7% with 0.5mM metformin at both glucose concentrations, which was below 204 

the result obtained under high glucose conditions (hyperglycemia: p=0.02, normoglycemia: p = 0.46). 205 

The highest effect of metformin was detected at 5.0mM metformin, where the treatment significantly 206 

inhibited the motility of HEC-1A cells by 53% (p < 0.01) and 35% (p = 0.02) at 5.5 and 17.0mM glucose, 207 

respectively. In Ishikawa cells, a drop of the motility rate by 25% (p = 0.02) was observed at high 208 

glucose levels with 5.0mM metformin, resulting in a complete inhibition of cellular motility. The 209 

effect of metformin at 5.0mM on the motility of Ishikawa cells could not be evaluated under 210 

normoglycemic conditions due to fact that cells were not able to build up the required monolayer 211 

over a period of 7d. Nevertheless, this finding highlights the inhibitory effect of high metformin 212 

concentrations on the migration capacity of Ishikawa cells at physiological glucose levels. 213 



Cancer Cell International 2020, 9, x FOR PEER REVIEW 7 of 12 

 

214 

 215 

Figure 3: Effects of metformin on migration of EC cells as observed in the wound healing assay. HEC-216 

1A (A) and Ishikawa cells (B) were treated with 0.5 and 5.0mM metformin in a normoglycemic 217 

(■; 5.5 mM glucose) or hyperglycemic (■; 17.5 mM glucose) environment for 7d. Afterwards, wounds 218 

were created by scratching the cell monolayer and migration area was measured with the help of 219 

ImageJ software after 24h. The migration area A was measured using the ImageJ software and 220 

% wound closure was calculated with the following formula: (At=0h - At=24h) / At=0h x 100%. Untreated 221 

cells served as a reference control in the assay. Results are presented as mean ± SEM from at least 222 

three independent experiments; * p  0.05. 223 
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4. Discussion 224 

Cellular behavior is modulated by its environment, which can generate molecular changes in 225 

non-physiological conditions, disrupting cellular homeostasis. The understanding of cellular 226 

mechanisms involved in EC pathophysiology is crucial for the development of therapeutic strategies 227 

targeting cellular growth, proliferation, survival, and motility pathways. Over the last years, 228 

metformin has been suggested as a promising drug for both cancer prevention and treatment with a 229 

considerably increased number of experimental and epidemiologic studies [10-14]. However, despite 230 

the fact that an overall 27% reduction of the risk for developing any type of cancer in metformin-231 

treated patients with type II diabetes has been observed in a meta-analysis of 18 observational studies 232 

[24], the drug so far has not been established as an anti-cancer drug, most likely due to 233 

methodological weaknesses and insufficient data of currently available studies.  234 

We would like to point out, that the anti-proliferative, pro-apoptotic and motility-suppressing 235 

effects of metformin on EC, described in the literature, were analyzed using a short-term exposure of 236 

metformin (24–72h) at supra-pharmacological concentrations (up to 100mM). Moreover, many of 237 

these studies were performed in the absence of ß-estradiol, a known risk factor in endometrial 238 

proliferative disorders [18,19,25]. Our group previously reported that a low concentration of 0.1mM 239 

metformin was not able to decrease the proliferation potential of the Ishikawa EC cell line after short-240 

term treatment of 72h in vitro, while concentrations of 1.0–5.0mM metformin affected the proliferation 241 

rate [26]. However, metformin at a concentration of 0.1mM was able to inhibit the migration ability 242 

of EC cells in a normoglycemic environment during short-term treatment and also reduced the 243 

metastatic effect of insulin under hyperglycemic conditions. Also, metformin showed a greater effect 244 

on EC cells in the presence of physiological glucose levels [26]. These results encouraged us to 245 

examine the direct anti-tumor effects of low, therapeutically relevant concentrations of metformin on 246 

two different types of EC cells in a long-term setting of 7d under the addition of ß-estradiol, as a 247 

common risk factor for the development of EC, which, to the best of our knowledge, has never been 248 

done before in vitro.  249 

The present study used different glucose concentrations to mimic the physiological setting 250 

associated with EC development and showed that long-term treatment with 0.01 and 0.1mM 251 

metformin did not have any effects on EC proliferation, growth and motility in vitro, independent of 252 

glucose levels in the culture medium. In a study of Mitsuhashi et al. [25], metformin levels in plasma 253 

and EC tissues of patients were monitored after administration of 2,250mg/d metformin for 4–8 254 

weeks. Plasma concentrations of 0.01mM and endometrial tissue levels of 2.0M metformin were 255 

reported, which amounts to 20% of the plasma concentration.  256 

The effects of unphysiologically high concentrations of metformin (0.5–5.0mM) – still considered 257 

as low concentrations for in vitro experiments – were also evaluated in the present study. Results of 258 

the MTT cell viability assay revealed that metformin concentrations of ≥ 1.0mM led to a decreased 259 

cellular viability of both EC cell lines. Thus, it cannot be excluded that changes in proliferation rates 260 

are at least to some extent related to a loss of cellular viability. Furthermore, the results of the present 261 

study have shown that HEC-1A and Ishikawa cells react differently to metformin, as i.e. resistance to 262 

metformin was only observed in HEC-1A cells at high glucose levels. In addition, HEC-1A cells in 263 

particular showed a high proliferation rate and cellular viability at high glucose levels (Fig. 1), which 264 

may explains their more aggressive behavior, especially in a high glucose environment. According 265 

to our results, the two cell lines behave very differently to metformin within the distinct metabolic 266 

conditions. It is important to take into consideration that the HEC-1A and Ishikawa cell lines differ 267 

in their gene expression profile, such as the gene encoding for estrogen receptors (ERs) and metabolic 268 

enzymes and therefore represent different in vitro models. Ishikawa cells represent a model for 269 

estrogen-dependent, pre-menopausal EC expressing various ERs to different extents, whereas HEC-270 

1A cells represent a model for post-menopausal EC with lower sensitivity to E2, and are lacking 271 

estrogen receptor 1 (ESR1) expression [27]. Therefore, resistance to metformin effects exhibited by 272 

cells cultured in an environment with 17.0mM glucose was potentially driven by differences in ER 273 

expression.  274 
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Mitsuhashi and colleagues compared metformin concentrations in vivo with in vitro results and 275 

the analysis revealed that the concentration of metformin required for growth suppression in vivo 276 

was 400-fold lower than the respective concentration that inhibited cellular growth in vitro (1.0mM 277 

for Ishikawa and HEC-1B cells after 72h) [25]. This effect may be attributed to the fact that metformin 278 

has an additional peripheral effect on the reduction of the hyperglycemia due to its known benefit on 279 

insulin-sensitizing of the tissues, leading to normalization of glucose levels [10,25]. This hypothesis 280 

was supported by our results, as the estrogen-independent HEC-1A cells were resistant to the direct 281 

inhibiting effect of metformin on proliferation at very high metformin concentrations of 5.0mM only 282 

in the hyperglycemic environment, while an anti-proliferative effect was already detected at 0.5mM 283 

in a more physiological glucose environment (Fig. 1). Additionally, HEC-1A cells overgrew the 284 

substrate surface in the high glucose environment, making it impossible to evaluate cellular viability 285 

in the MTT assay after 7d. Similar effects on HEC-1A cells were observed in the colony formation 286 

assay as well as the migration analysis, where the direct metformin effects were substantially lower 287 

in a hyperglycemic microenvironment (Fig. 2 and 3). As this effect was not noted in Ishikawa cells, 288 

the more aggressive type II HEC-1A cell line may be fueled more in growth and tumorigenesis by 289 

elevated glucose levels. However, further experiments are necessary to confirm these findings and to 290 

define the molecular effects involved. 291 

Moreover, hyperglycemia is associated with obesity and insulin resistance, leading to 292 

hyperinsulinemia that stimulated cellular growth and hyperplasia in different tissues [28-30]. 293 

Tumorigenesis of obesity-associated EC was linked to enhanced cellular glucose uptake and 294 

increased metabolism [31], but can also be related to increased proliferation in vitro, as seen in the 295 

present study between untreated control cells. Consequently, agents like metformin, that decrease 296 

glucose and insulin levels, might be a strategy to prevent EC development and progression, while it 297 

shows less effect in type I EC according to our in vitro results. Accumulating evidence from in vitro 298 

and in vivo studies suggests that metformin acts as an anti-tumor agent directly and indirectly [10], 299 

which was also supported by our findings regarding to the direct effects. Prior studies indicated 300 

several indirect effects by metformin, including the systemic reduction of blood glucose and insulin 301 

levels, whereas the activation of 5´adenosine monophosphate-activated protein kinase (AMPK) 302 

served as an example for direct effects on cancer cells [6,10,18,26,32,33]. However, multiple other 303 

direct mechanisms have been demonstrated, e.g. an upregulation of markers for cell cycle arrest, 304 

apoptosis, and autophagy, the inhibition of cell migration and proliferation, as well as a 305 

downregulation of markers associated with cellular senescence [18,26,32,33]. 306 

Although studies evaluating the relationship between metformin and EC incidence revealed 307 

conflicting results [34,35], the findings of the present in vitro study supported the hypothesis that 308 

metformin not only displays indirect effects on cancer metabolism via changes of the metabolic 309 

environment, but also direct effects on endometrial cells that may prevent hyperplasia and EC 310 

development. This accounted particularly for the very aggressive type II cancer, as type II HEC-1A 311 

cells proliferated more under hyperglycemic conditions and cells were less sensitive to the direct 312 

metformin effects at elevated glucose levels. On the other hand, Ishikawa cells, that reflect the more 313 

common and less aggressive type I EC, only showed minor differences regarding the direct 314 

metformin effects under normo- and hyperglycemic conditions, suggesting that these effects were 315 

independent of the glucose state. 316 

 317 

5. Conclusions 318 

In conclusion, the present study highlighted the importance of the metabolic environment in EC 319 

development and progression, and potential actions of metformin as a therapeutic agent in the 320 

treatment for EC subtypes. Furthermore, it was shown that metformin acts on endometrial tissue via 321 

direct effects, in addition to its well-known indirect effects, i.e. lowering serum glucose levels. These 322 

findings suggest that the drug might be a potential adjuvant agent in EC therapy. However, further 323 

studies are required to elucidate the role of metformin in EC prevention and treatment in more detail.  324 
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Abbreviations 325 

AMPK   5´adenosine monophosphate-activated protein kinase  326 

CV    crystal violet 327 

E2    ß-estradiol 328 

EC    endometrial cancer 329 

ER    estrogen receptor  330 

ESR1   estrogen receptor 1  331 

FBS   fetal bovine serum 332 

HEC-1A  human endometrial cancer cell line 1A 333 

IC50/IC90   inhibitory concentrations at 50 /90% of the measured effect 334 

MEM   Eagle’s minimal essential medium 335 

MTT   3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide  336 

NG/HG   normo-/hyperglycemic 337 

PBS   phosphate-buffered saline 338 
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Figures

Figure 1

Effects of metformin on proliferation and cellular viability of EC cells as assessed by crystal violet (CV)
and MTT assay. HEC-1A (A, C) and Ishikawa cells (B, D) were treated with 0.01–20mM (MTT; A, B) or
0.01–5.0mM (CV; C, D) metformin in a normoglycemic (; 5.5mM glucose) or hyperglycemic (; 17.5mM
glucose) environment for 7d. Untreated cells served as reference controls in the assays. Results are
presented as mean ± SEM from at least three independent experiments; * p <= 0.05, ** p < 0.01.



Figure 2

Effects of metformin on clonogenicity of EC cells as detected in the colony formation assay. HEC-1A (A)
and Ishikawa cells (B) were treated with 0.01–5.0 mM metformin in a normoglycemic (; 5.5 mM glucose,
NG) or hyperglycemic (; 17.5 mM glucose, HG) environment for 7d. Untreated cells served as a reference
control in the assay. The colony formation was quanti�ed as % area with the ImageJ software and the
Colony Area plugin. Data are presented as mean ± SEM from at least three independent experiments; * p
<=0.05.



Figure 3

Effects of metformin on migration of EC cells as observed in the wound healing assay. HEC- 1A (A) and
Ishikawa cells (B) were treated with 0.5 and 5.0mM metformin in a normoglycemic (; 5.5 mM glucose) or
hyperglycemic (; 17.5 mM glucose) environment for 7d. Afterwards, wounds were created by scratching
the cell monolayer and migration area was measured with the help of ImageJ software after 24h. The
migration area A was measured using the ImageJ software and % wound closure was calculated with the
following formula: (At=0h - At=24h) / At=0h x 100%. Untreated cells served as a reference control in the
assay. Results are presented as mean ± SEM from at least three independent experiments; * p <= 0.05.


