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Abstract 

MCF-7 cells are a slow growing estrogen receptor (ER) positive human breast cancer cell line that 
is commonly used to model estrogen responsive breast cancer cell growth in-vitro and tumour 
growth in-vivo. These tumours require estrogen supplementation, and in-vivo doses of between 
0.72mg and 2mg estradiol pellets are commonly implanted in the dorsal flank of ovariectomised, 
immunocompromised mice. We wanted to grow MCF-7 tumours in immunocompromised mice 
without the need to be ovariectomised. When we treated immunocompromised mice with 
0.72mg pellets to induce MCF7 tumour growth, the mice developed urosepsis. We have now 
shown that lower doses of estradiol pellets, 0.3mg and 0.5mg, induce elevated serum estrogen 
levels and maintain tumour growth, without causing urosepsis. Supplementation for only one week 
did not support sustained MCF7 tumour growth. In conclusion, 0.3mg and 0.5mg silastic pellets can 
be used to stimulate ER+ breast cancer growth in ovary-intact, immune compromised mice. 
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Introduction 
The MCF-7 cell line is a breast cancer cell line 

isolated in 1970 from the pleural effusion of a 
69-year-old Caucasian woman [1]. These cells express 
estrogen receptor (ER) and are one of only a few hu-
man breast cancer cell lines that are estrogen de-
pendent [2, 3]. Estrogen supplementation is required 
to stimulate their growth and 0.72-2mg subcutaneous 
pellets are routinely given, predominantly in ovari-
ectomised mice. We wanted to grow MCF-7 tumours 
in mice without ovariectomy prior to tumour injection 
and estrogen supplementation. Published data indi-
cate that slow release pellets (from Innovative Re-
search America, Sarasota, FL; IRA) at a dose of 0.72mg 
will achieve 300-400pg/ml plasma estradiol levels 
that are comparable to levels in women in the middle 
of their menstrual cycle. The 1.7mg pellets achieve 
700-900 pg/ml that is equivalent to the highest peak 
in pre-menopausal women the day prior to the LH 

peak. Because of this the 0.72mg pellets are commonly 
used to support the growth of MCF-7 cells in nude 
mice [4, 5] and 1.7mg pellets in other studies [6, 7].  

In non-ovariectomised immune comprosmied 
NOD SCID mice, we attempted to grow MCF-7 tu-
mours using supplementation with the lower dose of 
0.72mg 60 day release estradiol pellets from IRA. The 
bladder is vulnerable to the adverse effects of drugs 
because of its complex control and the frequent ex-
cretion of drug metabolites in the urine. Incontinence 
results when bladder pressure exceeds sphincter re-
sistance. We found that slow release 0.72mg estradiol 
pellets led to severe urine retention in the bladder, 
with uni- or bilateral hydronephrosis in the mice. 
These adverse effects have been observed in previous 
studies, but with much larger doses of estrogen 
(1.72mg) [8-10]. Here we show that silastic implants 
generated in our laboratory with low dose estradiol 
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(0.3mg and 0.5mg) can support MCF-7 cell growth 
without the adverse urinary tract effects noted with 
higher doses. Anecdotally, MCF-7 cells are said to 
only need a pulse of estrogen in the first few days of 
growth, and then can be maintained without further 
supplementation. To test this we also included a set of 
mice that were treated for only 7 days. Our results 
reveal that low cost, low dose silastic implants of es-
tradiol can be used effectively in immunocompro-
mised mice to support the growth of MCF-7 tumours 
without adverse urinary effects. 

Materials and Methods 
Animals  

All animal work was completed under Monash 
University Animal Ethics Committee approval or Pe-
ter MacCallum Cancer Centre Animal Ethics Com-
mittee approval. Female NOD SCID and nude mice 
were purchased from ARC and used at 8-10 weeks of 
age. They were housed in microisolator cages pro-
vided with antibiotic water (Enrotril) as per manu-
facturer’s instructions. 

Estrogen pellets 
NOD SCID mice were supplemented with 60day 

0.72mg slow release estradiol pellets purchased from 
Innovative Research of America (IRA), Sarasota, FL. 
For the lower estrogen doses, silastic estrogen pellets 
(0.3mg or 0.5mg) were prepared as de-
scribed previously [11] and implanted into 
NOD SCID or nude mice. All pellets were 
implanted subcutaneously into the dorsal 
flank.  

Estradiol radioimmunoassay (RIA) 
To confirm that the silicone estradiol 

pellets were increasing plasma estradiol 
levels, plasma (50ul) was assayed using 
reagents from the DSL ultra-sensitive 
125I-estradiol RIA kit (DSL-4800, Diagnostics 
Systems Laboratories, Webster, TX). The 
procedure was modified slightly by addi-
tion of 50ul charcoal stripped mouse serum 
to estradiol standards prepared from crys-
talline 17-beta estradiol (Sigma, Saint Louis, 
MO; Cat #E-8875). The lower limit of detec-
tion was 3.9 pg/mL, and the within-assay 
coefficient of variation was 11.4%. All as-
says were completed on plasma samples 
taken at the end of the experiment. 

Tumor inoculation 
MCF-7 cells were grown in DMEM 

+10%FBS, 1% penicillin/streptomycin, 
10ug/ml insulin. Cells in PBS (1x106) were 

injected into the 4th mammary fat pad of immune 
compromised mice in a 1:1 ratio with growth factor 
reduced Matrigel (In Vitro Technologies). Tumor 
growth was monitored over time using electronic 
calipers. The greatest longitudinal diameter (length) 
and the greatest transverse diameter (width) were 
measured. Tumor volumes were estimated by the 
modified ellipsoidal formula: volume = 1/2(length x 
width2) [12]. Mice were culled when the tumors 
reached ethical limits.  

Results  
High dose estrogen supplementation in ovary 
intact mice leads to urinary tract complica-
tions  

Whilst mice supplemented with 0.72mg estradiol 
pellets sustained growth of MCF7 tumors in-vivo 
(Figure 1a), 13/30 mice developed severe urine reten-
tion, hardened bladders and peri-anal ulcers. Palpa-
tion of bladders did not relieve the symptoms and five 
mice deteriorated, lost weight and were culled for 
humane reasons. Upon autopsy, these mice exhibited 
increased kidney size, in some cases pale kidney col-
our, and most distinctly crystallized urine within the 
bladder (Figure 1b).  

 
 

 
Figure 1: High dose estrogen stimulates MCF7 tumour growth but leads to crystalized bladders. 
(A) MCF7 tumour growth over time in NOD SCID mice supplemented with 0.72mg estradiol 
pellets. Data is presented as mean+/- SEM. (B) The crytalised bladders of 3 mice treated with 
0.72mg estradiol pellets and a representative healthy bladder from a mouse with no estrogen 
supplementation.  
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Low dose estrogen supplementation stimu-
lates growth of MCF7 cells without urinary 
tract complications. 

Chronic supplementation with either 0.3mg or 
0.5mg estradiol sustained MCF7 tumour growth in 
nude mice (Figure 2a) and achieved plasma estradiol 
levels similar to those observed in ovariectomised 
mice given 0.72mg pellets. Mice supplemented for one 
week only initially grew tumours (Figure 2a) but this 
growth was not sustained and plasma estradiol levels 
at the end of the experiment were not increased. We 
did not show the BALB/c nude mice tumour growth 
over time in Figure 2a as is was performed in a sepa-
rate experiment and so cannot be directly compared. 
It is included in the results for plasma and organ 
weights for comparison. Tumour weights varied 
within the groups, as shown with the final tumour 
weights (Figure 2b), however as we only used n=4 
mice per group, this was not surprising. The plasma 
estradiol levels were similar in mice without an es-
trogen pellet, or if supplemented for only one week 
(Figure 2c). Plasma estradiol was significantly in-
creased in mice with chronic estrogen supplementa-
tion of 0.3mg and 0.5mg to approximately 500pg/ml. 
Plasma estradiol levels were lower than those meas-
ured in mice bearing 0.72mg pellets, approximately 
1000pg/ml (Figure 2c). Uterine weights were in-
creased in the 0.3mg and 0.5mg groups, but only after 
chronic administration (Figure 2d). Neither the 0.3mg 
or 0.5mg chronic supplementation led to urosepsis, 
symptoms of urinary infections nor other signs of ill 
health. At autopsy all mice appeared healthy with 
estrogenized uteri (Figure 2d) and no visible hydro-
nephrosis (Figure 2e). The histology of the kidney and 
bladder of mice with 0.3mg pellets appears normal, 
compared to those that had urosepsis in the 0.72mg 
group, where there was abundant immune cell infil-
tration indicative of inflammation (Figure 3). 

To determine if MCF7 tumors would also grow 
in NOD SCID mice with low dose estrogen supple-
mentation we next tested the 0.3mg pellets in NOD 
SCID mice bearing MCF7 tumors. Final tumor weight, 
plasma estradiol and uterine weights were not signif-
icantly different to the weights measured in nude 
mice (Figure 4). 

A final experiment using a larger number of 
nude mice (n=10-12 per group) reduced the impact of 
individual variation in tumor size when the mice were 
supplemented with 0.3mg estradiol pellets for the 
entirety of the experiment. There were no signs of 
estrogen toxicity (Figure 5).  

Discussion 
MCF7 cells are an estrogen sensitive human 

breast cancer cell line commonly used to model ER+ 

breast cancer, which accounts for 70% of all breast 
cancer diagnoses [13]. We wanted to develop a model 
of MCF7 tumor growth in ovary-intact mice. We ini-
tially provided intact mice with 0.72mg estradiol pel-
lets to stimulate the growth of the MCF7 cells and 
found that whilst this supported cancer cell growth, 
43% of the mice developed urosepsis. This was first 
evident as urine stained fur around the genital region, 
followed by signs of ill health (reduced movement 
and ruffled fur), with some having distended blad-
ders, leading to early termination of the experiment. 

To reduce cost and to reduce the adverse side 
effects of estrogen supplementation, we decided to 
generate our own silastic estradiol pellets as described 
previously [11]. We made our pellets at two doses 
(0.3mg and 0.5mg), that were both lower than the 
original dose of 0.72mg, which caused the urinary 
complications. As we had heard anecdotally that 
MCF7 cells required estrogen supplementation for 
only a few days to allow tumours to establish, we also 
tested whether estrogen supplementation for only one 
week would permit MCF7 tumor growth. All mice 
were implanted with silastic pellets on the day of 
MCF7 cell injection and tumour growth was moni-
tored over time. We found that the lower doses could 
support the development of MCF7 tumours in mice 
without ovariectomy, and did so without causing 
urinary tracts complications. In plasma estradiol as-
says, we confirmed that both of the low dose regimes 
led to serum estrogen levels that were comparable to 
the 0.72mg dose ovarectomised mice, and lower than 
in intact mice with 0.72mg pellets. To confirm that the 
lower dose of estrogen supplementation could be 
used in NOD SCID mice as well we supplemented a 
set of NOD SCID mice with 0.3mg pellets and ob-
tained similar results with no evidence of urosepsis. 

Our data showing that high dose estrogen sup-
plementation can lead to renal problems and bladder 
stone formation in NOD SCID mice is similar to the 
findings reported previously by Kang and colleagues 
in BALB/c nude mice [14]. They found that if they 
reduced the E2 dose from 1.72mg to 0.18mg they 
could still maintain growth of the MCF7 tumours 
whilst doubling the survival of mice. However there 
are some unique differences, largely due to the fact we 
have used ovary intact mice, and their experiments 
were conducted in ovariectomised mice. We found 
that the use of 0.72mg pellets in intact mice gave 
plasma estradiol levels over 1000pg/ml, which is 
double the level that they reported in ovariectomised 
mice with 1.72mg pellets. Kang and colleagues re-
ported that high dose estrogen led to a high incidence 
of mortality and that lower dose pellets (0.18mg, 
0.36mg and 0.72mg) abrogated this [14]. However, 
even with the use of 0.18mg pellets, they still observed 
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some mortality. In our experiments, no mice were lost 
using the 0.3mg or 0.5mg estrogen pellets and we did 

not observe any detrimental effects of estrogen on the 
renal system. 

 

 
Figure 2: Lower dose estrogen pellets stimulate MCF7 tumour growth in nude mice without urinary symptoms. (A) MCF7 tumour growth over time. (B) End stage tumour 
weights. (C) Serum estradiol. (D) Uterine weights and (E) Kidney weights in mice implanted with MCF7 cells and supplemented with either no estradiol pellet, 0.3mg or 0.5mg 
estradiol pellets for 1 week only or for the entire experiment (n=4 mice/group). Data on BALB/c mice supplemented with 0.72mg pellets is included for comparison. Data are 
presented as mean+/- SEM. Asterix denotes significance p<0.001. 
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Figure 3: Histology of uterus, bladder, kidney and tumours in estrogen supplemented nude mice. The uterus uterus, kidney, bladder and MCF7 tumor of untreated mice 
(A,D,G,J) mice treated with 0.72mg pellets (B,E,H,K) and mice treated with 0.3mg pellets (C,F,I,L). Scale bars represent 100um 

 

 
Figure 4: MCF7 tumours in NOD SCID and nude mice respond similarly to estrogen supplementation. (A) End stage tumour weights. (B) serum estradiol and (C) uterine 
weights in nude mice (purple) and NOD SCID mice (grey) both supplemented with 0.3mg estrogen pellets. 
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Figure 5: Low dose estrogen consistently sustains MCF7 tumour growth. MCF7 
tumour growth over time in nude mice implanted with MCF7 cells in the mammary fat 
pad and supplemented with 0.3mg estradiol pellets (n=11). 

 
Our results have important implications for 

breast cancer researchers using patient derived breast 
cancer xenografts (PDXs). Exogenous estrogen stim-
ulates growth of breast cancer PDXs and is critical for 
engraftment. Estrogen improves the take rates of ER 
positive tumors in immunocompromised mice from 
2.4% (no estrogen) to 25% (with estrogen) [15]. The 
Jackson Laboratory states on their website that the 
NOD SCID gamma (NSG) mice, which are the most 
immunodeficient and favored in PDX models, are 
more resistant to the toxic side effects of estradiol 
supplementation compared to other strains, including 
nude and NOD-SCID. Thus we propose that the use 
of low dose pellets will have important implications 
for these researchers. 

In conclusion we report a low cost, low dose es-
tradiol pellet that can be used to support the growth 
of MCF7 tumor in immune compromised mice over 
periods of 6 weeks, without urinary tract complica-
tions such as bladder stone formation. 
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