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AND MAMMARY FAT PAD OF TRANSGENIC MAMMARY CANCER
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Background: Leptin is an adipokine encoded by the Ob (obese) gene and predominantly produced by adipocytes. The roles of both
leptin and leptin receptor (ObR) in numerous pathophysiological conditions including mammary tumor (MT) development have been
reported. Aim: To examine protein expression levels of leptin and its receptors (ObR) including the long form, ObRb, in MT tis-
sue and mammary fat pad of a transgenic mammary cancer mouse model. Further, we investigated whether the effects of leptin
on MT development are systemic or local. Materials and Methods: MMTV-TGF-a transgenic female mice were fed ad libitum
from week 10 up to week 74. Protein expression levels of leptin, ObR, and ObRb were measured in the mammary tissue samples
of 74-week old MMTV-TGF-a mice with and without MT (MT-positive/MT-negative) by Western blot analysis. Serum leptin
levels were measured by using the mouse adipokine LINCOplex kit 96-well plate assay. Results: Protein expression levels of ObRb
were significantly lower in MT as compared to control tissue of mammary gland. In addition, protein expression levels of leptin were
significantly higher in the MT tissue of MT-positive mice compared to control tissue of M T-negative mice. However, ObR protein
expression levels in tissues of mice with and without MT were similar. Serum leptin levels at different ages were not significantly
different between the two groups. Conclusion: Leptin and ObRb in the mammary tissue may play a critical role in the mammary

cancer development, while contribution of short ObR isoform may be less important.
Key Words: leptin, leptin receptor, mammary tumor, mammary fat pad, MMTV-TGF-a mice.
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Leptin is an adipokine produced and released
primarily by the adipocytes correlative to the amount
of body fat [1]. A major function of leptin is to adjust
food intake as well as energy expenditure [2]. Leptin
also has important roles in reproduction, immune
system and metabolism [3]. Importantly, leptinis con-
nected with the progression of mammary tumor (MT)
development by activating antiapoptotic and meta-
static pathways [4-7]. In addition to the breast, leptin
and its receptors are produced in many other tissues
such as brain [8], liver [9], lung [10], ovary [11] and
prostate [12].

Leptin response is mediated by leptin recep-
tors (ObRs). ObR has at least six different isoforms,
which have intracellular domains of different lengths.
The long leptin receptor isoform (ObRb) has the great-
est signaling capacity owing to its long intracellular
domain [13]. Binding of leptin to ObRb stimulates
cancer development by triggering a number of sig-
naling pathways, including JAK/STAT3, PISK/AKT,
and MAPK/ERK, participating in proliferation, apop-
tosis, migration, invasion, and angiogenesis [14—16].
Consistently, it has been previously reported that
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leptin and its receptors are overexpressed in breast
cancer [17-20]. It is known that the leptin hormone
uses various mechanisms for this task. Leptin initiates
cell escape mechanisms from apoptosis, stimulates
cell growth, induces matrix degrading enzymes and
angiogenic factors that accelerate cancer progres-
sion [21] through binding to its receptor (ObRb) and
activating cancer related signaling pathways [22].
Also, the overexpression of ObR in cancerous cells
has led to its suggestion as a diagnostic marker for
ovarian and endometrial cancer [23, 24]. However,
the molecular basis for the effects of leptin on cancer
progression remains largely unknown [22].

Based on recent studies, increased leptin expres-
sion in overweight and obese people plays a role
in the development and progression of many types
of cancer. It has been reported that high ObRb expres-
sionisinvolved in induction of metastatic cell migration
and invasion in obese women [25]. The relationship
between leptin and breast cancer risk has been re-
ported to be associated with menopausal status: Pan
et al. [26] showed that leptin level is associated with
breast cancer in the post-menopausal period, but not
inthe pre-menopausal period. Arecent study revealed
that inhibiting leptin expression in breast cancer cells
reduces the tumor volume and the aggressiveness
of breast cancer [27].

Our group previously reported that mice lack-
ing leptin and its receptors do not develop MTs.
In this context, we showed that obese MMTV-TGF-a-
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Lep°PLep®® mice, produced by cross-breeding of a Lep
strain mice with the transgenic MMTV-TGF-a mice,
do not develop oncogene-induced MTs, whereas
their non-obese littermates do [28]. Similarly, when
a Lepr strain mice containing a mutation in its ObR
was mated with the MMTV-TGF-a mice, obese MMTV-
TGF-a-Lepré®Lepr® mice did not develop MTs [29].
These data can be interpreted as MT development
in MMTV-TGF-a mice is not associated with obe-
sity. However, in another study we observed that
in diet-induced obese MMTV-TGF-a mice, MT latency
is shortened [7]. All these studies suggest that leptin
is animportant protein for breast cancer development.

Studies from different groups reported contro-
versial results regarding the link between breast
cancer and serum leptin levels: a positive correlation
between serum leptin levels and the risk of breast
cancer development has been reported in a number
of studies [26, 30], while others suggested either
no correlation or a negative correlation [31, 32].
Notably, there are only a few studies evaluating both
the serum leptin levels and protein expression of leptin
in breast tissue. However, evaluating the serum leptin
levels, expression of leptin and ObRs together in both
healthy breast tissue and breast tumor is necessary
and important to better understand the role of leptin
signaling in breast cancer development.

There are no previous in vivo studies investigating
both serum leptin levels and ObR protein expres-
sion levels in cancer tissues. Besides, a few studies
examining the expression levels of ObRs in healthy
breast tissue have been conducted mostly in humans.
In this study, we investigated the protein levels of both
the short (ObR) and long (ObRb) isoforms of leptin
receptor in mouse mammary fat pad (MFP) tissues,
MT tissue as well as in healthy mammary tissue sur-
rounding tumor tissue as a control to investigate
whether their expression levels differ between MT and
healthy tissue. We also examined the protein expres-
sion levels of leptin and its receptors (short and long
isoforms) in the MFP tissue of 74-week-old MMTV-
TGF-a mice with and without MT development.

MATERIALS AND METHODS

Study design. MMTV-TGF-a transgenic mice,
overexpressing TGF-a (transforming growth factor-a)
in mammary epithelial cells [33] used in the present
study were originally developed in Dr. Coffey’s labo-
ratory [34]. These mice were obtained from a breed-
ing colony maintained at the Hormel Institute using
the breeding protocol and genotyping assay previously
described [35]. Mice were fed AIN-93M diet [36] (Har-
lan Teklad, USA) from 8 until 74 weeks of age. Mice
were caged individually. Food intake was determined
daily, while body weight measurements along with
physical examination for any pathologies, including
the presence of MTs, were performed weekly. Se-
rum samples were collected when possible during
the course of the experiment. Terminal blood samples
were collected from all mice at euthanasia. Suspected

MT/mammary tissues at the back of the neck, where
MTs first develop, along with mammary, parame-
trial and retroperitoneal fat pads, were removed and
weighed. Tissue samples were maintained in for-
malin and sent to the Department of Pathology and
Laboratory Medicine, Mayo Foundation, Rochester,
MN for histopathological analyses in a blinded fashion.
Based on histopathological parameters, all confirmed
MT samples were grade 2 (Fig. 1). Remaining tissues
were stored at —80°C until further analyses. Mice
were divided into two groups (n = 8) according to their
MT status: those with MT (MT-positive) and without
MT (MT-negative). The mice, which had similar tumor
weights, fat pad weights, and body weights were se-
lected in both MT-positive and MT-negative groups
in order to minimize the effects of these parameters.
The mammary tissue of MT-negative mice was used
as control. All procedures involving experimental mice
were conducted under the guidelines and approval
of the University of Minnesota Institutional Animal Care
and Use Committee in an AAALAC accredited facility.

Western blot analysis for leptin and its recep-
tors. MFP and tumor tissues collected from individual
mice were lysed in an extraction buffer containing
protease inhibitors. Total protein was extracted using
T-PER Tissue Total Protein Extraction reagent (Pierce,
USA), according to the manufacturer’s protocol and
quantified by the Bio-Rad protein assay kit, using
bovine serum albumin as the standard (Bio-Rad
Laboratories, USA). Protein extracts were separated
by electrophoresis on 4-15% polyacrylamide gradient
gels (Bio-Rad Laboratories, USA) and transferred onto
a polyvinylidene difluoride membrane (Immobilon-
P, Millipore, USA). Membranes, blocked in 1% milk
concentrate and 0.1% Tween-20 containing Tris-base
solution (Bio-Rad Laboratories, USA) were probed with
anti-ObR (Santa Cruz Biotechnology Inc, USA), anti-
ObRDb (Linco — Millipore, USA), anti-leptin (Santa Cruz
Biotechnology Inc, USA), anti-B-actin (Delta Biolabs,
USA) primary antibodies. Following incubation with
the primary antibody, membranes were incubated with
an appropriate alkaline phosphatase-conjugated sec-
ondary antibody (Santa Cruz Biotechnology Inc, USA).
Blots were stained with Enhanced Chemifluorescence
(Amersham Biosciences, USA) and visualized using
a Storm 840 Machine Imaging System (Amersham
Biosciences, USA). Band intensities were quantified
by densitometric analysis using the UN-SCAN-IT gel
software (Silk Scientific, USA). Data are represented
as the ratio of the intensity of the protein of interest
to the intensity of B-actin from the same sample.
The same B-actin density values were used for the nor-
malization analyses when ObR and ObRb expression
levels in MT and MFP were analyzed since the same
geland membrane were used for both ObR and ObRb
analyses. During Western blot analyses membranes
were cut into three parts for ObRb 120 kDa, ObR
about 90 kDa and B-actin 42 kDa before the incu-
bation of the membranes with primary antibodies.
Each protein was measured in one MT per animal
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Fig. 1. Histopathological images of MTs of different grades/differentiation: a — localization of tumor in mouse mammary tissue;
b — representative histopathological image of lower degree, grade Il MT; ¢ — representative histopathological image of higher
degree, grade lll MT; highly undifferentiated mammary tumor, x100

and samples from 8 different animals were analyzed
by Western blot.

Measurement of serum leptin levels. At each
time point, blood samples were taken 5 h after mice
were given their daily portion of food. Serum samples
were taken at multiple time points in order to inves-
tigate whether the MT development was preceded
by the changes in serum leptin levels. The “n” value
was 8 at week 74, while it was 3-7 at the earlier time
points. This was attributable to obtaining small
or no samples or some values were out of standard
range for the absolute values. Leptin levels were
measured using the mouse adipokine LINCOplex kit
96-well plate assay [6].

Statistical analysis. Data were represented
as a measure of central tendency (mean) * standard
error of mean. Differences between two groups were
analyzed by unpaired Student’s t-test and considered
significant when p < 0.05 (two-tailed). In addition,
Cohen’s d was indicated where statistical significance
was achieved as a measure of effect size. Specifically,
d=0.2is considered as a “small” effect size, 0.5 rep-
resents a “medium” effect size and 0.8 a “large” effect
size. This means that if the difference between two
groups’ means is less than 0.2 standard deviations,
the difference is negligible, even if it is statistically
significant. “n” refers to the number of individual mice
in each group. “n” is 8, unless otherwise indicated

in figure legends. Data presented in this study were
captured in Microsoft Excel (Microsoft Office 2013)
and statistical analysis conducted in GraphPad Prism
software (Graphpad Prism® version 9.0, GraphPad
Software, La Jolla, USA).

RESULTS

Body weights, fat pad weights and MT detec-
tion. The final body weights (BWs) of the mice with
MT were obtained by subtracting the weight of MT from
the total BW. No significant differences in BWs, para-
metrial, MFP, retroperitoneal, as well as total fat pad
weights were detected between MT-positive and
MT-negative mice. No MTs were detected by palpa-
tion before the terminal age of 74 weeks. The average
MT weight was approximately half a gram in MT-
positive mice.

Protein levels of short form of ObR and ObRb
in MT and MFP. We measured protein levels of short
and long leptin receptor isoforms in tissues collected
from MT-positive and MT-negative mice. ObR protein
levels were similar between MT and the control tissue
(p > 0.05) (Fig. 2, a). Similarly, ObR protein levels
in the MFP samples of MT-positive mice were not
statistically different compared to that of MT-negative
mice (p > 0.05) (Fig. 2, b). On the other hand, ObRb
protein levels were significantly lower in MT compared
to the control tissue (p < 0.001) (Fig. 3, a). However,
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Fig. 2. Protein expression levels of ObR in mice with or without MT at 74 weeks of age: a —expression in MT or control tissues; b —
expression in MFP from MT-positive or MT-negative animals. Control tissues were removed from the same location in MT-negative
animals where MT grows in MT-positive animals of the same age. Data are the average density values of eight individual mice in each
group (n = 8). MFP and either MT or control tissues were taken from the same animal for each “n” value

the levels of ObRb protein in MFP of MT-positive
mice were not significantly different from that of MT-
negative mice (p > 0.05) (Fig. 3, b).

Leptin protein levels in MT and MFP. Levels
of leptin protein in MT and MFP samples taken from
MT-positive and MT-negative mice were also examined
and compared. Leptin levels were significantly higher
in MT samples from the MT-positive mice compared
to the leptin levels in the control tissue from the MT-
negative mice (Fig. 4, a) (p < 0.01). However, leptin
levelsin MFP from MT-positive and MT-negative mice
were not significantly different (Fig. 4, b) (p > 0.05).

Serum leptin levels. Serum leptin levels be-
tween MT-positive and MT-negative mice at terminal
age (74 weeks) were not significantly different (Fig.
5). Average serum leptin levels in MT-positive and
MT-negative mice at week 74 were 4.73 £ 0.96 ng/
mland 4.82 = 1.13 ng/ml, respectively (mean * stan-
dard error of mean) (p > 0.05). Serum leptin levels
at earlier time points (10, 13, 19, 25, 31, 37, 43, 49,
and 58 weeks of age) were also similar between MT-
positive and MT-negative mice (p > 0.05). However,
there was an increase in serum leptin levels over
the course of the study both for MT-positive and
MT-negative mice after week 13, although this was
not statistically significant.

DISCUSSION

In this study, we report that 74-week-old MT-posi-
tive mice had significantly higher leptin protein expres-
sion levelsin the MT tissue compared to the control tis-
sue of the MT-negative mice. However, ObRb protein
expression levels decreased dramatically in the MT tis-
sue of MT-positive mice compared to the control tis-
sue. There was no significant difference in ObR expres-
sion between tumor and control tissues in these mice.
Additionally, no significant difference was measured
between MT-positive and MT-negative mice regarding
the expression of leptin, ObRb and ObR protein levels
in MFP tissues. Moreover, serum leptin levels were also
similar in MT-positive and MT-negative mice. These
data are consistent with the previous studies reporting
the involvement of leptin signaling pathway in breast
cancer development.

One of the mechanisms why the expression levels
of ObRb is reduced in MT could be explained by nega-
tive feedback. It is well known that reduction in ligand
receptors (ObRb in the case here) is a common
mechanism for the body to sustain its homeostasis
to prevent the effects of higher levels of a ligand
(leptin in the case here). Literature data including our
own results have reported the proliferative effects
of leptin presented in excessive amounts on breast
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Fig. 3. Protein expression levels of ObRb in mice with or without MT at 74 weeks of age: a — expression in MT or control tissues;
b — expression in MFP tissues from MT-positive or MT-negative animals. Control tissues were removed from the same location
in MT-negative animals where MT grows in MT-positive animals at the same age. The same B-actin density values as in Fig. 2 were
used for the normalization analyses since ObR and ObRb expression levels in MT and MFP were analyzed using the same gel and
membrane for both ObR and ObRb analyses. Data are the average density values of eight individual mice in each group (n =8). MFP
and either MT or control tissues were taken from the same animal for each “n” value. ***Difference between control and MT tissues

is significant (p = 0.0009)

cancer cells [37, 38]. More importantly, studies have
suggested that leptin to adiponectin ratio is more
important for cancer cell proliferation than the lev-
els of either leptin or adiponectin alone [39]. ObRb
is in the center of most of the leptin and its signal-
ing pathways related studies since leptin functions
through activation of ObRb, a transmembrane recep-
tor, extending from extracellular space to intracel-
lular space, while other forms (short form) of leptin
receptors stay short to reach intracellular space [27,
40]. Similar to the findings in the present study, both
protein and mRNA expression levels of ObRb were
lower in MT or MFP tissues of high fat diet fed animals
which had higher MT incidence rate compared to that
of low fat diet fed animals. On the other hand, expres-
sion levels of neither ObR nor ObRb were different
in MT of animals applied to different types of caloric
restriction, while their expression levels were lower
in MFP tissues of animals applied to caloric restric-
tion [41]. Moreover, most studies have reported that
ObR and ObRb expression levels are usually affected
in the same direction [7, 37] although some studies
showed an oppositely directed effect [42]. This pos-
sibly depends on the tissue or cell types.

The relationship of leptin and/or ObRs with breast
cancer has been presented in a number of in vivo
and in vitro studies [7, 37, 38, 43, 44]. Some of these
confirmed the positive correlation between breast

cancer development and leptin expression, while oth-
ers did not find significant differences in this regard.
Previously we reported no differences between leptin
and ODbR protein expression levels in the liver tissue
of MT-negative and MT-positive mice [45]. Although
in this study, serum leptin amount in MT-positive
mice was similar to the control group, in a recently
published meta-analysis by Hao et al. [46] the serum
leptin levels in breast cancer patients were significantly
higher compared to the healthy control group. Similarly
in another study, Liang et al. [47] reported significantly
higher leptin mRNA expression levels in MT tissues
compared to adjacent healthy tissues of breast cancer
patients. Rogozina et al. [42] measured leptin protein
expression in mammary tissue, MT, and MFP in dif-
ferent types of calorie-restricted mice and reported
significantly higher expression in mammary tissue
of calorie-restricted mice compared with ad libitum
group. Also they measured ObR and ObRb mRNA lev-
els in MT but could not find any significant difference
between dietary groups [42].

Our main goal was to observe the differences of se-
rum leptin levels and tissue leptin signaling pathways
in MT-positive and MT-negative mice to better under-
stand the roles of leptin and its signaling molecules
in MT development. In the present study, serum leptin
levelsincreased over the course of the study especially
after week 19 compared to week 10 or 13, although this
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Fig. 4. Protein expression levels of leptin in mice with and without MT at 74 weeks of age: a — expression in MT or control tissues;
b — expression in MFP tissues from MT-positive or MT-negative animals. Control tissues were removed from the same location in MT-
negative animals where MT grows in MT-positive animals at the same age. Data are the average density values of eight individual
mice in each group (n = 8). MFP and either MT or control tissues were taken from the same animal for each “n” value. **Difference
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Fig. 5. Serum leptin levels in mice with and without MT. Serum
samples were collected at different time points, week 10 through
week 74. Serum leptin levels were measured as explained in Ma-
terials and Methods. Although serum leptin level is an average
of seven to eight individual mice for week 74 (n =7-8), itis three
to seven (n = 3-7) for earlier time points

was not statistically significant. This could be because
of the limited number of samples in earlier time points.
In addition, the effects of changes in serum adipokines
including leptin and adiponectin levels with aging
on MT development has already been published in our
previous studies [6].

In the present study, we detected a significantly
positive correlation between MT development and
leptin protein expression levels at the tissue level.
Consistent with our data, previously Ishikawa et al. [17]
showed leptin overexpression in invasive ductal

carcinoma cells in comparison to adjacent normal
epithelial cells in humans by using immunochemis-
try technique. Although, in their study, significantly
higher ObR expression levels in ductal carcinoma
cells compared to normal cells were reported, we did
not detect any significant difference in ObR protein
expression levels between MT tissue and control
mammary tissues of the same animal. There may
be several reasons to explain the differences in results
amongst the studies. Firstly, our results may be due
to the negative feedback effects of high leptin levels
in local tissue since itis possible that high leptin levels
may downregulate its receptor(s) on cell membranes
in order to reduce high level leptin effects. Secondly,
other locally secreted factors like insulin-like growth
factor 1, tumor necrosis factor alpha, interleukin-6,
miRNAs and adiponectin may also reduce ObRb levels
via their paracrine effects since modulation of leptin
signaling by these molecules have been reported
in previous studies [48, 49]. For example, the positive
correlation between interleukin-6 and leptin and also
tumor necrosis factor alpha and leptin was reported
in our previous study [48]. Recently, possible modu-
lation of leptin signaling by miRNAs and methylation
has also been reported [43, 44]. These modulations
may well play roles in the activation of downstream
signaling pathways of leptin such as Stat3 and MAPK,
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Erk1/2 since activation of these small proteins or trans-
cription factors by leptin is well known. In this context,
leptin-induced prostate cancer cell migration is me-
diated by Stat83. In addition, endometrial cancer cell
invasion is modulated by PI3K and Jak/Stat3 signaling
pathway. Thirdly, we utilized western blot to quantify
ODbR and ObRb protein expression levels while other
studies measured these protein expression levels
by immunohistochemistry staining techniques, which
only detects the localization of the receptors, but
do not allow their quantification [17]. Finally, previous
studies were conducted in clinical samples, while in our
current study samples from mice were used. To our
knowledge, no study has reported ObR expression
levels in tumors of mice.

In conclusion, leptin protein expression levels were
significantly higher in MT compared to control mam-
mary tissue of 74-week old mice [18]. On the other
hand, ObRb protein expression levels were signifi-
cantly lower in MT compared to control mammary tis-
sue in MMTV-TGF-a mammary cancer mouse model.
Additionally, ObR protein expression levels in MFP
were not influenced by the presence of MTs. These
results show that two ObR subtypes are differen-
tially regulated in different tissues. Thus, leptin and
ObRb in the mammary tissue may play a critical role
in the breast cancer development; however, the local
expressions of short isoform of ObR may have less
contribution to MT development. Further studies are
needed to better understand the roles of these two
leptin receptor isoforms in the development of breast
cancer.
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EKCMNPECIS1 PELLENTOPIB JIEMTUHY
B MNYXJIMHAX TA MPOLLUAPKY )XUPOBOI
TKAHMHU MOJIOYHOI 3AN1031 HA MOAENI PAKY
MOJIOYHOI 3AJZ103U Y TPAHCTEHHUX MULLENA

E. Inmas', ILb. Tomac?, b.I. Tyna’, M.II. Kaipi®, C. Jlocan"*

IKagedpa meduunoi 6ionoeii meduunoeo gpaxyrvmemy ynisepcumenty
€dumene, Cmamoya, Typewuuna

2Kagedpa meduunoi 6ionoeii ma eenemuxu meoutHo20 (paxyavmeny
yHisepcumemy Maamene, Cmambya, Typeuuuna
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CTtaH nutaHHs: J1enTUH € afunokiHOM, L0 KOAYETLCSH reHOM
Ob Ta NPOAYKYETLCS FONIOBHUM YMHOM aaunoumtTamn. € aaHi,
WO cBigyaTb MpPoO pPofb NenTuHy Ta noro peuentopa (ObR)
3a Pi3HMX NaTodi3ioNoriyHMX CTaHiB, BKJIOYAIOHYM PO3BUTOK
paky MoJsio4HOi 3ano3u (PM3). MeTta: BuaHauntu piBeHb ekc-
npecii NenTuHy Ta NOro peuenTopis, BKAYao4mM O0Bry Gop-
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My ObRb, B TkaHmHi PM3 Ta npoliapky X1UpoBoi TKaHWHW MO-
JI0YHOT 3a5103u1 Ha mogeni PM3 'y TpaHCreHHMX MULLIEI, @ TaKOX
3’scyBaTtu, Yn BIMB NIENTUHY HA PO3BUTOK PM3 € cuctemMHum
4 MicuesuM. Martepiann Ta meTogu: TPaAHCTEHHUX CaMOK
muwen MMTV-TGF-a He oBMexyBanu y xapdyBaHHi 3 10-ro
0o 74-ro TmxHa xuTTd. Ekcnpecito nentuHy, ObR 1a ObRb
Ha piBHi 6inka BU3Ha4YanM MeToA0M BECTEPH-ONOTUHTY Y 3pas-
Kax TKaHWH Ta NyXJIMH MOJIOYHOI 3251031 TPAHCITEHHUX MULLIEN
MMTV-TGF-a 3 nyxsinHamun MosioHHoi 3an03u abo 6e3 Hux. Pi-
BEHb NENTUHY B CUPOBATL, BU3HA4YaNN iMyHODTlyOPECLEHTHUM
MeToaomM 3a gonomoroi Habopy LINCOplex. Pesynbratu:
Ekcnpecis 6inka ObRb 6yna BiporigHO HMX4YO00 B TKaHUHI PM3,
HiX Y HOPMaJbHili TKaHVHI MOJIOYHOIT 3a51031 y MuyLlel 6e3 nyx-
nnH. Ekcnpecis nentuHy B TkaHuHi PM3 Oyna BMLLIOIO 3a Taky
B HOpPMaJIbHiil TKaHWHI MOMOYHOT 3a5103K Yy MuLleln 6e3 nyx-
nnH. OpgHak ekcnpecis ObR B TkaHMHaxX MuLiei 3 nyxaMHamm
i 6e3 NyxnnH He BigpisHsanacs. PiBHI nenTuHy B cupoBaTkax
KPOBI MuLLEer 060X rpyn y BiKOBi AMHaMILi He Bigpi3Hanucs.
BucHogku: JlentuH Ta ObRb (Ha BigMiHy Big, KopoTkoi isodop-
Mu peuenTtopa ObR) B TkKaHVHI MOIOYHOI 3251031 MULLIEN MOXE
BiZlirpaBaTn BaXMBY POJib Yy po3BUTKY PM3.

KnoyoBi cnoBa: nentuH, peuenTtop NenTUHY, pak MOJIOYHOI
3a1031, TpaHcreHHi muwi MMTV-TGF-q, XunpoBa TkaHMHa Mo-
JNI04HOI 3an103W.



