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Abstract

The development of new approaches to breast cancer (BC) early diagnosis is an important objective of modern oncology.
Although the role of the immune system in cancer initiation process was experimentally well established, the prognostic
value of cellular blood immunological parameters (CBIPs) for BC onset prediction was not demonstrated either in clinics
or in mouse models. In this study, we focused on revealing informative CBIPs for mammary cancer (MC) onset prediction
in the BLRB/BYRB mouse model with a high incidence of natural MC development. Blood samples were collected from
80 aging females of these original mouse strains, 12 basic CBIPs were estimated by flow cytometry. Then mice were fol-
lowed up for 28 weeks, and the outcome of females (MC diagnosis, death without MC or MC-free survival) was registered.
We estimated the patterns of changes in CBIPs with age and in accordance with the outcome. An increasing imbalance in
11 CBIPs during natural aging of females clearly resembled human immunosenescence phenomenon and several patterns
corresponded to the results obtained on cancer-free members of BC-affected families. We stratified heterogeneous female
population into middle-aged and old subgroups. Low NK-cell levels in middle-aged mice and low B-cell along with high
T-helper levels in old mice distinguished females with developed MC from the other groups. We found a reliable correlation
of several CBIPs with age at MC diagnosis and survival of cancer-bearing females. Thus, we demonstrated the predictive
potential of CBIPs as a basis for the development of prognostic models for BC onset in clinics.
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Abbreviations Introduction

Act. Activated

BC Breast cancer (in humans) Breast cancer (BC) is the most common oncological disease
CBIPs Cellular blood immunological parameters in women. Early diagnosis of BC is essential for selecting
MC Mammary cancer (in mice) an optimal treatment strategy to increase survival and life
SPF Specific-pathogen-free quality of a patient [1]. Currently, mammography is the

most common procedure for mass screening of population

for BC detection. An annual examination is recommended

for women over 40 years of age in many countries [2]. How-

ever, despite the significant contribution of mammography

. . . . . to reducing mortality from BC, this procedure often leads to
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early occurrence of BC with sufficient accuracy (at least for
women with familial BC predisposition).

The search for approaches to predicting the onset of BC
began in the second half of the twentieth century. Collecting
and accumulating the anamnesis vitae of patients with BC,
Mitchell Gail managed to discover risk factors and created a
model for individual prognosis of the BC onset probability.
Gail model takes into account the time of menarche, the
age of first childbirth, family history of BC, and some other
factors [6]. Currently, the Gail model is, in fact, the most
commonly used model for breast cancer onset; it is widely
used in the clinic and regularly improved (discussed in [7]).
Nevertheless, the main weakness of all the modern prognos-
tic models is their failure to predict the age of tumor onset
in a given woman even approximately. In recent decades,
the prognostic value of a number of integral biomarkers at
the organism level had already been detected. In particu-
lar, hematological and biochemical parameters were shown
to predict mammary cancer growth rate [8] and immuno-
therapy outcome in mice [9]. Some of those biomarkers
were proposed for evaluation of cancer risk [10, 11] and the
patient’s outcome in BC clinic [12].

There is growing evidence that the immune system plays
a crucial role in BC development, growth, and response
to the therapy. This is not surprising since complex multi-
component interactions of the incipient tumor with various
compartments of the host immune system underlie cancer
initiation and development [13]. When the prognostic role
of the immune system in BC is discussed, the emphasis is
usually placed on tumor-related factors; little was published
thus far concerning cellular blood immunological param-
eters (CBIPs) in BC patients. For example, several param-
eters were shown to be altered depending on the stage of
the disease and compared to healthy donors [14]. It was
also proposed to use blood immunological characteristics
as informative biomarkers to predict the chemotherapy
outcome [15, 16]. In view of the above, it is reasonable to
assume that some of these parameters could be changed a
long time before clinical manifestation of BC.

It is currently problematic to identify BC initiation in
humans, so we have to use a model system that adequately
describes the basic features of this process. Standard mouse
models of BC (both transplanted and genetically engi-
neered) housed in specific-pathogen-free (SPF) environ-
ment do not reproduce the natural imbalance of the immune
system emerging prior to cancer occurrence in humans
[17-19]. Previously, we showed that non-SPF aging BLRB-
Rb(8.17)1Iem mouse females [8] were characterized by a
high incidence of naturally occurring (spontaneous) mam-
mary cancer (MC); this natural model represented a number
of features of BC development in women with a family his-
tory of breast cancer [8, 20]. The histopathological analysis
of these mouse mammary tumors revealed distinct types of
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MC pathology during the natural progression of the disease
in a mouse female: steps that are similar to progression from
hyperplasia and lactating adenoma to carcinoma in situ and
invasive lobular, ductal, medullary carcinoma, and comedo-
carcinoma in humans. Using the flow cytometry analysis, we
demonstrated a prognostic role of lymphoid infiltrates within
murine mammary carcinoma [8] similarly to that observed
in the BC patients [21]. We believe that natural MC-prone
mouse models (acquiring MC in a natural way during aging
in a natural environment) can mimic the key pathogenetic
mechanisms of BC development in women with a family
predisposition in general terms, especially regarding the
interaction of the immune system and the tumor during the
preclinical step of BC. We hypothesized that several cellular
parameters of the immune system could be changed before
the onset of BC, and these changes might predetermine the
course of the disease. Our aim was to discover whether such
changes occur and to describe the patterns of these changes
in aging precancerous BLRB and BYRB mouse females.

In the current study, we evaluated the changes in the basic
cellular parameters of the immune system in the blood of
aging female mice prior to the natural manifestation of MC
in the spontaneous mouse model of familial breast cancer.
We described the age-related changes in CBIPs resembling
the human immunosenescence phenomenon. In addition, we
discovered several changes in CBIP patterns preceding the
mammary cancer diagnosis in initially middle-aged and old
BLRB and BYRB mouse females; and revealed the prognos-
tic potential of some parameters for predicting the outcome
and survival of tumor-bearing mice.

Materials and methods
Mice

The females of genetically closely related original
mouse inbred strains BLRB-Rb(8.17)1lem and BYRB-
Rb(8.17)1lem (BLRB and BYRB, respectively) [8, 22]
with a high incidence of naturally occurring (spontaneous)
mammary cancer (MC) were bred (more than 80 genera-
tions of brother—sister littermate mating) and maintained in a
thoroughly controlled conventional environment (non-SPF).
Each female aged about 4 weeks was labeled at the time
of registration in inbred strain documentation and was fol-
lowed individually lifelong. Bred BLRB and BYRB females
formed the initial population of intact aging females (n = 80)
aged 27-99 weeks (mean age 55 + 2 weeks).

Flow cytometry

Blood samples in a volume of 200+ 10 pl were individu-
ally taken from the retroorbital sinus of mouse females



Cancer Immunology, Immunotherapy (2019) 68:721-729

723

(n=280) on day 0. Red blood cells were lysed in a solu-
tion of ammonium chloride (150 mM NH,CIl, 10 mM
KHCO3;, 0.1 mM Na,EDTA) for 3 min, then the samples
were washed with PBS by centrifuging, 100 pl of flow
cytometric buffer was added (1% bovine serum albumin,
0.1% sodium azide in PBS), then samples were incubated
for 30 min at 4 °C with the following monoclonal anti-
bodies (Biolegend, CA): CD4 (FITC), CD8 (FITC), CD3
(FITC), F4/80 (FITC), CD25 (PE), NK1.1 (PE), CD19 (PE),
CD11b (PE), CD45 (PerCP). Flow cytometry was performed
using FACScan cytometer (BD Biosciences, CA). Three
gates were used for the analysis: (1) first gate was created
around the population of total blood leukocytes in a CD45
vs. FSC plot; (2) second gate was defined to exclude debris
in an FSC vs. SSC plot; (3) third gate was created around
the major leukocyte population of interest in a CD45 vs.
SSC plot. Backgating was used for each subset to confirm
gating strategies. The level of 12 basic CBIPs was meas-
ured. The percentage of lymphocytes (CD45MhSSC!o%),
monocytes (CD45™SSCI"F4/80*CD11b*), neutro-
phils (CD45'™SSCI"F4/80"¢CD11b*), and eosino-
phils (CD45™SSCMe"CD11b*F4/80%) was estimated
among total blood leukocytes. The level of the follow-
ing lymphocyte subpopulations was referred to the per-
centage of a given cell subset among blood lympho-
cytes: T-lymphocytes (CD45"e"SSC"CD3+*NK1.1"°¢),
T-helpers (CD45MetsSCloYCD4TCD25%¢), cyto-
toxic T-lymphocytes (CD45Mei§SCl*CD8*, CTL),
B-lymphocytes (CD45MersSClo¥CD19+%), NK
cells (CD45MehSSCo¥CD3"eNK1.1%), NKT-cells
(CD45"g"SSCI°YCD3*NK1.17), activated (act.) T-helpers
(CD45MehsSCloVCD4*CD25™). The CD4*/CD8* ratio was
calculated as a ratio of T-helpers to CTL. The analysis of
acquired data was performed with Flowing Software 2.5.1
(Turku Center for Biotechnology, Finland).

Experimental design

Health status and survival of mice were evaluated daily for
28 weeks after blood sample collection. Newly appeared
mammary tumors were visually detected and palpated
weekly, tumor size was measured as described in [20].
Females at the end point (body weight loss more than 15%,
and/or refusal of food) were euthanized by cervical disloca-
tion. After 28 weeks of observation, 80 females were strati-
fied into three groups according to the diagnosis and out-
come: group 1 (n=21)—females with diagnosed MC (MC™)
at the mean age of 71 +2 weeks; group 2 (n=36)—females
died without MC (died MC™), mean age 66 +4 weeks;
group 3 (n=23)—females were alive and did not have MC
by the end of observation period (alive MC™), mean age
81 +3 weeks. Post mortem examination and histopathologi-
cal analysis were performed for each female to confirm or

reject the diagnosis of mammary cancer for females of group
1 and to determine the cause of death for females of group 2.
Brown induration of the lung (numerous hemosiderin con-
taining macrophages) and alveolar edema, which commonly
caused by congestive heart failure, were found in most cases
of premature non-tumor death (data not shown, and will be
presented in full elsewhere).

Statistics

Shapiro—Wilk test was used to test for normality, and Lev-
ene’s test was used to assess the equality of variances. Nor-
mally distributed data with equal variances were compared
using two-sided Student’s ¢ test; non-parametric data were
compared using the Mann—Whitney U test. Either one-way
ANOVA or Kruskal-Wallis ANOVA was used to compare
three independent samples with normally distributed data
or non-parametric data, respectively. Correlations between
parameters were assessed with Spearman’s rank correlation
coefficient (r,). Analysis and artworks were performed with
STATISTICA 12 (StatSoft, OK). Data are presented as the
mean =+ standard error of the mean (SEM). Values of p <0.05
were considered significant.

Results

CBIPs failed to distinguish groups due
to heterogeneity in age

Blood samples were taken from 80 females on day O; then
females were stratified according to their outcome after 28
weeks of observation (MC*, died MC™, alive MC™); their
initial CBIPs were compared.

The division of the whole cohort into three groups
regardless of female age allowed finding the only one
parameter, which enabled to distinguish alive MC™ females
from the others. Precisely, the initial level of lymphocytes
was the highest in alive MC™ females comparing to died
MC™ (63.3+1.3% vs. 57.7+1.8%; p=0.016) and MC™"
females (63.3+1.3% vs. 58.5+2.1%; p=0.043). Thus,
we found no one immunological parameter to distinguish
between the females with developed MC and those, which
died without MC.

Cellular blood immunological parameters
correlated with age of intact females

Further, we assumed that some CBIPs might have been
changed in the different ways during natural aging of mice.
We used the Spearman’s rank correlation coefficient (r,) to
estimate the relationship between the initial CBIP values and
the initial age of the females. We found a correlation of 11
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Table 1 Correlations between levels of cellular blood immunological
parameters (%) and age (weeks) of intact BLRB and BYRB females
using Spearman’s rank correlation coefficient (r,)

Parameter Direction of r, value p value
change with age

White blood cell populations
Lymphocytes Decreased —-0.32 0.003
Neutrophils Increased 0.33 0.002
Monocytes Not changed —0.05 0.65
Eosinophils Decreased —-0.24 0.036

Lymphocyte subpopulations
T-lymphocytes Decreased - 047 0.00001
B-lymphocytes Increased 0.51 0.000001
T-helpers Decreased - 0.81 0.000000
CTL Increased 0.54 0.000000
Act. T-helpers Decreased -0.25 0.024
NK cells Decreased - 0.63 0.000000
NKT-cells Decreased -0.26 0.019
CD4*/CD8* ratio Decreased -0.78 0.000000

out of 12 estimated parameters of various strength with the
age of the females at day O: the levels of lymphocytes, eosin-
ophils, T-lymphocytes, T-helpers, act. T-helpers, NK cells,
NKT-lymphocytes, and CD4*/CD8™ ratio were decreased,
and the levels of neutrophils, CTL, and B-lymphocytes were
increased with age (Table 1). Scatter plots of CBIPs against
age are presented in Supplementary Fig. 1 (a-1).

Therefore, we revealed an increasing immunological
imbalance in the intact BLRB and BYRB females as they
aged and sometimes long before they acquired MC or died
without MC.

Different immunological parameters changed prior
to the mammary cancer diagnosis in mouse females
stratified by age

The discovered immunological imbalance associated with
natural aging of females served as a basis for dividing the
whole female population (n=80) into two subgroups, and
the age of 61 weeks (14 months) was used as a threshold to
distinguish “middle-aged” and “old” subgroups. The age of
61 weeks was considered as a borderline between these two
age periods in line with the rules that determine mouse age
according to the human age [23]. Further, all interrelations
between the initial values of CBIPs and the outcome of mice
were estimated in these two subgroups independently.

In a subgroup of middle-aged mice (n=49), MC was
diagnosed in 11 females (MC%); the mean age at tumor
detection was 65 + 3 weeks. Females died without MC at
the mean age of 47 + 3 weeks (died MC™, n=21). Females
without symptoms of MC were alive at the end of the
experiment at the mean age of 74 +2 weeks (alive MC™,
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n=17). In this subgroup, the initial level of T-helpers
(37.9+1.7% vs. 43.8 £2.0%; p=0.025) and CD4*/CD8"
ratio (1.7 +0.1 vs. 2.1 £0.1; p=0.010) were lower in MC*
than in died MC™ females. In addition, females with diag-
nosed MC were characterized by the lowest initial level
of NK cells compared to died MC™ and alive MC™ mice
(1.9+0.3% vs. 29+0.2% vs. 2.4+ 0.2%; p=0.0007 and
p=0.047, respectively, Fig. 1). Thus, in the middle-aged
female population low initial NK-cell level allowed distin-
guishing MC* females from the other two groups.

In a subgroup of initially old females (n=31), MC was
diagnosed in 10 mice at the mean age of 77 +2 weeks
(MC%); 15 females died without MC at the mean age
of 90 +5 weeks (died MC™); 6 females remained alive
without MC symptoms after 28 weeks of observation at
the mean age of 99 +2 weeks (alive MC™). The level of
T-helpers was higher in the MC* females than in died
MC™ females (31.8+1.9% vs. 22.9+2.6%; p=0.018). At
the same time, the initial level of B-lymphocytes was lower
in MC* females than in alive MC~ females (36.0+1.2%
vs. 44.7+1.7%; p=0.002). Thus, the combination of the
initially elevated level of T-helpers and the lowered level
of B-lymphocytes defined the subgroup of old females
with subsequently diagnosed MC (Fig. 2).

We would like to highlight the fact that without strati-
fication of the initial female population by age, the prog-
nostic value of CBIPs was undetectable.
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Fig.1 The lowest initial level of NK cells was observed in a sub-
group of middle-aged females with diagnosed MC (MC?, triangles)
relative to those dying without MC (died MC™, squares), and females
alive after 28 weeks of observation without MC symptoms (alive
MC™, circles). Mean values are shown as columns, SEM—as whisk-
ers
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Fig. 2 Initial levels of B cells (open columns) and T-helpers (striped
columns) in a subgroup of old mice. Mice with diagnosed MC (MC™,
triangles) were characterized by a combination of reduced B cells rel-
ative to the group of surviving MC™ females (circles) and increased
T-helpers relative to deceased MC™ females (squares). Mean values
are shown as columns, SEM—as whiskers

The initial level of several parameters related to age
at the diagnosis and survival of MC-bearing mice

During the 28 weeks of the observation period, mammary
tumors were detected in 21 females of BLRB and BYRB
mouse strains (n=17/57 and n=4/23, respectively). All
the tumors were identified as mammary adenocarcinomas
by histopathological analysis according to [8] (data not
shown). In this chapter, we examined the relationships
between the initially measured CBIPs and age at the
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Fig. 3 Initial levels of B cells (a) and NK cells (b) in females diag-
nosed with MC at different ages. MC-bearing females with earlier
onset were characterized by a lower initial level of B cells and a

diagnosis and specific survival time (from the MC diag-
nosis to the death of MC-bearing female).

The mean age at MC diagnosis was 71 +2 weeks; and
this value served as a threshold to stratify females depending
on their age of MC onset into subgroups of mice with ear-
lier (n=10), and later (n=11) MC onset. Mice with earlier
MC onset developed MC faster after blood collection than
mice with later onset (p =0.0008, Supplementary Fig. 2).
Females with earlier onset were characterized by lowered
initial B-lymphocyte level (33.8 +1.0% vs. 36.9+1.6%;
p=0.036, Fig. 3a) and elevated NK-cell level (2.4 +0.3%
vs. 1.7+0.2%; p=0.043, Fig. 3b) in the blood comparing
to mice with later onset. We observed a moderate direct cor-
relation between the age of MC onset and B-lymphocytes
(r, = 0.48, p=0.026), and CTL (r, = 0.44, p=0.047), and
a moderate negative correlation between age of MC onset
and T-helpers (r, = — 0.59, p=0.005) and the CD4*/CD8"*
ratio (ry = — 0.50, p=0.021). Scatter plots are presented in
Supplementary Fig. 3 (a-d).

The mean survival time of MC-bearing females was
8.2 weeks; and this value served as a threshold to stratify
females depending on the individual survival time into
short survivors (5.4 +0.4 weeks, n=11) and long survi-
vors (11.3+0.8 weeks, n=10, Fig. 4a). Short survivors
had initially higher T-lymphocyte level (66.4+1.5% vs.
59.4+1.2%; p=0.002, Fig. 5a), T-helper level (37.8 +1.8%
vs. 31.9+ 1.8%; p=0.033, Fig. 5b), and act. T-helper level
(3.0£0.2% vs. 2.4 +0.1%; p=0.010, Fig. 5c); while the
level of B-lymphocytes was lower than in long survivors
(33.0+1.3% vs. 38.1 £1.1%, p=0.008, Fig. 5d). There was
no link between survival time and either the age of MC onset
(Fig. 4b) or tumor growth rate (data not shown). However,
we found a reliable moderate direct correlation between
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higher initial level of NK cells relative to MC-bearing mice with later
onset. Mean values are shown as columns, SEM—as whiskers
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survival time and initial level of B cells (r, = 0.54, p=0.011)
as well as moderate negative correlation between survival
time and level of T-lymphocytes (r, = —0.52, p=0.015),
and act. T-helpers (r, = — 0.45, p=0.040). Scatter plots are
presented in Supplementary Fig. 4 (a-c).

Thus, initially measured CBIPs in intact females turned
out to be informative biomarkers for determining the age of
MC diagnosis and survival time of MC-bearing mice.

Discussion

The mean age of women at BC diagnosis worldwide varies
significantly. In the US population, it was 62 years accord-
ing to SEER statistics [24]. Women from the familial set of
BC (when two or more first- or second-degree relatives are
affected in a family) usually have earlier onset (discussed
in [25]); e.g., the mean age of 49-52 years was reported
for Swedish patients [26]. Mouse females of the BLRB/
BYRB strains are characterized by the high incidence of
naturally occurring MC during aging in the non-SPF envi-
ronment. In the current study, the mean age of MC diagno-
sis in the studied cohort of 80 females of various ages was
about 70 weeks; this value corresponds to 50-55 human
years [23, 27]. Thus, we suggest that the presented natural
mouse model of human BC reproduced the main age-related
intrinsic trait of an organism predisposed to mammary can-
cer. Earlier, distinct histopathological characteristics of the
spontaneous mammary carcinoma and leukocyte tumor
infiltrates in BLRB/BYRB females were shown to resem-
ble those characteristics of human BC [8]. In the current
study, we dealt with another salient attribute contributing
to the predisposition to this disease—immunosenescence,
or aging of the immune system. We and others consider the
phenomenon of immunosenescence as a process character-
ized by the accumulation of multiple disorders in a host that
might serve as a mechanism for an incipient tumor to escape
the immunosurveillance [28]. We found significant multidi-
rectional changes in 11 CBIPs with age in intact MC-prone
mouse females. Immunosenescence was well documented
for humans. For example, Sansoni and co-authors reported
data on the decrease in the number of CD3* T-lymphocytes
and CD4* T-helpers in elderly people (discussed in [29]),
this corresponds to the results we obtained in intact aging
BLRB/BYRB mice. In elderly people (general population
of both sexes), the level of CD56YCD3"*¢ NK-lymphocytes
was increased, and the level of CD8* CTL and CD19%
B-lymphocytes was decreased after 70 years. However, in
aging MC-prone mouse females, we observed the opposite
dependences. Presumably, these differences were due to the
high predisposition of BLRB and BYRB mouse females
to the natural MC development. The antitumor immunity
in mouse females, which may be attributable to CTL and

B-lymphocytes, remained active throughout the latent period
before the onset of MC. Importantly, in accordance with our
data, the decrease of NK-cell level was observed in unaf-
fected members of breast cancer families [30]. Natural NK-
cell reducing before MC onset shows one more similarity
between mouse model used and familial set of BC. Recently,
the total level of B cells was reported to be elevated in BC
patients comparing to healthy donors [31], which also corre-
sponds to our data obtained in precancerous mouse females.
Taken together, this shows the natural BLRB/BYRB model
as a proper tool to study basic immunological disorders pre-
ceding MC clinical manifestation.

Previously, we proposed a personalized 3S-paradigm for
biomedical research [9, 32]. According to 1 of the 3 com-
ponents of our concept, the stratification of recipients into
two subgroups by the parameter that influences the studied
process allows revealing initially undetectable regularities
in more homogeneous subgroups. In the present study, we
found multidirectional changes in CBIPs depending on
the age of the MC-prone mouse females. This served as a
basis for dividing the initial population of mice into “mid-
dle-aged” and “old” subgroups. The observed decrease of
natural killers in middle-aged mice with subsequently diag-
nosed MC could indicate the deterioration of at least one of
the innate antitumor immunity elements in females of the
MC-prone strains of mice. In accordance with our data, the
decrease in the number of NK cells was shown not only in
the peripheral blood of unaffected members of BC fami-
lies [30, 33] but also in BC patients as compared to healthy
donors [34].

In the subgroup of old mice, we revealed that the com-
bination of the initially lowered level of B-lymphocytes
and elevated level of T-helpers preceded MC diagnosis. No
differences in the initial level of NK cells between MC™
and MC™ groups were observed, presumably because of
the natural reduction of NK cells with age in BLRB and
BYRB mouse females. Currently, both experimental and
clinical data demonstrate either pro- or antitumor activity
of B-lymphocytes (discussed in [35]). Our findings sug-
gest that B-cell mediated antitumor immunity prevailed in
older females with a decreased function of the NK-mediated
innate immune response since only females with high initial
B-lymphocyte level (as well as high T-helper level) remained
alive without any sign of MC at the end of the 28-week
observation period.

The lowered initial level of B-lymphocytes and the
elevated level of NK cells in aging BLRB/BYRB mouse
females with diagnosed MC were associated with earlier
onset comparing to later onset. The lower frequency of ear-
lier MC onset in the subgroup of old females with initially
lowered values of NK cells may serve to explain this. Circu-
lating B cells were shown to be a useful marker for calculat-
ing BC risk using flow-variant assays [36]. Prognostic value
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of NK cells for BC risk remains uncertain while a few data
concerning NK-cell cytotoxicity in unaffected members of
BC families are available [33, 37].

The mean survival time for untreated BC patients was 3—4
years, and only 5-10% of patients lived longer than 10 years
[38, 39]. In the used BLRB/BYRB natural (spontaneous)
mouse model for human BC, the mean survival time for MC-
bearing females was 8 weeks (similar values were obtained
earlier [8]) with minimum and maximum survival of 3 and
15 weeks, respectively. 8 weeks of a mouse lifespan cor-
responds to about 6 human years [23, 27]; thus, the mean
survival of untreated mice was a little bit higher, but still
very close to the parameter value in untreated BC patients.
Revealing the factors affecting BC patient’s survival rate
and predicting its longevity in a given patient is imperative
both in personalized BC clinics and in pharmacology. Very
few papers considering the survival of untreated BC patients
are available, while the therapy impact has been regularly
reviewed [40, 41]. In the current study, we found several
regularities between immune status of cancer-prone females
prior to MC diagnosis and lifespan of untreated MC-bearing
mice: elevated initial level of B cells and lowered initial
level of T-helpers and activated T-helpers were observed in
BLRB/BYRB females with long survival. Interestingly, the
total number of tumor-infiltrating B-lymphocytes irrespec-
tive of localization was also associated with a good progno-
sis in BC patients [42]. Moreover, in accordance with our
data on the murine blood, low expression of CD4" T-helpers
in tissue samples obtained from BC patients was related to
better specific overall survival [43]. Finally, although we
have not yet presented a model for an individual prognosis,
CBIP patterns described here for MC-prone females along
with the correlations of some CBIPs with age of MC diagno-
sis and survival time give a basis for developing such models
for the needs of biomedical research and BC clinics.

In conclusion, this study reveals evident imbalance in
cellular immunological parameters of the blood before
MC detection in the BLRB/BYRB natural mouse model of
human BC and distinct subpopulation disproportions influ-
encing the survival of MC-bearing mice. Besides, similar
cellular changes were found in the blood of unaffected BC
family members and BC patients; this shows some general
similarities in immune system parameter changes in precan-
cerous mouse females and BC-prone women and BC human
patients. This implies that similar prognostic markers in can-
cer-prone individuals of both species appear to be feasible.
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