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Abstract. It was originally thought that no single routine blood 
test result would be able to indicate whether or not a patient had 
cancer; however, several novel studies have indicated that the 
median survival and prognosis of cancer patients were mark-
edly associated with the systemic circulation features of cancer 
patients. In addition, certain parameters, such as white blood 
cell (WBC) count, were largely altered in malignant tumors. 
In the present study, routine blood tests were performed in 
order to observe the change of blood cells in tumor‑bearing 
mice following the implantation of 4T1 breast cancer cells into 
the mammary fat pad; in addition, blood flow in breast tumor 
sites was measured indirectly using laser Doppler perfusion 
imaging (LDPI), in an attempt to explain the relevance between 
the blood circulation features and the growth or metastasis of 

breast cancer in mice model. The LDPI and blood test results 
indicated that the implantation of 4T1 breast cancer cells into 
BALB/c mice led to thrombosis as well as high WBC count, 
high platelet count, high plateletcrit and low blood perfusion. 
Following implantation of the 4T1 cells for four weeks, the 
lung metastatic number was determined and the Pearson 
correlation coefficient revealed that the number of visceral 
lung metastatic sites had a marked negative association with 
the ratio of basophils (BASO%; r=‑0.512; P<0.01) and the 
mean corpuscular hemoglobin was significantly correlated 
with primary tumor weight (r=0.425; P<0.05). In conclusion, 
the results of the present study demonstrated that tumor 
growth led to thrombosis and acute anemia in mice; in addi-
tion, when blood BASO% was low, an increased number of 
lung metastases were observed in tumor‑bearing mice.

Introduction

Over the past several decades, developments in clinical and 
surgical treatments for cancer patients has led to increased 
overall survival rates  (1). However, the growth of primary 
tumors and subsequent cancer metastases continue to cause 
mortality and prevent effective treatment (2). Vascular dissem-
ination is a major mechanism by which breast cancer cells 
migrate into the systemic circulation, leading to distant metas-
tasis and mortality (3). Clinical observations have indicated 
a potential association between the bloodstream and cancer 
metastasis (4-5). However, few studies have investigated the 
systemic circulation characterization in mouse breast cancer 
metastasis models, which therefore limits the development of 
experimental oncology research.

Cancer patients have frequently been reported to present 
with symptoms of thrombosis, which are more severe if the 
disease has progressed to a metastatic stage (6,7). In order for 
metastases to form, cancer cells must be able to survive in the 
harsh circulatory environment and extravasate into distant 
sites. Thrombosis may improve the anchoring of ‘seed’ (tumor 
cells that have escaped surgical removal or that may have 
already disseminated) to ‘soil’ (target organ) (8). Therefore, 
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the elucidation of tissue perfusion of cancer organs or tissues 
is essential for predicting cancer growth and metastasis in 
tumor‑bearing animals or in human cancer patients; in addi-
tion, there may be great clinical significance in planning 
treatment schedules in patients with vein tumor thrombosis or 
microcirculatory disorders. Laser Doppler perfusion imaging 
(LDPI) is a non‑contact real‑time laser imaging technique, 
which is used to measure tissue perfusion and is characterized 
as a non‑invasive and non‑ionizing technique. LDPI provides 
a highly sensitive, simple and inexpensive tool for blood 
perfusion detection of surface cancer tissue (9). The present 
study was performed in order to investigate the thrombosis of 
tumor‑bearing mice using LDPI in combination with blood 
cell analysis.

Platelets are essential mediators of the process of pathologic 
thrombosis (10). Previous experimental evidence has demon-
strated that platelets support tumor metastasis (11). Platelet 
activation and the coagulation system have been demonstrated 
to have a critical role in cancer progression (12). The role of 
platelets in the circulatory system is to protect tumor cells from 
immune elimination and promote their arrest at the endothe-
lium, which promotes the formation of secondary lesions. This 
demonstrates that platelets contribute to tumor cell survival 
and metastasis, which therefore indicates that platelets may 
provide a novel therapeutic avenue for anti‑metastatic cancer 
treatment (13).

High white blood cell (WBC) count has been reported 
to be more frequent in cancer patients with metastasis (14). 
WBCs are produced by bone marrow and a high WBC count 
is indicative of inflammation, trauma, allergies, leukemia or 
infections; however, this may also occur due to intense exer-
cise (15). There are five types of WBCs, including neutrophils, 
lymphocytes, monocytes, eosinophils and basophils, which 
each serve a different function in the body. Therefore, the 
elevated count of a specific type of WBC may be suggestive 
of a specific disease. For instance, high monocyte levels are 
indicative of bacterial infections (16), while high neutrophil 
levels are associated with poor prognosis in malignant meso-
thelioma (17).

A previous study indicated a significant change in the 
systemic circulation characterization of a 4T1 mouse breast 
cancer metastasis model  (9). Therefore, the present study 
aimed to evaluate the correlation among the number of 
visceral lung metastatic sites, primary tumor weight and 
the distribution of circulating blood cells in vivo in order to 
demonstrate the influence of cancer growth and metastasis 
on blood cell composition and perfusion in a mouse breast 
cancer model.

Materials and methods

Cell culture and animals. 4T1‑Luc mouse breast cancer cells 
were provided by Professor Tong‑Chuan He (University 
of Chicago Medical Center, Chicago, IL, USA) (9) and the 
wild-type 4T1 cell line was purchased from the American 
Type Culture Collection (Manassas, VA, USA), the cells were 
grown in Dulbecco's modified Eagle's medium (Invitrogen 
Life Technologies, Carlsbad, CA, USA) supplemented with 
10% fetal bovine serum (Hyclone Laboratories, Inc., Logan, 
UT, USA) and 50  Units penicillin/streptomycin (Genom 

Bio-pharmaceutical Tech, Hangzhou, China). All cells were 
cultured at 37˚C in a 5% CO2 incubator. 0.25% trypsin and 
0.02% EDTA were purchased from Genom Bio‑pharmaceu-
tical Tech. Co., Ltd. (Hangzhou, China).

Female BALB/c mice (4‑5 weeks old) were purchased from 
Shanghai Laboratory Animal Research Center  (Shanghai, 
China) and maintained at the animal facility of the Experi-
mental Animal Research Center of Zhejiang Chinese Medical 
University (Hangzhou, China). All procedures were performed 
according to the Guidelines for the Use and Care of Labora-
tory Animals published by the Zhejiang province (2009) (18). 
The study was approved by the ethics committee of Zhejiang 
Chinese Medical University (Hangzhou, China).

4T1 tumor‑bearing mice model. Female BALB/c mice 
(4 weeks old, n=30; weight, 18‑20 g; n=5 mice/group) were 
maintained in a pathogen‑free environment with access to 
food and water ad libitum. Subconfluent 4T1‑Luc cells were 
harvested, resuspended in phosphate‑buffered saline (PBS) 
(Sigma-Aldrich, St .Louis, MO, USA) and analyzed using a 
0.4% trypan blue exclusion assay (Beijing Solarbio Science 
& Technology Co., Ltd., Shanghai, China; viable cells, 
>95%). For the breast cancer cell injection, ~5x105 4T1‑Luc 
cells in 100 µl PBS were injected into the mammary fat pad 
(MFP) of each mouse using 27‑gauge needles (Zhejiang 
Yusheng Medical Instrument Co.,Ltd., Jiaxing, China) (9). 
Doxorubicin hydrochloride (Dox; 10  mg) was purchased 
from Pfizer (New York, NY, USA) and dissolved in 1 ml 
sterilized saline (Puaisi Medical Co., Ltd., Taizhou, China), 
then stored at ‑20˚C. At  48  h following tumor cell injec-
tion, Dox (1 mg/kg/2 days) was orally administered to mice 
in the Dox group. The dimensions of the primary tumor 
sites were measured every 3‑4 days using vernier calipers. 
Tumor volume was calculated using the following equation: 
Volume = [length (L) + width (W)] x L x W x 0.2618 (19). 
At the endpoint (4 weeks post treatment), mice were sacrificed 
by carbon dioxide asphyxiation, followed by cervical disloca-
tion. Primary tumors were retrieved and weighed, and lung 
metastases were counted.

Blood samples and routine blood tests. For laboratory 
measurements, 100  µl mouse whole blood was collected 
into tubes containing EDTA (Genom Bio-pharmaceutical 
Tech, Hangzhou, China), an in vitro anticoagulant, prior to 
sacrifice. Routine blood tests were immediately performed 
using a Sysmex XT‑2000i automated hematology analyzer 
(Sysmex Corp., Hyogo, Japan) for the following param-
eters: WBCs, red blood cells (RBCs), hemoglobin (HGB), 
hematocrit (HCT), mean corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), red blood cell distribution 
width by standard deviation (RDW‑SD), red blood cell distri-
bution width by coefficient of variation (RDW‑CV), mean 
platelet volume (MPV), platelets (PLT), plateletcrit (PCT), 
ratio of eosinophils  [(number of eosinophils / number of 
white blood cell)×100%, (EO%)], ratio of basophils [(number 
of basophils / number of white blood cell)×100% (BASO%)], 
number of eosinophils (EO#), number of basophils (BASO#), 
platelet distribution width  (PDW) and platelet‑large cell 
ratio (P‑LCR).
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Xenogen bioluminescence imaging. Whole‑body optical 
imaging of the mice was performed as previously 
described (20). Briefly, mice were anesthetized with isoflu-
rane (2%, 1.5 l/min) via a nose‑cone mask within a Xenogen 
IVIS 200 imaging system (Caliper Life Sciences, Hopkinton, 
MA, USA). This in  vivo imaging was performed weekly 
following MFP injection for 4 weeks prior to sacrifice in 
treated and untreated mice.

For imaging, mice were administered an intraperitoneal 
injection of 100  mg/kg body weight D‑luciferin sodium 
salt (Gold Biotechnology,  Inc., St.  Louis, MO, USA) in 
0.1 ml sterile PBS. Images were acquired through super-
imposing the emitted light over the grayscale photographs 
of the mice. Xenogen's Living Image V2.50.1 software 
(Caliper Life Sciences) was used for quantitative analysis, as 
described previously (21). Tumor, lung and vascular samples 
were retrieved for histological examination.

High‑resolution LDPI. Micro‑vascular blood flow was 
evaluated using a laser Doppler FLPI-CH with moorFLPI 
V2.1 software (Moor Instruments, Axminster, UK)  (9). 
Hair was carefully removed from certain areas of the mice 
to allow for efficient scanning; mice were then anesthetized 
with isoflurane (2%, 1.5  l/min) via a nose‑cone mask. The 
distance between the scanner and the skin surface was 10 cm. 
Three examined areas (1.4 cm2) were selected in order to 
evaluate blood flow in the tumor (Flux 1), adjacent healthy 

skin (Flux 2) and heart of the mice (Flux 3). Erythrocytes 
reflect the laser beam, which enables the recording of the 
returning signal using a detector positioned in the scanner 
head. The returning signal is converted to an electrical signal, 
which is proportional to tissue perfusion (22). The underlying 
perfusion intensity values are expressed according to the 
diVerent color scale (23), extending from blue (low perfusion 
values) over green and yellow to red (highest perfusion values). 
The associated perfusion value was calculated as follows: 
Perfusion rate=[(Flux 1 or Flux 2)/Flux 3] x 100%.

Statistical analysis. All data are expressed as mean ± standard 
deviation and were subjected to one‑way analysis of variance. 
The correlation coefficient was analyzed using Pearson's 
correlation coefficient. All statistical analyses were performed 
using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). 
P<0.05 was considered to indicate a statistically significant 
difference between values.

Results

Primary tumor volume, weight and lung metastatic sites. The 
present study first evaluated the primary tumor volume, weight 
and lung metastatic number of the 4T1 mouse breast cancer 
tumor‑bearing mice. Tumor growth was monitored through 
measuring the tumor volume (Fig. 1A) and bioluminescence 
was detected using whole body Xenogen imaging, which 

Figure 1. Tumor volume, metastasis and blood perfusion of 4T1‑tumor‑bearing mice. (A) Tumor volume of model mice and Dox‑treated tumor‑bearing mice. 
4T1‑Luc cells were collected and injected into the mammary fat pad of BALB/c mice (5x105 cells/injection; n=5 mice/group). Animals in the Dox treatment 
group were intraperitoneally injected with 1 mg/kg/2 days Dox for 4 weeks and then sacrificed, the model group was untreated and sacrificed at 4 weeks post-
tumor cell implantation. Tumor volume was detected every 3‑4 days. Values are presented as the mean ± standard deviation. (B) Bioluminescence imaging of 
model (left) and Dox‑treated (right) tumor‑bearing mice following 28 days of treatment. Representative Xenogen imaging results are shown. (C) In vivo laser 
Doppler perfusion imaging of mice. Representative images of the normal group, model group in week 1, week 2, week 3, week 4 and Dox‑treated group at week 4 
are shown. Dox, doxorubicin hydrochloride; Flux 1, blood flow at tumor site; Flux 2, blood flow in adjacent healthy skin; Flux 3, blood flow in mice hearts. 
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demonstrated that the model and Dox‑treated groups exhibited 
a marked Xenogen imaging signal in the lungs. The results 
revealed that Dox significantly inhibited primary tumor growth 
at 4 weeks following treatment (Fig. 1A); however, the number 
of metastasis sites on the lung surface of the Dox‑treated group 
was not decreased compared with the control group at 4 weeks 
following treatment. 

Characterization of blood perfusion in tumor‑bearing mice. 
The overall perfusion of mice was decreased following tumor 

cell implantation (Fig. 1C), particularly at week 2. The perfusion 
values for the primary tumor, Flux 1, were found to be asso-
ciated with tumor size. When the diameter of the tumors was 
<5 mm (week 1), Flux 1 was comparable to that of the average 
perfusion of normal mice at the same site (Fig. 1C). A lower 
perfusion intensity at the center of tumors was observed in the 
cases of tumors with a diameter >7 mm (mean perfusion values: 
Model group, 0.51±0.11; and normal group, 0.65±0.05) (Fig. 1C, 
week 2). This may be due to the development of a central 
necrosis. The perfusion value of the peripheral zone of primary 

Table II. WBC parameters in 4T1 breast cancer and normal mice.

Group/Parameter	 WBC (109/l)	 EO (%)	 EO# (109/l)	 BASO (%)	 BASO# (109/l)

Normal	 10.24±1.57	 1.02±0.32	 0.11±0.04	 0.04±0.05	 0.0004±0.0005
Model	 313.49±114.69b	 0.24±0.20b	 0.57±0.45	 0.34±0.14b	 0.1240±0.0872a

Dox	 197.61±37.03	 0.30±0.26	 0.50±0.37	 0.22±0.07	 0.0422±0.0153

Values are presented as the mean ± standard deviation (n=5 mice/group). aP<0.05 and bP<0.01 vs. normal group. WBC, white blood cell; EO, 
eosinophils; BASO, basophils; Dox, doxorubicin hydrochloride.

Table III. RBC parameters in 4T1 breast cancer and normal mice.

A, 

Group/Parameter	 RBC (1012/l)	 HGB (g/l)	 HCT (%)	 MCH (pg)

Normal	 11.11±0.44	 166.60±3.38	 48.16±3.33	 15.02±0.61
Model	 9.51±0.73b	 135.80±10.42b	 42.62±3.07a	 14.30±0.14a

Dox	 9.42±0.28	 143.20±3.54	 43.72±0.96	 15.20±0.13c

B,

Group/Parameter	 MCHC (g/l)	 RDW-SD (fL)	 RDW-CV (%)	 MCV (fL)

Normal	 347.80±28.22	 29.22±1.71	 22.52±0.48	 43.30±1.74
Model	 318.60±3.72	 29.84±0.38	 21.60±0.59a	 44.82±0.44
Dox	 327.60±2.24c	 37.40±2.10c	 24.62±1.03c	 46.40±0.49c

Values are presented as the mean ± standard deviation (n=5 mice/group). aP<0.05 and bP<0.01 vs. normal group, cP<0.05 vs. model group. 
RBC, red blood cell; HGB, hemoglobin; HCT; hematocrit; MCH, mean corpuscular hemoglobin; MCHC, MCH concentration; RDW-SD, 
red blood cell distribution width by standard deviation; RDW-CV, red blood cell distribution width by coefficient of variation; MCV, mean 
corpuscular volume; Dox, doxorubicin hydrochloride.
 

Table I. Tumor weight and lung metastasis of 4T1 tumor‑bearing and normal mice.

Group/Parameter	 Tumor weight (g)	 Tumor index	 Lung metastasis sites	 Flux 1 (week 3)	 Flux 2 (week 3)

Normal	‑	‑	   -	 0.97±0.12	 0.98±0.09
Model	 0.85±0.13	 0.04±0.01	 6.20±3.71	 0.50±0.09b	 0.79±0.15a

Dox	 0.71±0.05c	 0.04±0.00	 6.80±5.27	 0.61±0.09	 0.73±0.06

Values are presented as the mean ± standard deviation (n=5 mice/group). aP<0.05 and bP<0.01 vs. normal group, cP<0.05 vs. model group. Flux 
1, blood flow at tumor site or identical site on normal group; Flux 2, blood flow in adjacent normal tissue; Dox, doxorubicin hydrochloride.
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tumors (Flux 2) was markedly increased compared with the 
value for tumor tissue at week 2 (Fig. 1C).

Distribution of WBCs in tumor‑bearing mice. WBC count 
is the measure of leukocytes cells/µl blood. Blood testing 
revealed that the average WBC count of tumor‑bearing 
mice was increased to ~31 times the normal range (Table II; 
Fig.  2A). In addition, EO# increased but EO% decreased 
following tumor cell implantation. By contrast, BASO% 
and BASO# were limited in normal mice and increased in 
tumor‑bearing mice. In addition, the lymphocyte number was 
out of the detection range of Sysmex XT‑2000i automated 

hematology analyzer following tumor cell implantation. Dox 
treatment did not significantly alter the WBC distribution in 
tumor‑bearing mice. Using Pearson's correlation coefficient 
analysis to analyze the correlation between WBC parameters, 
tumor weight and lung metastasis in 25 samples, the results 
demonstrated an inverse association between lung metastatic 
number and BASO% (r=‑0.512; P=0.009) (Fig. 2B).

Characterization of red blood cells in tumor‑bearing mice. 
Routine blood test results indicated tumor‑associated acute 
anemia in mice, characterized as decreased RBC, HGB, 
HCT, MCH and RDW‑CV values compared with normal 

Figure 2. Blood cell parameter changes following tumor cell implantation and their correlation with tumor growth and metastasis. (A) Blood cell parameters 
were altered following tumor cell implantation. Scattergram of WBC count (left), histogram of RBC count (middle) and histogram of PLT count (right) 
detected using a Sysmex XT‑2000i automated hematology analyzer. Correlations between (B) BASO% and lung metastases, (C) MCH and tumor weight and 
(D) MPV and blood perfusion in Flux 2. WBC, white blood cell; RBC, red blood cell; PLT, platelet; BASO%, ratio of basophils; MCH, mean corpuscular 
hemoglobin; MPV, mean platelet volume; Flux 2, blood flow in adjacent normal tissue; SSC, side scatter; FSC, forward scatter.

  A

  B   C   D

Table IV. Platelet parameters in 4T1 breast cancer and healthy mice.

Group/Parameter	 PLT (109/l)	 PCT (%)	 PDW (fL)	 MPV (fL)	 P‑LCR (%)

Normal	 1017.60±139.03	 0.66±0.09	 7.52±0.27	 6.52±0.16	 4.98±0.89
Model	 1274.20±52.14b	 0.91±0.04b	 8.26±0.29b	 7.14±0.14b	 6.88±0.98a

Dox	 954.20±318.02	 0.68±0.22	 8.48±0.17	 7.16±0.12	 7.68±1.04

Values are presented as the mean ± standard deviation (n=5 mice/group). aP<0.05 and bP<0.01 vs. normal group. PLT, platelet; PCT, plateletcrit; 
PDW, platelet distribution width; MPV, mean platelet volume; P‑LCR%, platelet‑large cell ratio; Dox, doxorubicin hydrochloride.
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mice (P<0.05)  (Table III; Fig. 2A). In addition, Dox treat-
ment was demonstrated to significantly increased the levels 
of MCH  (P<0.01) and RDW‑CV  (P<0.01) compared with 
the model group. Pearson's correlation coefficient analysis 
revealed an inverse association between primary tumor weight 
and MCH (r=‑0.425; P=0.034) (Fig. 2C).

Characterization of platelets in tumor‑bearing mice. In 4T1 
tumor‑bearing mice, values of platelet parameters, including 
PLT, PCT, PDW, MPV and P‑LCR%, were significantly 
different from those in normal mice. Platelet parameters were 
all significantly increased following tumor cell implantation 
compared with the normal group (P<0.05). In addition, PLT 
and PCT were decreased following Dox treatment compared 
with the model group, although these differences were not 
significant (Table IV; Fig. 2A). Furthermore, correlation coef-
ficient analysis revealed a negative correlation between Flux 2 
at week 3 and MPV (r=‑.412; P=.041) (Fig. 2D).

Discussion

4T1 is an animal model for stage IV human breast cancer, which 
is able to spontaneously produce highly metastatic tumors 
that are known to metastasize to the lung, liver, lymph nodes 
and brain in BALB/c mice (24). The present study aimed to 
evaluate the change of primary tumor weight, lung metastasis, 
blood cell parameters and blood perfusion following tumor 
cell implantation and Dox treatment. The results indicated 
that the tumor‑bearing mice exhibited higher WBC and PLT 
counts as well as a lower RBC count and MCH. This therefore 
indicated the presence of tumor‑induced thrombosis and acute 
anemia. In addition, the present study evaluated the described 
parameters of 30 mice (5 normal) and analyzed the associa-
tions among the variables. The results demonstrated that the 
number of visceral lung metastatic sites had a strong negative 
association with BASO%; in addition, an inverse association 
was detected between MCH and the primary tumor weight.

Existing knowledge and further mechanistic studies have 
suggested platelets and their functions to be a novel avenue 
for anti‑metastatic therapy (25,26). Clinical studies have indi-
cated that metastatic malignancy or lung malignancy confers 
a higher risk of cancer‑associated venous thromboembolism 
(VTE) recurrence compared with that of patients with local-
ized malignancy; the occurrence of thromboembolism in a 
cancer patient has been reported to significantly increase the 
risk of mortality (27). A review by Louzada et al suggested that 
VTE recurrence rate according to tumor stage was associated 
with an increased risk for patients with metastatic malignancy 
compared with patients with localized disease (relative risk, 
1.36; 95% confidence interval, 1.06‑1.74; P=0.01)  (28). In 
the present study, a marked increases in platelet‑associated 
parameters, including PLT, PCT, MPV, PDW, PLCR (P<0.05), 
and decreases in local blood perfusion were apparent; this 
therefore suggested that the local blood perfusion of tumor 
and platelet parameters were associated with primary tumor 
growth and lung metastasis in a mouse 4T1 breast cancer 
metastasis model.

Tumor cell‑associated platelet aggregation and micro-
thrombus formation occurs when tumor cells become trapped 
in the microvasculature of a distant organ. Disseminated 

tumor cells are surrounded by non‑activated platelets; once 
activated, platelets promote metastasis formation by releasing 
specific growth factors, including platelet‑derived growth 
factor (PDGF) and P‑selectin (13). P‑selectin is an adhesion 
molecule expressed by activated platelets and endothelial 
cells; the increase of circulating PLT leads to the over expres-
sion of P‑selectin, which subsequently promotes thrombogenic 
platelet interactions with tumor cells via P‑selectin (29,30). In 
addition, platelets release PDGF, which is a potent inducer of 
tumor cell invasion (31). Therefore, high platelet counts were 
reported to be associated with tumor progression and poor 
prognosis in numerous types of cancer (32,33).

There is increasing evidence for the potential association 
between acute anemia and tumor growth in clinical practice. 
The European Cancer Anemia Survey (ECAS) provided data 
stating that anemia [hemoglobin (Hb), <12 g/dl] was detected 
in 30.4% of breast cancer patients and 49.1% of gynecologic 
cancer patients. Overall, it was reported that at certain points 
during this survey, 62.4% of breast cancer patients and 81.4% 
of gynecologic cancer patients showed clinical symptoms of 
anemia (34). In addition, for breast and gynecologic cancer 
patients, a marked association was detected between low Hb 
level and poor performance status (World Health Organization 
criteria) (35). The data presented by ECAS emphasized the 
importance of increased awareness of the negative effects of 
anemia on cancer patients and optimal anemia management in 
order to ensure the maximum quality of life for patients. MCH 
is a marker that indicates the concentration of hemoglobin per 
RBC (36). The present results demonstrated that when the 
primary tumor weight was increased, MCH was decreased.

Leukocytosis, or elevated WBC count, is a commonly 
encountered laboratory finding. In the present study, WBCs 
in tumor‑bearing mice had a significantly higher baseline 
mean (313.49±114.69x109/l) compared with that of normal 
mice (10.24±1.57x109/l). Of note, the present study revealed an 
inverse association between BASO% and lung metastasis in 
tumor‑bearing mice. Basophils, a type of WBC, which have an 
important role in allergic disorders, have not been extensively 
studied; this may be due to their dispersed distribution in 
hematopoietic organs, as the only account for <1% of all blood 
leukocytes, as well as their limited longevity (37). Basophils are 
involved in numerous immune reactions, including the initiation 
of Th2 differentiation, which was reported to be closely associ-
ated with cancer metastasis (38). Therefore, understanding the 
potential action of basophils in the cancer process is critical. A 
previous study suggested that the assessment of circulating baso-
phils may provide important prognostic information in cancer 
patients (39). The present study indicated that the presence of 
basophils predicted tumor growth in mice. In cases where the 
BASO% was higher, as in verified metastasis, the number of 
lung metastatic sites was decreased.

The results of the present study revealed that among 
breast cancer‑bearing mice, widespread cancer‑associated 
thrombosis and acute anemia were observed. In addition, 
inverse associations between MHC and tumor weight, as well 
as BASO% and lung metastasis were identified. The present 
study was limited due to a relatively small sample size and 
only one determination of BASO% using blood cell analysis. 
It is therefore recommended that a prospective study should 
be performed to analyze serial measurements of BASO levels 
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and activity as well as the level of tumor metastatic‑associated 
factors during tumor metastasis progress, in order to further 
determine the association of BASO% and lung metastasis in a 
mouse breast cancer model.
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