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Introduction

Modern Western lifestyle along with smoking in young 
people, obesity, and industrial and agricultural pollution 
resulted in higher incidence rate of breast cancer in most 
Middle East countries.1 Lack of awareness and hesitancy to 
perform regular health checks are among the major causes 
for failure of breast cancer early diagnosis.2 Many treatment 
strategies are currently available, including surgery, radia-
tion therapy, and chemotherapy. Specific treatment modali-
ties depend on certain characteristics as hormone receptor 
status, tumor grade, metastatic potential, and molecular and 
patient profile. Despite notable advances in chemotherapy, 
the severe drawbacks and the possibility of drug resistance 
and relapse reduce treatment efficacy.3 This in turn increases 
the need for exploring novel therapeutic strategies to not 
only kill the tumor cells but also stop their metastasis.

There is a traditional belief in the Middle East that regular 
consumption of camel milk can improve patients’ immunity 
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Abstract
Background/Objectives: In the Middle East, people consume camel milk regularly as it is believed to improve immunity 
against diseases and decrease the risk for cancer. Recently, it was noted that most of the beneficial effects of milk come from 
their nanoparticles, especially exosomes. Herein, we evaluated the anticancer potential of camel milk and its exosomes on 
MCF7 breast cancer cells (in vitro and in vivo) and investigated the possible underlying molecular mechanism of action. 
Methods/Results: Administration of camel milk (orally) and its exosomes (orally and by local injection) decreased breast 
tumor progression as evident by (a) higher apoptosis (indicated by higher DNA fragmentation, caspase-3 activity, Bax gene 
expression, and lower Bcl2 gene expression), (b) remarkable inhibition of oxidative stress (decrease in MDA levels and iNOS 
gene expression); (c) induction of antioxidant status (increased activities of SOD, CAT, and GPX), (d) notable reduction 
in expression of inflammation-(IL1b, NFκB), angiogenesis-(VEGF) and metastasis-(MMP9, ICAM1) related genes; and (e) 
higher immune response (high number of CD+4, CD+8, NK1.1 T cells in spleen). Conclusions: Overall, administration 
of camel milk–derived exosomes showed better anticancer effect, but less immune response, than treatment by camel 
milk. Moreover, local injection of exosomes led to better improvement than oral administration. These findings suggest 
that camel milk and its exosomes have anticancer effect possibly through induction of apoptosis and inhibition of oxidative 
stress, inflammation, angiogenesis and metastasis in the tumor microenvironment. Thus, camel milk and its exosomes could 
be used as an anticancer agent for cancer treatment.
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against diseases and decreases the risk for cancer. Consumption 
of camel milk can improve the immunity of patients against 
hepatitis C virus.4,5 Camel milk and its constituents also 
showed anticancer effect against a wide variety of cancer cell 
lines, including human breast cancer MCF7 cells.6-10

Exosomes are extracellular nanovesicles of 30 to 100 nm 
diameter that are produced by nearly all cell types.11 They 
play a significant role in cellular communication by transfer-
ring their nucleic acid (ie, mRNA, micro RNA [miR], long 
noncoding RNA [lncRNA] molecules, and circulating DNA) 
and protein cargoes between cells.12 Milk exosomes have 
special significance because they have the capacity of trans-
ferring genetic information from mother to infants.13,14 
Human milk has been demonstrated as a potent immune 
stimulant and its exosomes have an anticancer impact through 
NF-κB pathway.15 Moreover, exosomes derived from cow 
milk also inhibit breast cancer cell viability in vitro.16 
However, to the best of our knowledge to date no publica-
tions are available in the literature that address the in vitro or 
the in vivo effect of camel milk exosomes on breast cancer 
cells. Herein, we evaluated the potential effect of camel milk 
and its exosomes on MCF7 breast cancer cells, in vitro and in 
vivo, and the involved underlying mechanism.

Materials and Methods

Exosomes Isolation and Characterization

Fresh camel milk samples were collected from healthy lactat-
ing she-camels at mid lactation period. The exosomes were 
isolated using differential ultracentrifugation as previously 
described17 with some modifications. The milk sample (20 
mL) was centrifuged at 5000 × g for 15 minutes at 4°C to 
remove fat globules, casein aggregates, and other debris. The 
supernatants containing the exosomes were centrifuged at 
13,000 × g for 30 minutes at 4°C to remove debris and apop-
totic bodies. Exosomes were isolated from supernatants by 
twice ultracentrifugation at 100,000 × g (Optima L-90K; 
Beckman Coulter) for 90 minutes each at 4°C, with an interval 
wash with phosphate buffered saline (PBS), to remove large 
particles and microvesicles. The exosome pellets were pooled 
and resuspended in PBS to give homogenous suspension. The 
total exosomal protein content was measured by Bradford 
method. The isolated exosomes were identified by transmis-
sion electron microscopy (JEM2100, Joel Inc) at 80 kV. The 
exosomes were pelleted, fixed in 2.5% glutaraldehyde in caco-
dylate buffer at 20°C for 1 hour, and stained with 2% uranyl 
acetate. The specific structural proteins of exosomes (CD63, 
CD81; Santa Cruz) were verified by Western blotting. In brief, 
exosomes pellets were lysed by RIPA buffer, then their protein 
contents in the collected supernatants were separated by 10% 
sodium dodecyl sulfate–polyacrylamide gel electrophoresis 
and transferred to nitrocellulose membranes which were incu-
bated with the CD63 (1:200) and CD81 (1: 200) primary anti-
bodies. Secondary horseradish peroxidase–conjugated 

anti-rabbit IgG antibody detection was done with enhanced 
chemiluminescence reagents (Santa Cruz).

Cell Viability by MTT Assay

The cytotoxic effect of both camel milk and its exosomes 
on MCF7 cells was evaluated by MTT assay. The cells were 
cultured in a 96-well plate (1 × 104 cells/well, 100 μL/well) 
containing Dulbecco’s modified Eagle medium (DMEM) 
provided with 10% fetal bovine serum, and 1% penicillin/
streptomycin (GIBCO). The cells were then incubated at 
37°C for 24 hours under 5% CO

2
, 95% air until reaching a 

confluence of 70% to 80%. Two-fold dilution of fat-free 
camel milk (obtained by centrifugation at 1400 × g for 30 
minutes at 4°C) and exosomal proteins at different concen-
trations (0, 3.125, 6.25, 12.5, 25, 50, and 100 μg/mL) were 
added and the cells were reincubated for further 24 hours. 
The cells were incubated with 5 mg/mL of MTT (Sigma) 
for 4 hours and then the medium was replaced with 100 μL 
dimethyl sulfoxide (DMSO; Sigma) and vortexed for 20 
minutes. Absorbance was recorded at 570 nm using micro-
plate reader. The concentration of milk and its exosomes 
inhibiting 50% of cells (IC

50
) was calculated using the sig-

moidal curve using GraphPad (Prism) statistics software.

In Vitro Scratch Assay

This assay was achieved as previously described.18 A 
scratch in form of a straight line in the middle of each well 
was made by a sterile yellow tip in MCF7 cells (2.5 × 105 
cells/mL in 6-well plates) seeded in DMEM at a 70% to 
75% confluence. A fresh media with different concentra-
tions of camel milk and its exosomal proteins (1/2 IC

50
) 

were added to the wells and the cells were photographed at 
0 and 24 hours. The migration rate was calculated using the 
following formula: area of scratch at 0 hours − area of 
scratch at 24 hours / area of scratch at 0 hours × 100.

Animals and Experimental Design

Healthy female albino rats (n = 50) of similar age (~3 
weeks) and weight (~80 g) were housed in a temperature-
controlled (25°C-27°C) and light-controlled room (12-hour 
light/dark cycle) with free access to food (standard diet) and 
water. Rats were acclimatized to laboratory conditions for 2 
weeks prior to experiments. All experimental procedures 
described herein followed the guidelines of the Institutional 
Animal Care and Use Committee of Kafrelsheikh and 
Northern Border Universities and was performed in accor-
dance with the National Institutes of Health guidelines.

The animals were divided into 5 groups (n = 10 per group): 
normal control group (G1), MCF7-injected tumor group (G2), 
tumor group administrated camel milk orally (G3), tumor group 
given exosomes orally (G4), and tumor group injected locally by 
exosomes (G5). Rats in G1 were administered PBS, while the 
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remaining 40 rats were first immunosuppressed by intraperito-
neal injection of cyclophosphamide (CTX) at a dose of 40 mg/
kg for 4 successive days. MCF7 cells (2 × 107 in 200 µL PBS) 
mixed (1:1) with matrigel were injected intradermally around 
the right thoracic teat of the mammary gland of the immunosup-
pressed rats at the 5th and 12th day of the experiment. To initiate 
tumor formation, rats were injected intramuscularly by estrogen 
(Folon, 0.01 mL/kg body weight) 1 day before MCF7 injection 
and continued until tumor formation. At tumor volumes between 
1000 and 2000 mm3 (~at the 3rd week), rats developed tumors 
were orally administrated either camel milk (1 mL/rat, G3)19 or 
exosomal protein (20 mg/kg, in 1 mL PBS, G4)16 for 4 weeks, 
while the tumor was locally injected with 200 µL PBS (G2), or 
1.25 mg/kg exosomal protein (G5) in 200 µL PBS20 4 times with 
1-week interval. At the end of the experiment (6 weeks), blood 
samples were collected in vacutainer tubes and were centrifuged 
at 3000 rpm for 5 minutes to obtain serum. After sacrificing, 
spleen and tumor tissue was excised. The tumor tissue was either 
snap-frozen in liquid nitrogen (real-time polymerase chain reac-
tion [PCR]) or homogenized (biochemical assay), while the 
spleen was freshly prepared for flow cytometry.

Detection of DNA Damage by Comet Assay

This assay was carried out on tumor tissue as previously 
described21 using a fluorescence microscope supplied with 
Komet 5 image analysis software. The extent of DNA dam-
age was assessed by the tail length, and the damage index 
which ranged from 0 (undamaged [tail length = 0], 100 cells 
× 0) to 400 (maximal damage [tail length = 4], 100 cells × 4).

Caspase-3 Activity Assay

The homogenized tumor tissues were incubated in lysis buf-
fer and the cell lysates were centrifuged at 15,000 rpm for 10 
minutes at 4°C. Protein concentration in supernatant was 
measured by Bradford assay before being incubated for 1 
hour with caspase 3 fluorogenic substrate (Ac-DEVD-AMC, 
Alexis Biochemicals). Cleavage of the caspase substrates 
was detected using a fluorescence microtiter plate reader at 
excitation/emission wavelengths of 360/460 nm.

Evaluation of Lipid Peroxidation and Antioxidant 
Biomarkers

Tumor tissues were homogenized in cold PBS and were 
centrifuged at 5000 rpm for 15 minutes at 4°C. The super-
natants were used to measure the concentration of the lipid 
peroxidation biomarker malondialdehyde (MDA) and the 
activity of antioxidant enzymes superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase (GPX) 
using commercial kits (Bio-Diagnostics Co, Cairo, Egypt) 
as previously described.22

Molecular Analysis by Real-Time PCR

Total RNA was isolated from tumor tissues using RNeasy 
Mini kit (Qiagen, #74104) as previously described.23 RNA 
concentration and purity were determined by Q5000 nano-
drop (Quawell) and by running in 1% gel electrophoresis. 
The cDNA was synthesized by reverse transcription of 
RNA (5 μg) using Quantiscript reverse transcriptase 
(Qiagen, #205310). Specific primers for Bax, Bcl2, NFKb, 
IL1β, iNOS, VEGF, MMP9, and ICAM1 genes were 
designed by the Primer 3 web-based tool based on the pub-
lished rat sequences (Table 1). Quantitative real-time PCR 
(qPCR) was performed using QuantiTect SYBR Green 
qPCR Master Mix in a StepOnePlus real-time PCR system 
(Applied Biosystems) and reaction cycles as previously 
described.24 The quantities critical threshold (Ct) of target 
gene were normalized with quantities (Ct) of the internal 
control (β actin) as previously described.25 Levels were 
expressed relative to normal control samples.

Immunophenotyping of Spleen NK1.1, CD4, and 
CD8 T Cells

The collected spleens were mashed in PBS, filtered through 
80 µm wire mesh, digested with 1X RBC Lysis Buffer (eBio-
science, # 00-4333-57), pelleted down at 3000 × g for 7 min-
utes, and resuspended in PBS. The cells were stained with 
CD3-FITC (pan lymphocytic marker), CD4-PE, CD8-PE, 
and NK1.1-PE (Abcam) antibodies and incubated for 2 hours 

Table 1. Primers Used for Real-Time Polymerase Chain Reaction.a

Gene Forward Primer Reverse Primer Size (bp)

Bax ACACCTGAGCTGACCTTG AGCCCATGATGGTTCTGATC 192
Bcl2 AGTACCTGAACCGGCATCTG CATGCTGGGGCCATATAGTT 83
iNOS GACCAGAAACTGTCTCACCTG CGAACATCGAACGTCTCACA 137
IL1β CACCTCTCAAGCAGAGCACAG GGGTTCCATGGTGAAGTCAAC 79
NFκβ CCTAGCTTTCTCTGAACTGCAAA GGGTCAGAGGCCAATAGAGA 120
VEGF GATCATGCGGATCAAACCTCACC CCTCCGGACCCAAAGTGCTC 209
MMP9 TCGAAGGCGACCTCAAGTG TTCGGTGTAGCTTTGGATCCA 82
ICAM1 AGATCATACGGGTTTGGGCTTC TATGACTCGTGAAAGAAATCAGCTC 75
β actin AAGTCCCTCACCCTCCCAAAAG AAGCAATGCTGTCACCTTCCC 149

aMelting temperatures (T
m
) for all genes are 60°C.
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on ice, pelleted down, resuspended in PBS, and finally ana-
lyzed using flow cytometry (Attune, Applied Biosystem).

Statistical Analysis

One-way analysis of variance using GraphPad Prism 7 
(GraphPad Software, Inc, La Jolla, CA) was used to deter-
mine the difference between the groups. Comparison of 
means was carried out with Tukey’s honestly significant dif-
ference test. Data were presented as mean ± standard error of 
mean (SEM) and significance was declared at P < 0.05.

Results

Characterization and Labeling of Camel Milk–
Derived Exosomes

Transmission electron microscopy (TEM) examination 
revealed presence of exosomes in form of nanovesicles with 
average diameters ranged from 30 to 100 nm in the samples 

isolated from camel milk by ultracentrifugation (Figure 1A). 
Western blot results confirmed expression of exosomal 
markers CD63 and CD81 in these exosomes (Figure 1B).

Camel Milk and Its Exosomes Inhibited 
Proliferation of MCF7 Cells

The MTT assay was performed to detect the inhibitory 
effect of camel milk and its exosomes on human breast can-
cer cell line, MCF7. MTT assay results exhibited significant 
dose-dependent anti-proliferative activity for milk and its 
exosomes on MCF7 with IC

50
 values of 47.9 ± 1.02 and 

27.34 ± 0.65, respectively, as compared with vehicle 
(DMSO)-treated MCF7 cells (Figure 2).

Camel Milk and Its Exosomes Suppressed the 
Migration of MCF7 Cells

The wound-healing assay was used to monitor change in motil-
ity (migration) potential of MCF7 cells following treatment by 
camel milk and its exosomes. The obtained results exhibited a 
significant lower rate of MCF7 migration following 

Figure 1. Characterization of camel milk–derived exosomes. 
Transmission electron microscopic examination shows small 
nanovesicles (30-100 nm) in the sample isolated from the 
camel milk by ultracentrifugation. Western blot analysis of the 
exosomal protein shows presence of CD63 and CD81.

Figure 2. Sigmoidal curve for MTT assay showing IC
50

 
values and the inhibition percentage (%) of camel milk and its 
exosomes on MCF7 cells. Each data point represents an average 
of three independent experiments.
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administration of camel milk (40.25% ± 2.12%) and camel 
milk–derived exosomes (17.75% ± 2.86%) as compared with 
the DMSO-treated MCF7 cells (65.22% ± 3.74%, Figure 3).

Camel Milk and Its Exosomes Limited Growth of 
Breast Tumor Through Induction of Apoptosis

The final weight of breast tumor was significantly decreased 
in all treated groups (G3-G5) with lowest weight in G5 (0.50 
± 0.02 g), followed by G4 (0.67 ± 0.02 g) and then G3 (0.84 
± 0.04 g) as compared with that of the tumor group (G2, 1.13 
± 0.06 g) (Figure 4A). Comet assay was applied to assess the 
DNA integrity in breast tumor tissues of rats. Groups treated 
by camel milk (G3) and its exosomes (G4 and G5) showed a 
significant increased level of DNA damage, as revealed by a 
high damage index as compared with that in the tumor (G2, 
65.31 ± 5.09 µm) and normal (G1, 77.36 ± 4.49 µm) groups. 
The highest DNA damage was noticed in exosome injected 
group (G5, 310.0 ± 17.32 µm), followed by G4 (240.58 ± 
12.53 µm) and G3 (184.05 ± 9.02 µm, Figure 4B and C).

Further analysis was conducted by measuring caspase-3 
activity, as a final marker of apoptosis, to assess the possi-
ble apoptotic role of camel milk and its exosomes in breast 
tumor. As expected, breast tumor tissues from rats treated 
by camel milk (G3) and its exosomes (G4 and G5) exhib-
ited higher caspase-3 activity as compared with that in the 
tumor (G2) and normal (G1) groups (Figure 5). Again, the 
highest activity was observed in G5 (342.79% ± 17.52%), 
followed by G4 (273.02% ± 13.44%) and G3 (215.8% ± 
12.86%). Moreover, G2 (35.62% ± 2.41%) showed a sig-
nificant lower caspase-3 activity than G1 (100% ± 6.03%).

To investigate the underlying molecular mechanism of 
apoptosis in breast cancer induced by camel milk and its exo-
somes, qPCR was used to detect change in mRNA levels of the 
apoptotic marker, Bax, and the anti-apoptotic marker, Bcl2 
(Figure 5). Breast tumor tissues of rats treated with camel milk 
(G3) and its exosomes (G4 and G5) showed a significant 
upregulation in Bax (2.79 ± 0.12, 3.65 ± 0.15, 5.11 ± 0.22 fold 
change, respectively) and a significant downregulation in Bcl2 
(4.09 ± 0.22, 3.11 ± 0.16, 1.92 ± 0.11 fold change, respectively) 
mRNA levels compared with the tumor group (G2). Again, G5 
and G4 showed higher Bax and lower Bcl2 mRNA levels than 
G3. Furthermore, G2 exhibited significant lower Bax (0.1 ± 
0.005 fold change) and higher Bcl2 (7.8 ± 0.36 fold change) 
mRNA levels than G1 (1 ± 0.03 for Bax and 1 ± 0.02 for Bcl2).

Camel Milk and Its Exosomes Inhibited 
Oxidative Stress in Breast Tumor Tissues

Figure 6 shows the levels of the lipid peroxidation marker 
(MDA), the mRNA levels of oxidative stress–related gene 
(iNOS), and the activities of the antioxidant enzymes (SOD, 
CAT, and GPX) in rat mammary tissues from all the groups. 
The tumor group (G2) exhibited higher MDA levels (386% 

± 10.74%) and iNOS mRNA levels (6.32 ± 0.17 fold 
change) and lower activities of SOD (8.11% ± 0.52%), CAT 
(15.26% ± 0.45%), and GPX (27.12% ± 0.9%) as compared 
with the normal control group (G1, 100% ± 5.11%, 1 ± 0.04 
fold change, 100% ± 4.47%, 100.26% ± 6.33%, 100% ± 
5.77%, respectively). In contrast, rats treated with camel 
milk and its exosomes exhibited a significant decrease in 
the MDA levels and iNOS mRNA levels and a significant 

Figure 3. Inhibitory effect of camel milk and its exosomes on 
the migration of MCF7 cells. (A) Wound-healing assay of MCF7 
cells treated with camel milk and its exosomes. (B) Percentage 
of wound closure of MCF7 cells. Images were captured at 0 and 
24 hours. Red bar refers to the size of the wound. Values are 
expressed as mean ± SEM. Columns carrying different letters 
are significantly different at P < 0.0001.
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increase in SOD, GPX, and CAT activities, with the best 
results in G5 (204% ± 6.05%, 2.25 ± 0.08 fold change, 
80.10% ± 4.38%, 82.52% ± 2.79%, 68.19% ± 2.01%, 
respectively), followed by G4 (282% ± 6.62%, 3.01 ± 0.12 
fold change, 59.25% ± 3.74%, 62.9% ± 4.01%, 54.36% ± 
2.21%, respectively) and then G3 (301% ± 9.49%, 4.11±0.1 
fold change, 38.24% ± 2.01%, 47.11% ± 2.39%, 39.86% ± 
1.7%, respectively) as compared with G2.

Figure 4. Effect of camel milk and its exosomes on tumor 
weight (A) and DNA damage of normal mammary gland and 
tumor tissue detected by comet assay (B, C). In (B), G1 (i); G2 
(ii); G3 (iii); G4 (iv); G5 (v). Values are expressed as mean ± 
SEM. Columns carrying different letters are significantly different 
at P < 0.05.

Figure 5. Camel milk and its exosomes induced cancer cell death 
via apoptosis as revealed by higher caspase-3 activity, upregulated 
Bax and downregulated Bcl2 gene expression. Data presented 
as fold change (mean) ± SEM from the normal group. Columns 
carrying different letters are significantly different at P < 0.05.
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Camel Milk and Its Exosomes Reduced 
Inflammation, Angiogenesis, and Metastasis in 
Tumor Tissues

The qPCR used to monitor the changes in the expression levels 
of inflammation-related genes (IL1β and NFκB), angiogene-
sis-related gene (VEGF), and metastasis-related genes (MMP9 
and ICAM1) in rat mammary tissues from all groups (Figure 
7). The tumor group (G2) exhibited the most significantly 
increased expression levels of IL1β, NFκB, VEGF, MMP9, 

and ICAM1 genes (15.72 ± 0.58, 19.11 ± 0.82, 4.78 ± 0.27, 
6.36 ± 0.35, and 7.45 ± 0.41 fold change, respectively) as com-
pared with the normal control group (G1, 1 ± 0.05, 1 ± 0.05, 1 
± 0.04, 1 ± 0.04, and 1 ± 0.04 fold change, respectively). This 
elevated expression levels was significantly decreased in 
tumor tissues of rats treated with camel milk (G3) and its exo-
somes (G4 and G5), with the best improvement in the G5 (3.04 
± 0.22, 3.72 ± 0.15, 1.85 ± 0.09, 2.07 ± 0.09, and 2.24 ± 0.12 
fold change, respectively), followed by G4 (5.92 ± 0.38, 6.83 ± 
0.41, 2.94 ± 0.12, 3.26 ± 0.18, and 4.09 ± 0.18 fold change, 

Figure 6. Oxidative stress/antioxidant status of breast tumor after treatment by camel milk and its exosomes shows higher MDA 
level and iNOS mRNA level and lower levels of SOD, CAT, and GPX in tumor tissue. Values are expressed as mean ± SEM. Columns 
carrying different letters are significantly different at P < 0.05.
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respectively), then G3 (8.37 ± 0.49, 10.35 ± 0.58, 3.91 ± 0.11, 
4.12 ± 0.20, and 5.32 ± 0.34 fold change, respectively) com-
pared with the G2 group.

Camel Milk and Its Exosomes Increased Numbers 
of CD4+, CD8+, and NK1.1+ T Cells in Rat Spleen

Flow cytometry data revealed a notable decrease in the num-
ber of CD3+/CD4+ (3.72% ± 0.01%), CD3+/CD8+ (2.10% 
± 0.02%), and CD3+/NK1.1+ (1.17% ± 0.03%) T cells in rat 
spleen of tumor group (G2) (Figure 8). This number was sig-
nificantly increased following treatment by camel milk (G3, 
9.34% ± 0.65%, 5.71% ± 0.27%, 3.05% ± 0.10%, 

respectively) and its exosomes (G4: 7.50 ± 0.46, 4.06 ± 0.12, 
2.13 ± 0.07 and G5: 5.62 ± 0.31, 3.11 ± 0.09, 2.24 ± 0.05). 
Surprisingly, rats given camel milk showed the highest num-
ber of CD3+/CD4+, CD3+/CD8+, and CD3+/NK1.1+ cells 
as compared with those treated by exosomes.

Discussion

This study was conducted to evaluate the therapeutic effect 
of camel milk and its exosomes on MCF7 breast cancer 
cells, in vitro and in vivo, and to investigate the involved 
underlying mechanism. Cancer cells survive through 3 
mechanisms: inhibition of apoptosis, induction of 

Figure 7. Real-time PCR analysis shows changes in relative gene expression of inflammation-related genes (IL1b and NFκB), 
angiogenesis-related gene (VEGF), and metastasis-related genes (MMP9 and ICAM1) in mammary gland tissue of all groups. Data 
presented as fold change from the normal control group (G1). Values are expressed as mean ± SEM. Columns carrying different 
letters are significantly different at P < 0.05.
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inflammation, and immunosuppression.26,27 Therefore, 
treatment strategies targeting these 3 mechanisms can hin-
der cancer cell proliferation and subsequently interfere with 
tumor progression. In the present study, we investigated the 
potential role of camel milk and its exosomes on the 3 
mechanisms and how this effect differs when camel milk or 
its exosomes were given orally or by local injection. To the 
best of our knowledge, this is the first study to report that 
administration of camel milk and its exosomes inhibited 
MCF7 cells proliferation and decreased breast tumor pro-
gression as revealed by (a) higher apoptosis; (b) remarkable 
inhibition of oxidative stress; (c) notable reduction in 
inflammation, angiogenesis, and metastasis; and (d) higher 
immune response.

It is well known that apoptosis is accompanied by higher 
levels of DNA fragmentation and caspase-3 activity fol-
lowed by cancer cell death. In accordance, we found that 
administration of camel milk induced higher cytotoxic effect 
on MCF7 cells in vitro in a dose-dependent manner. In 
agreement, a previous in vitro study showed a similar inhibi-
tory effect for camel milk on MCF7 cells.6 This inhibitory 

effect was also confirmed by resulted obtained from the in 
vivo rat model of breast cancer, which revealed a reduced 
size tumor, a higher level of DNA fragmentation (detected 
by a comet assay), and increased activity of the end result of 
apoptosis, caspase 3, in breast tumor tissues of rats treated 
with camel milk. To further confirm the induction of apopto-
sis, changes in the expression of the apoptotic gene, Bax, the 
anti-apoptotic gene, Bcl2, were investigated. As expected, 
rats treated by camel milk exhibited a significant upregu-
lated Bax and downregulated Bcl2 mRNA levels in their 
tumor tissues as compared with the normal control and 
tumor groups. In agreement, previous studies also showed 
that camel milk induced apoptosis of MCF7 cells6 and other 
cell lines, including HepG2, Hela, and BT-474, mainly 
through a similar molecular pathway.6,10,28 This proapoptotic 
stimulatory effect for camel milk may be attributed to high 
content of lactoferrin and α-lactalbumin10; however, to date 
the actual mediator(s) for camel milk involved in apoptosis 
has not elucidated yet. Lactoferrin inhibits proliferation in 
colorectal cancer cells through activation of Fas-dependent 
apoptotic pathway29; however, in breast cancer cells, bovine 

Figure 8. Flow cytometry analysis of CD4, CD8, and NK1.1 on the splenocytes of G2-G5. The data are expressed as means ± SEM 
for triplicates. Rows containing different letters are significantly different at P < .05.
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milk–derived lactoferrin growth inhibitory effect was modu-
lated by cell cycle arrest at the G1 and S phases, rather than 
by apoptosis.30 Concerning camel milk exosomes, to the best 
of our knowledge, this may be the first study to report apop-
tosis-mediated cytotoxic effect for camel milk exosomes 
when given either orally or locally in the tumor tissues. The 
apoptosis (indicated by higher DNA fragmentation, cas-
pase-3 activities, Bax gene expression and lower Bcl2 gene 
expression) induced by exosomes was significantly higher 
in exosomes-treated groups than camel milk–treated groups, 
suggesting that camel milk induction of apoptosis, at least in 
part, mediated by exosomes. Taken together, the cytotoxic 
effect of camel milk and its exosomes on MCF7 cells and 
their inhibitory effect on tumor growth are probably related 
to apoptosis induction, but further investigations are required 
to unveil the actual molecular pathway regulating this effect.

The present study showed that camel milk and its exo-
somes significantly increased the activities of antioxidant 
enzymes (SOD, GPX, and CAT) and decreased the level of 
lipid peroxidation marker MDA and the expression of the oxi-
dative stress marker iNOS in tumor tissues as compared to the 
tumor group. This suggests that oxidative stress/antioxidant 
pathway may be involved in the inhibitory effects of camel 
milk and its exosomes on tumor progression. Consistent with 
this, camel urine (which also has been known to have antican-
cer activity) also decreased MDA levels and iNOS mRNA 
expression in tumor tissues of mice31 and increased MDA lev-
els in breast cancer patients.32 iNOS and NO accelerate tumor 
growth and progression through induction of the angiogenesis 
and metastasis.33 In contrast to our results, camel milk upregu-
lates the expression of oxidative stress marker (HO-1) gene, 
and induces reactive oxygen species (ROS) overproduction in 
cancer cells in vitro.7 These contradictory results may be 
attributed to variation in experiment type (in vivo vs in vitro). 
Moreover, Dutta et al34 reported that breast cancer cell–
derived exosomes can initiate oxidative stress damage to the 
recipient human primary mammary epithelial cells. However, 
we found that camel milk–derived exosomes can inhibit car-
cinogenesis, suggesting variable pathways mediated by exo-
somes depending on their origin from either cancer cells or 
normal cells (such as camel milk in this case).

Cancer cells have the ability to initiate inflammation 
through direct production of cytokines35 or through physical 
damage to normal tissue.36 Inflammation plays a crucial role 
in tumor progression from initiation to the metastatic process. 
Long exposure of breast tumor cells to cytokines causes epi-
thelial-mesenchymal transition, which is the main initiator 
for metastasis and tumor invasion. Therefore, inhibition of 
the main inflammatory cytokine in the tumor, IL1β, can 
inhibit breast cancer cell migration and invasion.37 
Subsequently, some anticancer drugs were designed to target 
inflammation-related pathways in cancer cells. We also found 
anti-inflammatory effect for camel milk and its exosomes, 
with better effect for exosomes, as revealed by 

downregulation of the inflammation-related genes, IL1β and 
NFκB in tumor tissues. A similar anti-inflammatory effect 
was reported for camel urine on the tumor tissues induced by 
MCF7 cells injection in mice.31 Comparing the constituents 
of camel milk and urine, it is possible that exosomes are the 
major players in this action as they are produced by nearly all 
cell subtypes and abundantly secreted in the milk and urine.

Cancer cells initiate new blood vessel formation (angio-
genesis), which provides them with sufficient nutrient and 
oxygen to maintain their viability and to facilitate metasta-
sis. Administration of camel milk and its exosomes led to 
significant downregulation in the expression of the angio-
genesis-related gene, VEGF, in tumor tissues as compared 
to the tumor group. This suggests an inhibitory effect for 
camel milk and its exosomes on tumor microenvironment 
angiogenesis. In addition, camel milk and its exosomes also 
showed an antimetastatic effect on MCF7 cells as indicated 
by the in vitro wound healing assay, which revealed lower 
rate of cell migration with better effect when exosomes 
were used. To further verify the antimetastatic potential of 
camel milk and its exosomes, the metastasis-related genes, 
MMP9 and ICAM1 were investigated as well. As expected, 
administration of camel milk and its exosomes significantly 
downregulated the expression of MMP9 and ICAM1 in 
tumor tissues with best improvement by exosomes. 
Consistent with our data, Romli et al31 also reported lower 
levels of ICAM1 expression in tumor tissues of mice fol-
lowing administration of camel urine. Additionally, ICAM1 
upregulation is correlated with metastatic and invasive abil-
ity of many cancer cells, including breast cancer.38 It is well 
known that chemokines in tumor microenvironment play an 
important role in migration and invasion of cancer cells.39 
Here, we provide camel milk and its exosomes as new dis-
ruptors for chemotaxis-based migration of MCF7 cells.

The immune system plays an integral role in cancer 
growth and progression. This effect is mainly mediated by T 
cells, including CD8+ cytotoxic, CD4+ helper, and natural 
killer (NK) cells.40 Herein, we found that treatment by camel 
milk and its exosomes increased CD4+, CD8+, and NK1.1+ 
T cells in the spleen. Animals with higher T cells population 
have higher immunity and smaller tumor sizes. Similarly, 
cancer patients with high numbers of CD4+, CD8+, and NK+ 
cells have better prognosis and survival rate.41,42 CD4+ cells 
inhibit tumor growth through inhibition of inflammation-
related cytokines. When CD8+ cells are activated, they kill 
cancer cells directly or indirectly through secretion of other 
cytotoxic cytokines.40 Surprisingly, treatment by camel milk 
resulted in higher numbers of CD4+, CD8+, and NK1.1+ 
cells than treatment by exosomes. Hence, camel milk may 
contain other immune-stimulant constituents than those pres-
ent in their exosomes. In line with this notion, it was reported 
that camel milk contains abundant amount of vitamin C, vita-
min E, selenium, zinc, lysozme, lactoferrin, lactoperoxidase, 
casein, and immunoglobulins,43 all of which have a potent 
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immune-stimulatory effect. Additionally, camel milk con-
tains unique nanobodies called variable heavy heavy (VHH), 
which have no typical light chains as those in normal anti-
bodies. These very small nanobodies along camel milk IgGs 
can easily penetrate the cell membrane of any cells (includ-
ing cancer cells) and localized intracellularly to perform vari-
able immune-stimulatory functions.44 It would be worthwhile 
to check whether camel milk–derived exosomes carry any of 
these immune-stimulant constituents. Therefore, further 
investigations are required to check this possibility.

Several studies demonstrated that tumor exosomes play a 
crucial role in cancer progression by modulating local cellu-
lar microenvironments.45 Cross-talk, mediated by exosomes, 
between normal (healthy) cells and cancer cells in tumor 
microenvironment has not been fully understood yet. It is 
likely that transfer of exosomes among the cells in the tumor 
microenvironment could either induce or inhibit tumor pro-
gression depending on their source. Subsequently, we can 
divide exosomes according their origin into; good and bad 
exosomes. An example of good exosomes is the camel milk-
derived exosomes which in this study showed better antican-
cer effect (inhibition of the growth and metastatic potential of 
MCF7 cells) than camel milk. The phospholipid membrane 
enclosing exosomes protects exosomal contents (DNA, 
RNA, protein) from degradation by digestive enzymes and 
digestive system acidic condition.16 This gastric stability may 
explain better anti-cancer effect for exosomes when given 
orally than camel milk. The absorbed exosomes will take a 
few hours to reach the target and may undergo dilution, by 
distribution all over the body, before reaching the tumor tis-
sues. This can explain why locally injected exosomes in 
tumor tissues give better results than those given orally.

Conclusion

The present study demonstrated for the first time that admin-
istration of camel milk and its exosomes causes cell death of 
MCF7 cells through induction of apoptosis and inhibition of 
inflammation, oxidative stress, angiogenesis, and invasion/
metastasis. Thus, camel milk and its exosomes could be use-
ful in future as anticancer agent for cancer patients. However, 
additional investigations are required to confirm whether this 
treatment strategy is clinically relevant in human subjects.
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