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the feasibility of dendritic cells-
targeted biomimetic Texosomes as a therapeutic
and preventive tumor-vaccine

Kexin Li,* Shasha Chang, Xiuli Zhao and Dawei Chen

Targeting tumor cells with immunotherapy by a dendritic cells-targeted vaccination is a potential treatment

option. In previous research, we preliminarily proved the immune activity of hTERT-HSP70 loaded

DEC205McAb Texosomes on H22 hepato-carcinoma bearing mice. In this article, in order to further

verify the feasibility of DEC205McAb Texosomes as a new type of anti-tumor vaccine in clinical

treatment, we also inspected the vaccine's broad spectrum, the best immune period, the vaccine's

preventability, and moreover the influence of immune inhibitors on this vaccine. Anti-tumor immune

responses were evaluated by determining the tumor volume, mice survival rate, and the IL-12 and IFNg

antibody levels. Our results suggest that DEC205McAb Texosomes could also efficiently inhibit the

tumor growth of S180 ascites sarcoma bearing mice with a 7 day immune period, and we also found

that DEC205McAb Texosomes as an anti-tumor vaccine could achieve not only good therapeutic

treatment but also effective preventive performance. In conclusion, we hope that dendritic cells-

targeted anti-tumor vaccines could become a new approach in the field of cancer treatment and

prevention.
Introduction

Perhaps you have thought about the question: why can the
immune system prevent a lot of diseases, but can't inhibit
tumor growth in vivo? The answer is very simple, and is that the
lack of an effective anti-tumor response is one of the main
reasons for cancer progression.1–3 Aer all, most tumor cells
derive from the human body's self-proteins; the immune system
will not easily see them as foreign objects, and therefore will not
take the initiative to attack them.

The ideal tumor therapy would enhance the body's natural
defense against tumor cells, and at the same time destroy the
actual tumor. In past years, a number of strategies have been
used to enhance the immune responses of tumor vaccines,
including dendritic cells-based vaccines, which are rstly
separated from peripheral blood of tumor patients and pulsed
with cytokine genes or tumor associated antigen peptide in
vitro, and then retransfused into the body through veins.4–6 But
once dendritic cells are not mature enough, the various types of
cytokines will be weaker expression or no expression, as a result
T cells can't effectively be stimulated and activated, and more
seriously induce anergy or tolerance of T cells directly.

Chimeric Antigen Receptor T-cell technology (CART) is much
more potent than any other immune-based treatments being
studied.7–9 These engineered CART cells are then grown in the
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laboratory until they number in the billions. The proliferating
CART cells are then infused into the patient. Aer the infusion,
if all goes as planned, the T cells multiply in the patient's body
and, with guidance from their engineered receptor, recognize
and kill cancer cells that harbor the antigen on their surfaces.10

But the infused T cells could release cytokines, and if there is
a rapid and massive release of cytokines into the bloodstream,
which can lead to dangerously high fevers and precipitous
drops in blood pressure. Moreover, clinical trials demonstrate
that CART therapy is only more effective for leukemia.

At present, these two kinds of effective immune treatment
methods both need to extract the patient's immune cells
“dendritic cells or T cells” from peripheral blood and further
process in vitro, which means very high cost and poor patient
tolerance.11,12 So how to effectively immunize cancer patients
against specic tumor antigen by generating anti-tumor T cells
and inducing T-cell mediated cell immunity is an urgent
problem to be solved.13 What we should do rst is how to “tell”
the characteristics of the tumor antigen to immune system in
vivo, in addition allow body's immunocytes to actively search,
locate, attack and kill tumor cells.14

In the article we have published before, we indicate that
hTERT-HSP70 loaded DEC205McAb Texosomes could enhance
tumor specic immune responses on H22 tumor bearing mice,
which could trigger strong cytotoxic T lymphocyte reaction and
consequently inhibit the tumor growth.15 However, whether
nally DC-targeted biomimetic Texosomes could be used in
clinical as vaccination purposes in vivo, it is necessary to carry
RSC Adv., 2017, 7, 9465–9471 | 9465
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out a lot of further research and some critical variables are still
to be optimized, just as verifying the vaccine's broad spectrum,
investigating the best immune period of vaccine administra-
tion, exploring the vaccine's preventability, in addition discus-
sing the inuence of immune inhibitors on this vaccine.

Experimental
Materials

Phosphatidylcholine (PC) was purchased from Avanti Polar
Lipids (Shanghai, China), cholesterol (CH) was purchased from
Tianjin Bodi Chemical (China), dioleoyl phosphoethanolamine
(DOPE), 3-(N-(N,N-dimethylaminoethane)carbamoyl)choles-
terol (DC Chol), DEC205 monoclonal antibody (DEC205McAb)
were obtained from Sigma (UK), antigen peptide complex
hTERT-HSP70 was self-prepared in our lab.

Administration preparation

Dendritic cells targeted biomimetic Texosomes loading hTERT-
HSP70 as universal tumor antigen were prepared by micro-
emulsion and micelle assembling method just as we
described in previously published article.16 DEC205 monoclonal
antibodies were then covalently conjugated to the surface of
Texosomes to obtain DEC205 monoclonal antibodies coupled
biomimetic Texosomes (DEC205McAb Texosomes).17 The mean
diameter of DEC205McAb Texosomes was 92.73 � 7.69 nm and
the zeta potential was +21.0 � 4.48 mV. The encapsulation
efficiency was 87.27 � 5.55% and the conjugation efficiency of
DEC205McAb Texosomes was 59.77 � 6.72%.

In vivo immunization studies

Establishment of S180 tumor-bearing mice models. Healthy
female KMmice (weight, 18–22 g) were purchased from animal
center of Shenyang Pharmaceutical University in Liaoning
province, China. Animals were housed separately with free
access to food and water according to SPF standards. Animals
were maintained in accordance with the guidelines of Regu-
lations for the Administration of Affairs Concerning Experi-
mental animals, China, and approved by the Institutional
Animal Care and Use Committee (IACUC) of Shenyang Phar-
maceutical University. The tumor-bearing mice were produced
by inoculating a suspension of S180 cells (3 � 107 cells per ml)
subcutaneously into the right axillary fossa. When the tumor
reached a volume of 50 mm3, the mice were respectively
divided into different groups with six mice in each group.
Tumor length (a) and width (b) were measured with a caliper
every 3 days, and tumor volume (V, mm3) was calculated by:
V ¼ ab2/2. Determination of the antibody levels of IL-12 and
IFNg.

Mice blood samples were collected by retro-orbital puncture
aer different days of primary immunization and sera was
separated and stored at �70 �C for later analysis. The antibody
levels of IL-12 and IFNg were detected by ELISA kit in triplicate.
IL-12 and IFNg concentrations were determined from a stan-
dard curve plotted using known concentrations of standard IL-
12 and IFNg.
9466 | RSC Adv., 2017, 7, 9465–9471
Study of immune spectrum

Six groups of mice were immunized 3 times at 0th, 7th and 14th
day by abdominal subcutaneous with saline, HSP70 solution,
hTERT solution, hTERT-HSP70 solution, Texosomes and
DEC205McAb Texosomes containing 100 mg kg�1 of antigen.
Mice blood samples were collected at day 7, 14 and 21 by retro-
orbital puncture and sera was separated and stored at �70 �C
for later analysis to quantitatively detect the antibody levels of
IL-12 and IFNg by ELISA.

Study of immune period

The S180 tumor bearing mice were randomly divided into four
groups with six mice in each group. Three groups of mice were
immunized three times respectively with 2, 4 and 7 days inter-
vals by abdominal subcutaneous with DEC205McAb Texosomes
containing 100 mg kg�1 of antigen, and the mice in control
group was also administrated three times by saline in according
with 7 days cycle. Mice blood samples were then collected at
7th, 14th and 21st day.

Study of immune inhibitor

The S180 tumor bearing mice were randomly divided into
tacrolimus group, normal preparation group and saline group
with six mice in each group. Mice in tacrolimus group were
given 0.2 mg kg�1 tacrolimus suspension by oral administration
from 0th day to 20th day once every two days. Then tacrolimus
group and normal preparation group were immunized three
times respectively at 0th, 7th and 14th day by abdominal
subcutaneous with DEC205McAb Texosomes containing 100 mg
kg�1 of antigen, and saline group was immunized with saline
according to the same immune period. Mice blood samples
were also collected at 7th, 14th and 21st day.

Study of immune preventability

In order to investigate whether DEC205McAb Texosomes has
the function of preventive immunity, we respectively set up
advanced immune group, normal immune group and saline
group with six mice in each group. In advanced immune group,
healthy mice were immunized three times with DEC205McAb
Texosomes according to 4 days interval in advance, and then on
the second day aer the last immunization, mice were inocu-
lated tumor by a suspension of S180 cells (3 � 107 cells per ml)
subcutaneously into the right axillary fossa. We chose this day
as 0th day, then measured tumor volume every 3 days and
furthermore recorded survival rate. In normal immune group
and saline group, we directly selected tumor-bearing mice with
the tumor volume above 50 mm3. And the mice in normal
immune group and saline group were immunized respectively
with DEC205McAb Texosomes and saline at 0th, 7th and 14th
day, then we also measured tumor size every 3 days and recor-
ded survival rate.

Statistical analysis

All values in the present study were expressed as the mean �
standard error of the mean. Statistical analysis was performed
This journal is © The Royal Society of Chemistry 2017
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using OriginPro 8.5. Differences between two groups were
tested using a Student's t-test. Signicant differences between
the groups were expressed as follows: *p < 0.05, **p < 0.01.
Results and discussion
Verifying of broad spectrum

We select two representative models of tumor bearing mice,
respectively S180 ascites sarcoma and H22 hepato-carcinoma to
discuss whether the new designed tumor vaccine loading
universal tumor antigen peptide have broad therapeutic effect.
Although sarcomas and carcinomas both belong to malignant
tumors, their origins are different. The tumor originating from
epithelial tissue is carcinoma and the tumor originating from
mesenchymal tissue is sarcoma. There are many differences in
the origin, incidence, age of onset, predilection site, metastasis
pathway and prognosis effect. In previous article, we proved
DEC205McAb Texosomes could inhibit tumor growth and
prolong the survival of H22 tumor bearing mice.15 So in this
study, we further carried out the immune experiments on S180
tumor bearing mice. Fig. 1 showed that DEC205McAb Tex-
osomes could obviously inhibit the tumor growth and pro-
longed the survival period of tumor-bearing mice to 44 days
compared with the other ve groups, which indicates its excel-
lent anti-tumor effect. IL-12 as a mature DCs' signature cytokine
and IFNg as a CTL cytokine produced obviously higher levels,
which showed strong tumor-specic cytotoxic T lymphocytes
have been triggered and they would recognize the tumor cells
and generate effective anti-tumor immune response. Just as
professor Gillian Griffiths said, cytotoxic T cells have a pretty
important role to play in keeping your body healthy. They move
rapidly around their environment looking for cancerous cells.18

Once cytotoxic T cells recognize tumor antigen, they launch an
attack by binding to the cell and injecting it with poisonous
molecules called cytotoxins. Aer the cytotoxins are injected
into the cancer cells, its fate is sealed and it withers and dies.
Then T cells move on, hungry to nd another tumor cells. So we
conclude that biomimetic DEC205McAb Texosomes loaded
hTERT-HSP70 have therapeutic effects onmany kinds of tumors
and the new carriers have the potential to become a universal
vaccine against tumor with the same tumor antigen.
Fig. 1 The tumor volume (A), survival curves (B), the IL-12 levels (C)
and IFNg levels (D) of S180 tumor bearing mice treated with saline,
HSP70 solution, hTERT solution, hTERT-HSP70 solution, Texosomes
and DEC205McAb Texosomes. Statistical difference between two
groups was reported as: *p < 0.05, **p < 0.01 vs. DEC205McAb Tex-
osomes group.
Investigating of immune period

The production and strength of immune response are closely
related to the immune period. Against different antigens, the
best time for producing antibodies is also different. In this
article, we investigated the effects of different immune cycles on
the immune response in mice. Fig. 2(A) showed that within 15
days, obvious tumor growth inhibition effect could be obtained
by three groups of different immune periods as compared with
saline group. But to 2 day group, which initially could limit the
tumor growth, but aer 15 days, the inhibition effect gradually
decreased and the tumor volume increased signicantly. At the
same time, the tumor-bearing mice in 2 day group showed
severe immunological response beyond the tolerance range of
mice, and some symptoms of drowsiness, weight loss and
This journal is © The Royal Society of Chemistry 2017 RSC Adv., 2017, 7, 9465–9471 | 9467
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Fig. 2 The tumor volume (A), survival curves (B), the IL-12 levels (C)
and IFNg levels (D) of S180 tumor-bearing mice immunized according
to different immune periods of 2 days, 4 days and 7 days, meantime
saline groupwas chose as negative control by 7 days interval. Statistical
difference was reported as: *p < 0.05, **p < 0.01 vs. saline group.
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apathetic state occurred from the second immunization,
meanwhile mice died at 3rd, 5th, 8th and 10th day one by one.
The status of mice for 4 day group was also not good, just as
slowed to weakness, reduced feeding and fur was not glory.
Compared with the above two groups, the tumor bearing mice
in 7 day group were in better condition, the survival time was
longer, and the maximum length could be extended to
42nd day.

We simultaneously found that whether it was for IL-12 or
IFNg immune levels, there was a signicant difference between
any test group and the control group. The IL-12 and IFNg levels
of 2 day group were 34.30 � 3.88 pg ml�1 and 2314.68 � 224.1
pg ml�1 at 7th day, 26.07� 2.34 pg ml�1 and 1722.36� 285.3 pg
ml�1 at 14th day, 21.85 � 3.21 pg ml�1 and 1411.76 � 151.6 pg
ml�1 at 21st day, which told us that when the immunization
period was 2 days, the tumor-bearing mice produced a very high
level of immunity just at 7th day, moreover the rapid growth of
immune factors was beyond the scope of the immune tolerance
of mice, therefore, a serious immune response occurred. But
aer 7 days, the immune levels reduce rapidly, and the lower
immune factors could not inhibit tumor growth. With the
extension of the immune interval period, at 7th day we could see
that the IL-12 and IFNg levels of the 4 day and 7 day groups were
lower compared with those of the 2 day group, and the highest
immune levels occurred at 14th day to the 4 day group, then
decreased gradually, which is consistent with the result of the
tumor volume. But to 7 day group, the immune factor levels in
the serum of immuned mice gradually increased or maintained
stable accompany with immunization times, so the tumor-
bearing mice were well tolerated and the survival period was
longer.

Just as you known, the generation of an immune response
needed time. Aer 1–2 weeks of the antigen getting into the
body, the proliferation of T cells reached the peak, then T cells
came into the systole period and a few of them turned into
memory T cells.19

To 2 day and 4 day groups, the higher immune levels could
get from the beginning, but with the effector T cell apoptosis,
the antibody levels signicantly drop aerwards. But to mice of
7 day group, the body's immune system had enough time to
produce amoderate immune response and alsomaintain a high
level of immunity for a long time, so we chose the immune
period as 7 days. At the same time, we also think that the best
immune period is not only for S180 tumor cells, but also
appropriate for other tumor cells as long as they express the
same antigen peptide-Telomerase reverse transcriptase
(hTERT), because the body's immune reaction against the same
antigen should be similar, and the only difference is just the
different targeting tumor cells to kill.
Inuence of immune inhibitor

Tacrolimus is one kind of widely used immunosuppressive
agents, and it could inhibit the maturation of T lymphocytes
mainly through the inhibition of interleukin-2 (IL-2) release.20–22

In this research, tacrolimus is given to these mice as an
immunosuppressant, and we would like to investigate whether
This journal is © The Royal Society of Chemistry 2017
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the ability of DEC205McAb Texosomes to reduce the tumor
volume was affected. The results of Fig. 3(A) and (B) told us that
once the immune inhibitor was used, DEC205McAb Texosomes
would lost its anti-tumor immune function, and there was no
difference in tumor size and survival rate between the tacroli-
mus group and saline group. The output can clearly suggest that
the role of immune activation for DEC205McAb Texosomes is
achieved by activation of T lymphocytes.

There is a signicant difference between the normal prepa-
ration group and saline group on the levels of IL-12 and IFNg,
but the tacrolimus group was consistent with the saline group at
7th, 14th and 21st day, they both kept the IL-12 and IFNg at very
low levels all the time, that is to say the immunosuppressive
agent could interfere with the immune function of the immune
system and prevent the acquired immune response.

As was known to all, the production of IL-12 is a mature
symbol of dendritic cells.23 The low immune levels of mice in
tacrolimus group proved that dendritic cells remain blocked at
an immature stage of development, that is, they only have
strong phagocytic ability but not the antigen presenting ability
to T cells. While IFNg as a Th1 signature cytokine could activate
cytotoxic T lymphocyte to recognize the tumor cells and
generate effective anti-tumor immune response.24 And the low
IFNg level of tacrolimus group told us that tumor-specic
cytotoxic T lymphocytes could not be activated and so failed
to specic kill the tumor cells by releasing perforin. In conclu-
sion, the above results proved that DEC205McAb Texosomes
inhibit the cancer growth by the method of triggering strong
tumor-specic cytotoxic T lymphocyte reaction.
Fig. 3 The tumor volume (A), survival curves (B), the IL-12 levels (C)
and IFNg levels (D) of S180 tumor bearing mice immunized by normal
preparation group (normal), tacrolimus group (tacrolimus) and saline
group (saline). Statistical difference between two groups was reported
as: *p < 0.05, **p < 0.01 vs. saline group.
Exploring of preventive immunization

From the above experiments, we have demonstrated that
DEC205McAb Texosomes could effectively inhibit tumor growth
and prolong the survival period, so it could be used as thera-
peutic anti-tumor vaccine. At the same time, we are much more
interested in whether DEC205McAb Texosomes have the
preventive effect on tumor. Aer inoculating with S180 tumor
cells, 2 mice in advanced immune group had no growth tumors,
and the other 4 mice still remained small tumor volume, basi-
cally no growth. And the tumor volume of mice in normal
immune group immunized by DEC205McAb Texosomes
showed an increasing trend in general, but compared with the
saline group, the tumor size could be effectively controlled, just
as Fig. 4(A) showed. Survival curve told us that in normal
immune group, the survival period was prolonged to 42 days,
while the advanced immune group could be increased to 53
days. Meanwhile, the mice in these two groups were both in
good condition and did not appear excessive immune
symptoms.

The above results indicated that DEC205McAb Texosomes
have the effect of preventive immunization, and the production
or growth of tumor can be effectively suppressed aer immu-
nization in advance. We deduced that the reason was that once
DEC205McAb Texosomes was injected, it would stimulate the
immune system to produce tumor antigen-specic cytotoxic T
lymphocytes, so later even if tumor antigen was inoculated into
This journal is © The Royal Society of Chemistry 2017 RSC Adv., 2017, 7, 9465–9471 | 9469
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Fig. 4 The tumor volume (A), survival curves (B), the IL-12 levels (C)
and IFNg levels (D) of S180 tumor bearing mice immunized by the way
of advanced immune with DEC205McAb Texosomes (advanced
immune), normal immune respectively with DEC205McAb Texosomes
(normal immune) and saline (saline). Values were considered signifi-
cant when *p < 0.05, and **p < 0.01 vs. saline group.
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mice, cytotoxic T lymphocytes could actively search for tumor
cells and accurately kill them by releasing the perforin, there-
fore, prevented tumor growth and decreased the growth rate.
But the mice in normal immune group were immunized aer
the tumor formation, and solid tumors have already existed and
formed during the course of the immune system producing
immune response, so we could see that even if the DEC205M-
cAb Texosomes could control the speed of tumor growth to
a great extent and effectively inhibit the development of tumor,
but it still could not completely wipe out the solid tumors.
Therefore, DEC205McAb Texosomes has a certain role in the
prevention and treatment of tumors, especially it can be used as
a prophylactic vaccine against cancer.

Compared with the normal immune group, at 7th day, mice
in advanced immune group have showed very high levels of IL-
12 and IFNg. The reasons perhaps were that if DEC205McAb
Texosomes was immunized three times in advance, mice would
produce adaptive immune response. At the recognition stage, T
cells recognized the tumor antigen presented by dendritic cells,
and then in the activation and proliferation stage, T cells
gradually induced into tumor antigen-specic cytotoxic T
lymphocytes, meantime released the immune factors.25,26 That
was to say, before S180 tumor cells were inoculated, the in vivo
immune response was already formed, mature dendritic cells
and cytotoxic T lymphocytes had already existed. So, when the
mice were injected with S180 suspension, the body immediately
entered the effective stage, a part of memory T cells was awak-
ened and generated protective immune responses, meantime
cytotoxic T lymphocytes already presented in vivo would accu-
rately track and ultimately destroy tumor cells through specic
recognition of tumor antigens. So our results showed that, as
compared with solid tumors, cytotoxic T lymphocytes have
stronger lethality to free tumor cells, that is to say, once new
tumor cells appear in vivo, the activated CTL will immediately
look for and eventually kill them, which means that the prep-
aration has great potential as a preventive vaccine. More
signicant, as we known, while nowadays surgical treatment of
a localized tumor is oen successful, the treatment of meta-
static tumors remains a severe challenge, DEC205McAb Tex-
osomes we prepared here has the great advantage of nding free
tumor cells, so they could be used as a strong auxiliary method
of surgical treatment of tumor, effective prevent postoperative
metastasis of tumor.

Conclusion

The ability to immunize cancer patients against specic tumor
antigens by generating anti-tumor T cells and inducing T-cell
mediated cell immunity marked the beginning of immuno-
therapy in cancer treatment. A number of strategies have been
used to enhance the immune responses of tumor vaccine, in
this article we further tracked the feasibility of dendritic cells-
targeted biomimetic Texosomes as therapeutic and preventive
tumor-vaccine. The results told us that (1) DEC205McAb Tex-
osomes could inhibit tumor growth of mice with S180 ascites
sarcoma and H22 hepato-carcinoma, meantime prolong the
survival of tumor bearing mice which proved the vaccine have
This journal is © The Royal Society of Chemistry 2017
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broad spectrum. (2) For the universal tumor antigen-telomerase
reverse transcriptase, the optimal immune period of
DEC205McAb Texosomes for KM mice was 7 days, which not
only could ensure a better living condition, but also high levels
of immune factors. (3) The immune-stimulating effect of
DEC205McAb Texosomes was achieved by activation of T
lymphocytes, because immune-suppressant tacrolimus could
make the body appear immune tolerance state. (4) DEC205M-
cAb Texosomes also had the effect of preventive immunity,
which could effectively suppress tumor formation or inhibit
tumor growth to a great extent. At present, surgical resection
operation is the best treatment method to cure tumor, but it still
has a high recurrence rate, even to some early found tumors or
the radical resection tumors, the recurrence rate is still high,
seriously affecting the effects of short-term and long-term
operation. This research proved that DEC205McAb Texosomes
can not only achieve the effective prevention or early treatment
to a variety of tumors, but also can be used as auxiliary means of
surgical treatment, eliminate metastases and some free tumor
cells, which has prominent effect on preventing recurrence aer
operation and tumor metastasis. In a word, DEC205McAb Tex-
osomes would open a new chapter in the prevention and
treatment of cancer.
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