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Abstract Dendritic cells (DCs) are the most professional
antigen-presenting cells of the mammalian immune system.
They are able to phagocytize, process antigen materials,
and then present them to the surface of other cells including
T lymphocytes in the immune system. These capabilities
make DC therapy become a novel and promising immune-
therapeutic approach for cancer treatment as well as for
cancer vaccination. Many trials of DC therapy to treat
cancers have been performed and have shown their
application value. They involve harvesting monocytes or
hematopoietic stem cells from a patient and processing
them in the laboratory to produce DCs and then reintro-
duced into a patient in order to activate the immune system.
DCs were successfully produced from peripheral, umbilical
cord blood-derived monocytes or hematopoietic stem cells.
In this research, we produced DCs from human menstrual
blood-derived monocytes. Briefly, monocytes were isolated
by FACS based on FSC vs. SSC plot from lysed menstrual
blood. Obtained monocytes were induced into DCs by a
two-step protocol. In the first step, monocytes were
incubated in RPMI medium supplemented with 2% FBS,
GM-CSF, and IL-4, followed by incubation in RPMI
medium supplemented with «-TNF in the second step.
Our data showed that induced monocytes had typical
morphology of DCs, expressed HLA-DR, HLA-ABC,
CD80 and CD86 markers, exhibited uptake of dextran-
FITC, stimulated allogenic T cell proliferation, and released
IL-12. These results demonstrated that menstrual blood can
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not only be a source of stromal stem cell but also DCs,
which are a potential candidate for immune therapy.
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Introduction

Dendritic cells (DCs) were firstly discovered by Steinman
and Cohn (1973). Until now, many studies had been
performed to identify the origin, phenotypes, and functions
of DCs as well as their subtypes. DCs are one of antigen-
presenting cells. They act as messengers between the innate
and adaptive immunity.

In the body, DCs originated from hematopoictic bone
marrow progenitor cells. In the differentiation process,
these progenitor cells initially transform into immature
dendritic cells (imDCs). These cells are characterized by
high endocytic activity and low T-cell activation. They can
engulf viruses and bacteria in the surrounding environment
through pattern recognition receptors and toll-like receptors
(TLRs) are one of them. ImDCs probably also originated from
monocytes, a type of leukocytes which circulate throughout
the human body. When recognizing the suitable signals,
monocytes will turn into either DCs or macrophages.

In vitro DCs can be successfully generated from
monocytes or CD34-positive hematopoietic stem cells
(HSCs) from bone marrow, peripheral blood, and umbilical
cord blood (Reid et al. 1990; 1992; Caux et al. 1992;
Bender et al. 1996; Romani et al. 1996; Rosenzwajg et al.
1996; Strunk et al. 1996; Morse et al. 1997; Lutz et al.
1999; Thurner et al. 1999; Kyung et al. 2004). A widely
used procedure is to induce monocytes or HSCs into
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imDCs by plating them in a tissue culture flask and treating
with interleukin 4 (IL-4) and granulocyte-macrophage
colony-stimulating factor (GM-CSF) for 1 wk. Further
treatment with tumor necrosis factor alpha («x-TNF) helps
imDCs differentiate into mature DCs.

DC therapy for cancer treatment is based on the use of DCs
to present tumor antigens to naive T cells. Subsequently, T
cells trigger tumor-specific immune response. In this strategy,
monocytes or HSCs are firstly harvested from umbilical cord
blood, bone marrow, or peripheral blood from patients and
induced to DCs. In a synchronous manner, tumors are isolated
from patients. DCs are then primed with antigen juice. Lastly,
DCs presenting tumor-specific antigens are transplanted into
patients to cause immune response to attack tumors (Steinman
and Dhodapkar 2001). DC therapy can be used to treat not
only cancers but also persistent infection and autoimmune
diseases (Nestle et al. 1998; Lodge et al. 2000; Byrne and
Halliday 2002; Jin-Kun et al. 2002; Akbar et al. 2004; Onji
2004; Ding et al. 2010).

As applications using DCs are increasing significantly,
sufficient DC production becomes more imperative. DC
sources from umbilical cord blood and bone marrow
provide many advantages but also inevitable drawback.
For instance, only few people had their own umbilical cord
preserved or patients in many reported cases with severe
bone marrow suppression could not provide enough
immune cells for transplantation. In this study, we investi-
gated production of DCs from menstrual blood, a novel cell
source for DC therapy.

Menstrual blood is a highly renewable source. Every
month, endometrium can be thickened 5—7 mm and provide
40-60 ml of blood (McLennan and Rydell 1965). Menstrual
blood is recognized as an abundant source of cells that can
notably differentiate into several lineages. There are several
reports indicating that endometrium contains a cell popula-
tion which have replicating ability and pluripotent differen-
tiation potential similar to bone marrow-derived stem cells
(Schwab et al. 2005; Du and Taylor 2007; Gargett 2007;
Schwab and Gargett 2007; Wolff et al. 2007). We realize that
menstrual blood also includes hematopoietic stem cells and
is a plentiful supply of monocytes which are precious
material to produce DCs for DC therapy.

Material and Methods

Menstrual blood collection. Menstrual blood was obtained
from healthy women. All donors must have signed an
agreement with our laboratory prior to donation. To collect
menstrual blood, a female volunteer inserted provided
menstrual cup in place of a tampon. This cup could be
retained for 2-3 h to collect next samples since every
woman normally gave two to three times of the menstrual

fluid. Blood fluid then was cautiously transferred into 15-ml
Falcon tube containing 2 ml of PBS supplemented five times
antibiotic/mycotic solution (Sigma-Aldrich, St Louis, MO.).
This tube was kept on ice and quickly moved to the laboratory.
This sample was tested for bacterial and fungal contamina-
tion. Only the samples negative with both bacteria and fungi
were further processed.

Isolation of monocytes and CD4" T cells. Blood which
passed all contamination and quality tests was lysed with
PharmLyse solution (BD BioSciences, San Jose, NJ) to
eliminate erythrocytes. Mixtures of remaining cells were
fractionated by carefully layering suspension over Ficoll-
Paque and centrifuging at 1,800 rpm for 10 min. Afterwards,
mononuclear cell segment in the interphase of tube was
obtained. This segment was analyzed with a FACSCalibur
using CellQuest Pro software to locate monocyte population
based on FSC versus side scatter (SSC) diagram. For
isolation of CD4" T cells, mononuclear cell segments were
stained with anti-CD4-fluorescein isothiocyanate (FITC)
antibody (Santa Cruz Biotechnology, Santa Cruz, CA) and
analyzed through flow cytometer. CD4" T cells were
considered as a sub-population expressing FITC fluorescent
signal on SSC versus FL1 diagram. Monocytes and CD4" T
cell population were isolated by catcher tube based cell
sorter in FACSCalibur cytometer (BD Bioscience). Sorted
populations were re-evaluated for their purification level.
Only the samples with a purity of >95% were used for
further research.

Cell culture and differentiation. Monocytes were differen-
tiated into dendritic cells by a two-step protocol. In the first
step, monocytes (5 x 10°cells/ml) were cultured in the RPMI
1640 medium (Sigma-Aldrich) supplemented with 10%
heat-inactivated FBS, L-glutamine, HEPES, 50 mM 2-ME,
100 U/ml penicillin and 100 pg/ml streptomycin (Sigma-
Aldrich), 20 ng/ml IL-4, 10 ng/ml GM-CSF (Santa Cruz
Biotechnology) in 5-6 d to produce imDCs. Culture
medium was changed every 3 d until the end of experiment.
In the second step, TNF-« (50 ng/ml; Santa Cruz
Biotechnology) was added to the culture medium at day 5
and cells were incubated for further 24 h.

Immune phenotype analysis of DCs by flow cytometry.

Induced cells were washed two times with PBS supplemented
with 1% BSA (Sigma-Aldrich). The Fc receptor on the cell
surface was blocked using IgG (Santa Cruz Biotechnology) on
ice for 15 min. Cells were stained for 30 min at 4°C with the
following antibodies conjugated with FITC: anti-HLA-DR,
anti-HLA-DQ, anti-CD40, anti-CD80, and anti-CD86
(BDBiosciences Pharmingen, San Diego, CA). After washing,
cells were analyzed with FACSCalibur flow cytometer (BD
Bioscience). To determine the efficiency of differentiation
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of monocytes, we evaluated the percentage of cells positive
with CD80 and CD86 markers. The percentage of cells that
were positive with both markers was considered as
differentiating efficiency. This evaluation criterion was
based on properties of mature dendritic cells which would
express both markers. The experiment was repeated five
times. The average value was defined as the efficiency of
this process. To assess the co-expression of two markers,
we used the anti-CD80 and anti-CD86 antibodies conju-
gated with different dyes (CD80-PE and CD86-PerCP) to
make dual-platform analysis.

Dextran-FITC uptake assay. To measure the phagocytic
capacity of DCs, 5x10* cells were incubated with Dextran-
FITC (0.1 mg/ml; Sigma-Aldrich) in 100 pl of culture
medium at 37°C and 0°C which served as negative control
for 4 h. Cells were washed with cold PBS supplemented
with 1% BSA four times before flow cytometry analysis.
Phagocytosis ability of DCs was assessed by the appear-
ance of cell populations expressing FITC fluorescent signal.

Stimulation of CD4" T Ilymphocyte proliferation. The
assessment was performed in the different groups with the
ratio of DC/lymphocytes as follows: 0.25:100, 0.5:100,
1:100, 2:100, and 8:100. Control groups are DC+PHA
(phytohemagglutinin, Sigma-Aldrich, St Louis, MO), PHA,
and PHA +lymphocytes. PHA concentration is 50 mg/L. The
experiment was conducted on 96 wells (Nunc, Roskilde,
Denmark) and repeated four times.

MTT assay to measure the ability of lymphocyte prolifera-
tion. Twenty microliters of MTT (5 g/L; Sigma-Aldrich)
was added into each well of 96-well plates, followed by
incubation for 4 h, and addition of 150 ul of DMSO
(Sigma-Aldrich). Plates were then mixed well for 10 min
until the crystals dissolved completely. Absorption values
(A-value) for each well was measured at a wavelength of
490 nm using micro-plate reader DTX 880 (Beckman
Coulter, GmbH, Krefeld, Germany). An offset value of A
and absorption value of control group (DC+PHA) would
reflect lymphocyte proliferation. An offset value of absorp-
tion in lymphocyte+PHA and PHA group showed prolif-
eration of lymphocytes in the control group. All results
were analyzed by Staraphic 7.0 software.

Quantity of production of cytokines/chemokines. To detect
the secretion of cytokines, monocytes after induction with
GM-CSF and IL-4 were further induced with TNF-« (in the
second step) as described above in culture medium in 24-well
plates for 24 h. Supernatant was collected and frozen at —80°C
until analysis. The quantity of cytokine IL-12 in the
supernatant was determined by ELISA kit (BD Bioscience)
and read on a DTX 880 (Beckman Coulter, CA).
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Results

Induced cells expressed phenotypic characteristics of DCs.
Through observing cultured cells, we noticed that mono-
cytes formed small groups similar with the culture of
monocytes from human bone marrow or umbilical cord
blood (Inaba et al. 1992a, b; Romani et al. 1994; Sallusto
and Lanzavecchia 1994). These small groups adhered
weakly to flask surface at day 2 and became compact at
day 5. Most of the cells had expanding cytoplasm and small
dendrite-like structure (Fig. lc, d).

Morphologically, the differentiated cells shared some
characteristics of DCs. These cells had relatively uniform
shape with large heterogeneity of nuclei, many mitochon-
dria and vacuoles, and relatively few particles in the
cytoplasm. Cell shape is comparable to DCs produced from
umbilical cord blood or bone marrow but very different
from the mononuclear cells (Fig. 1). Likewise, the results to
show surface marker expression from flow cytometry
displayed that immune phenotype of induced cells and
DC isolated from fresh umbilical cord blood are the same.
These cells expressed HLA-DQ, HLA-DR, CDS86, and
CDS80. The percentage of positive cells that expressed both
CD80 and CD86 was 68.92+2.59% (n=5; Fig. 2).

Differentiated DCs from monocytes were in vitro functio-
nal Antigen phagocytosis. For functional analysis, we
measured in vitro the phagocytosis ability of DCs.
Phagocytosis activity was assessed by measuring the ability
of cells that can consume dextran-FITC. Our data showed
that monocytes after induction increased their phagocytosis
ability from 6.1+2.5% to 48.3+14.9% (p=0.05). Mean-
while, it was only 5.1+1.3% (n=3) in the group where cells
were cultured in the medium without GM-CSF, IL-4, and
TNF-o. In addition, cells cultured at 0°C could not engulf
dextran-FITC (Figs. 3 and 4).

Induced monocytes stimulated T lymphocytes. The expres-
sion of CD80 and CD86 on the surface of the DCs associated
with the activity of activated T lymphocytes. Results showed
that induced DCs from monocytes with cytokines GM-CSF,
IL-4, and TNF-oc triggered T cell proliferation. Figure 5
proved that the activity of DCs had statistically significant
difference compared to control group (p<0.05) and aug-
mented when DC concentration increased (p<0.05).
A-values (Fig. 5) are offset of OD (Optical Density)
values measured in the control samples (lymphocyte+PHA)
and experimental groups. Because PHA is the strongest
stimulant of lymphocytes, OD value of control sample is the
greatest. Therefore, A-value is smaller if the growth capacity
of experimental cells is higher. In a similar manner, A-value
is larger if the ability to stimulate by DC is lower. Through
experimental results, we found that DCs differentiated from
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Figure 1. Monocytes were
obtained from menstrual blood
before (@) and after (b) culture
3 d after inducing into DCs at
the first step (c¢) and second step

(@.

monocytes of menstrual blood had the ability to stimulate
lymphocyte cells in vitro. This ability depended on the ratio
of mixing between DCs and lymphocyte cells. The more
DCs were added, the more lymphocytes were stimulated.
Activity of stimulating lymphocyte proliferation is a
critical characteristic of DCs in vivo. This feature helps to
enhance immunity in cancer treatment, thus is a key point
for success of application. This activity of DCs was also

demonstrated in the DC derived from umbilical cord blood
CD34-positive cells (Miralles et al. 1998), human mono-
cytes from the bone marrow (Reid et al. 1992; Mayordomo
et al. 1995; Marta et al. 1999; Carine and Shevach 2005).
The activity of DCs in this study is consistent if compared
with those differentiated from umbilical cord blood CD34-
positive cells (Ferlazzo et al. 2000; de Vries et al. 2002;

Kyung et al. 2004).
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Figure 2. Marker expression profile of monocytes before (a) and after (b) inducing. Induced monocytes expressed CD80, CD86, HLA-DR, and

HLA-ABC markers.
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Figure 3. Percentage of induced monocytes consuming dextran-
FITC. I control, cells were incubated with dextran-FITC at 0°C;
2 monocytes were incubated with dextran-FITC; 3 induced monocytes
were incubated with dextran-FITC. *P=0.5; **P=0.05.
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Induced monocytes produced IL-12 To determine the
mechanism of activated T cell proliferation, this study
evaluated secretion of interleukin after inducing. 1L-12 is
the most important interleukin in the activation of T
lymphocytes. In fact, DC cells always interact with other
cells in the body. This interaction can be direct by cell—cell
communication based on the interaction of surface proteins
as described above through B7 (CD80 or CD86) with
CD28 on lymphocytes or occurs in a greater distance
through cytokines. Typically, DC cells after induction with
antigens would produce IL-12 (Reis e Sousa et al. 1997).
IL-12 is a signal to induce CD4" T cells into Thl
phenotype. Then, it activates the immune system to attack
antigens that were presented by DCs. IL-12 quantity
analyzed by ELISA (Fig. 6) showed that there was a
statistically significant difference (p<0.5) between mono-
cytes with and without cytokine treatment.

Discussion

DCs are the most professional antigen-presenting cells in
our body. Unlike macrophages, they have capability to
present antigens not only to T cells but also to B and natural
killer (NK) cells. Within our biological system, DCs can be
differentiated by hematopoietic stem cells. These stem cells
are firstly induced into immature DCs (imDCs). When there
is any stimulation by risk factors through TLRs, imDCs
will phagocytose small portions of membrane of those
inducers through a process called nibbling. Subsequently,
small fragments are processed and sent to present at their
cell surface using major histocompatibility complex (MHC)
molecules. At this step, DC maturation is completed.

In the mature stage, DCs express CD80 (B7.1), CD86
(B7.2), and CD40. These are essential co-receptors to
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Figure 6. IL-12 concentration of groups. Before (control), the samples
(n=5) of monocytes before inducing with cytokines, affer the samples
of monocytes after inducing with cytokines. IL-12 concentration of

induced groups significantly increased compared to control group.

stimulate T cell activity. By the expression of mentioned co-
receptors, DCs have the power to provoke memory T and
naive T cells as well as other forms of T cells. Hence,
appearance of these surface proteins is prerequisite for DCs
to perform their functions in activating other immune cells.
Numerous studies which created DCs from monocytes or
hematopoietic stem cells from umbilical cord blood, bone
marrow, or peripheral blood succeeded in enhancing the
expressivity of these markers (Romani et al. 1996; Reddy et
al. 1997; Reis e Sousa et al. 1997; Ferlazzo et al. 2000;
Zheng et al. 2000; Goriely et al. 2001; Liu et al. 2002). In
this current report, we proved that our DCs also expressed
similar proteins with CD80 and CD86 as examples. This is
the evidence to conclude that induced cells have the
capacity to excite other cells in the immune system,
especially naive T and memory T cells.

The point can be proved by our results of investigation
in the ability of DCs to activate T cell. Obviously, in the
experiment to stimulate CD4" T cells by induced mono-
cytes, we could see remarkable T cell proliferation when
DCs were co-cultured with CD4" T cells extracted from
blood samples. Furthermore, T cell increase was dosage-
dependent when same amount of T cells was mixed with
variable numbers of DCs. This trend was led by direct
interaction between DCs and CD4" T cells through CD80
and CD86 co-receptors.

However, it is known that stimulation of DCs on T cells
is not only through direct interaction but also in a far
distance by cytokine signal which is released by DCs. In
our body, IL-12, one of important interleukins, is produced
either by DCs or by macrophages and B cells. IL-12
initiates differentiation of naive T into ThO and then into
Thl and Th2 cells. IL-12 also plays a pivotal role in
activities of NK and T cells. It intensifies toxicity by NK
cells and CDS8" T cells. Fortunately, DCs from menstrual
blood can do a good job in releasing IL-12. Data from this
study indicated that induced DCs with a suitable cocktail of
cytokines had a significant elevation in IL-12 secretion.
This evidence again supports our conclusion about authen-
ticity of DCs from menstrual blood.

Not only did induced DCs from menstrual blood have DC-
like shape and ability to activate T cells, they also had the
capacity of phagocytosis and antigen presentation, which are
indispensable for DCs to perform their functions in immune
therapy. In this report, we showed feasible phagocytosis by
DCs through dextran uptake assay. After 120 min of
incubation with dextran, 47.78% of DCs have taken dextran
and expressed strong fluorescent signal. Additionally, we
observed that cells after induction expressed MHC II (HLA-
DR and HLA-ABC). This is a critical protein complex which
serves as co-receptors and antigen-presenting region. The
expression of HLA-DR and HLA-ABC along with phagocy-
tosis ability after induction indicated that DCs from menstrual
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blood can phagocytize, process, and present antigens at the
cell surface with MHC 1I proteins.

Hence, we created functional DCs with all typical character-
istics of normal DCs. Those are DC-like shape, ability to
phagocytize, process, and present antigens to stimulate other
cells in immune system, especially T cells through direct cell-
cell interaction or IL-12 secretion in far distance.

Due to masterful capability in antigen presentation, DCs
were widely used to treat cancer diseases. Clinical trials
utilizing DCs to initiate a specific immune reaction have
been conducted to treat lung, skin, prostate, and kidney
cancers. Nowadays, common DC sources can be achieved
from bone marrow, peripheral blood, and recently, from
umbilical cord blood. Though production of DCs from
those origins is relatively simple, some disadvantages need
to be considered. Noticeably, limitedness of monocytes or
HSCs obtained by those methods can greatly reduce
efficiency of application. Large-scale production of DCs
from those sources for repeated transplantation which is
required for older or weak patients grouped in late stage or
end-stage diseases will be a real hindrance. Moreover,
umbilical cord blood preservation is still not commonplace
within contemporary society. From this point of view, we
expect that menstrual blood can be a potential substitute for
DC source. In the current study, we realized that cell
population which was positive for both CD80 and CD86
reached 68.92+2.59% after induction. Generally, every
month, a woman can give 40-60 ml of menstrual blood,
which was previously considered as a sanitary waste. This
amount of blood is approximately similar to the volume we
can get from one aspiration of umbilical cord blood or bone
marrow. As a result, enormous amounts of DCs are
produced since 450-720 ml of menstrual blood can be
gained each yr.

Nevertheless, efficacy to produce DCs (68%) from this
research is still relatively low indeed. Thus, further studies
need to be performed to optimize differentiation efficiency.
The ultimate aim is to demonstrate antigen presentation and T
cell stimulation as well as therapeutic effects in vivo and in
clinical application by induced DCs from menstrual blood.

Therefore, the results from this study showed that
menstrual blood is a new and useful source of DCs for
research and application.

Conclusion

To conclude, we have successfully created DCs from
menstrual blood-derived monocytes in this study. These
cells exhibited the basic characteristics of functional DCs
such as phagocytosis of antigen, processing antigen and
presenting them in MHC II (HLA-DR and HLA-DQ),
and stimulating autogenic T lymphocytes through CD80

@ Springer

and CD86 proteins and IL-12. These results will be a
premise for the next evaluation as well as their
applications in trials.
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