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Abstract. Dendritic cells (DCs) are crucial in the develop-
ment of immune responses. DC JAWS 1I is a murine cell line
frequently used in DC studies. These cells are grown in two cell
fractions: Adherent and non-adherent. The present study aimed
to compare these two fractions in both immature and lipopoly-
saccharide (LPS)-activated JAWS II cells. The present study
analysed the condition, phenotype, antigen uptake capability,
signalling properties and the influence on the activity of T cells
using flow cytometry, mixed cell reaction and ELISA methods.
Adherent immature JAWS II cells exhibited increased endocy-
tosis and decreased activation of the Pi3K signalling pathway.
After LPS activation, adherent JAWS II cells exhibited increased
expression levels of CD80 and CD86 costimulatory molecules,
increased endocytosis and an elevated ability to induce T cell
proliferation, compared with non-adherent cells. These results
demonstrated that the two fractions of JAWS II adherent and
non-adherent cells exhibited different properties and this should
be taken into account in the planning of research.

Introduction

Dendritic cells (DCs) are a major group of antigen presenting
cells (APC). They play a crucial role in the development of
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anti-pathogen, anti-cancer and tolerogenic immune responses.
DCs have potential in the treatment of autoimmune diseases
and cancer. One of promising tools to investigate dendritic
cells biology are DC lines such as JAWS II. JAWS II cells are
immature DCs isolated from p53-deficient (p53-/-) C57BL/6
mouse bone marrow cells. Using murine cell lines is very
useful due to high cell yields which facilitate experiments and
allow repeated measurements. JAWS 1I cells are being used
successfully in DC research on cancer vaccine delivery (1),
anti-tumour effect (2), immunoparasitological study (3,4)
and others (5-11). Immunotherapeutic vaccines show a prom-
ising weapon in the fight against cancer, especially when
a personalized approach to the patient's disease is required.
DC immunotherapy is very intensively researched as a form
of cancer treatment (12,13). DC-based immunotherapy is
created on functional activity of APC to develop an effective
immune response against cancer with participation of T cells.
In clinical studies, individuals with diseases like melanoma,
breast cancer, prostate cancer, leukemia, and others are treated
using DC cells-based vaccines (14).

The induction of adequate immunological responses is
mostly dependent on the activation status of DCs. Immature,
semi-mature and fully mature cells show different phenotypes
and functions. DCs can induce tolerogenic or immunogenic
response (15). In cancer immunotherapy, mature DCs with high
ability to activate T cells with cytotoxic activity are expected.
Maturation of dendritic cells results in increased expression of
costimulatory e.g. CD40, CD80, CD86 and MHC molecules,
decreased antigen internalization, changes in morphology of
cells, as well as secretion of cytokines and chemokines. They
drive T cell differentiation (16). Activation and maturation
of dendritic cells can be induced by proinflammatory factors
derived from bacteria e.g. lipopolysaccharide (LPS). Dendritic
cells are still mysterious and can cause experimental difficul-
ties. DC cultivation forms two fractions-non-adherent and
adherent. Adherence as well as activation status can influence
cell potential and properties. Yet some research conducted
on dendritic cell lines does not describe which fractions of
cells have been used. This information can be crucial in the
interpretation of results, especially as human non-adherent
and adherent monocyte-derived dendritic cells (mo-DCs)
show differences in purity, surface markers expression, ability
to process antigen and to stimulate T cells (17). Similarly,
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adherent and non-adherent murine bone marrow-derived
dendritic cells differ (18).

Here, for the first time we are comparing non-adherent
and adherent cell fractions of the DC line JAWS II. The
study's objectives is to define their characteristics and differ-
ences which is important in the interpretation of the results
of experimental studies on immunotherapy. We determined
the condition, phenotype, antigen uptake capability, signal-
ling properties and the influence on the activity of T cells of
non-adherent and adherent cell fractions of JAWS II. To deter-
mine the properties of these cells in immature (non-activated)
and activated status, we used LPS as a common DC stimulant.

Materials and methods

JAWS II cells culture. Immature JAWS II cells isolated from
p53-deficient (p537") C57BL/6 murine bone marrow cells
were purchased from the American Type Culture Collection.
JAWS 11 cells were then cultured in humidified atmosphere at
37°C and 5% CO, in RPMI-1640 medium with L-Glutamine,
20% inactivated FBS, penicillin (100 U/ml), streptomycin
(100 pg/ml) (Biowest) and 5 ng/ml GM-CSF (PeproTech). The
cells were passaged twice a week. JAWS I cells were cultured
at 5x10°/ml in 75 cm®bottles or 24-well plates for 24 h. The cells
were then activated with 2 yg/ml LPS from Escherichia coli
055:B5 (Sigma-Aldrich; Merck KGaA) for 48 h. The cells were
divided into two fractions: non-adherent-cells suspended in the
medium and adherent cells-adjacent to the substrate. The exper-
iment examined four groups of cells: immature (non-activated)
adherent and non-adherent JAWS 11, as well as LPS-activated
adherent and non-adherent cells. The non-adherent cells were
collected and adherent cells removed with non-enzymatic
cell detachment solution. After 48 h of culture, the cells were
collected and washed twice in ice-cold PBS for analysis on
a Muse Cell Analyzer (Merck Millipore). The Muse Count
and Viability Kit provide rapid and reliable determinations
of viability and total cell count. The ratio was calculated by
dividing the number of non-adherent cells by the number
of adherent cells. Apoptosis was examined with the Muse
Annexin V & Dead Cell Assay. Phosphoinositide-3-kinase
(Pi3K) and mitogen-activated protein kinase (M APK) signal
pathway activation was analysed with the Muse PI3K/MAPK
Dual Pathway Activation Kit based on the percentage of Akt
and ERK1/2 activated cells. All procedures were performed
according to the manufacturer's guidelines.

Phenotypic characterisation by flow cytometry. JAWS 11
cells were characterised by flow cytometry. The following
fluorochrome-conjugated monoclonal antibodies were used
according to the manufacturer's protocols: CD11c-SB436
(clone N418; eBioscience), CD40-SB600 (clone 1310;
eBioscience), CD80-APC (clone 16-10A1, eBioscience),
CD86-eFluor780 (clone GL1; eBioscience) and MHC II-FITC
(clone NIMR-4; eBioscience). Fixable Viability Dye (FVD)
eFluor 455UV (eBioscience) was used as a vital dye to exclude
dead cells. Briefly, cells were collected, washed and resus-
pended in PBS (pH 7.2). Next, the cells (1x10°) were incubated
with appropriate monoclonal antibodies for 30 min in the
dark at 4°C. Following this, the cells were washed twice with
Cell Wash (Becton-Dickinson) containing 0.5% bovine serum

albumin (BSA, Biowest) and acquired on a CytoFLEX LX
(Beckman Coulter), calibrated daily using CytoFLEX Daily
QC Fluorospheres (Beckman Coulter). Compensation settings
were conducted using single-stained cells or the VersaComp
Antibody Capture Bead Kit (Beckman Coulter). The following
gating strategy was used: A time gate was initially applied to
exclude any electronic noise and artifact. Next, based on size
and granularity, JAWS II cells were gated in a forward scatter
area (FSC-A) vs. side scatter area (SSC-A). Then, doublet
cells were excluded using FSC-A/FSC-height (FSC-H),
FSC-A/FSC-Width and SSC-A/SSC-height (FSC-H) param-
eters. Within the singlet cell population, viable JAWS II were
gated based on the dim expression of the Fixable Viability Dye
(FVD), followed by expression of examined markers: CD8O0,
CD86, MHCII or CD40. In all the experiments at least 100,000
events were analysed for each sample. Positive staining and
the gating strategy was determined by the comparison to the
unstained control and the fluorescence minus one (FMO)
controls. Data was analysed using Kaluza Analysis Software
version 2.1 (Beckman Coulter). The results were shown as the
percentage of positively labelled cells and the mean fluores-
cence intensity (MFI) calculated by CytoFLEX LX.

Endocytosis assay. To determinate the ability of cells to take
up, fluorescein isothiocyanate-conjugated dextran (FITC-DX
70,000, Sigma-Aldrich; Merck KGaA) was used. The cells
(1x10%) were incubated with FITC-DX (2 mg/ml) for 50 min
at 37°C (control plate at 4°C). At the end of the incubation, the
cells were collected and washed three times by centrifugation
at 4°C in PBS (5 min, 300 x g) and re-suspended in 0.1 ml
ice-cold PBS (pH 7.2) with 0.5% BSA for flow cytometry
analysis.

T cell isolation and mixed lymphocyte reaction (MLR). Male
C57BL/6 mice were euthanized by cervical dislocation and
their spleens isolated aseptically (n=8). The spleens were
pressed through a nylon cell strainer (BD Falcon) to produce a
single-cell suspension. Erythrocytes in the cell suspension were
depleted with red blood cell (RBC) lysis buffer. Lymphocytes
were purified using a MagniSort Mouse T cell Enrichment
Kit (Thermo Fisher Scientific) according to the manufac-
turer's protocol. The purity was determined by flow cytometry
(CytoFlex LX, Beckman Coulter) using the CD3-eFluor506
monoclonal antibody (clone 17A2; eBioscience) post isolation.
The T cells were then stained with Cell Proliferation Dye
eFluor 670 (CPD; eBioscience) and 1x10° T cells cocultured
with 1x10° adherent or non-adherent JAWS 11 cells (ratio 10:1)
in 24-well plates for 120 h in the culture medium described
above (37°C, 5% CO,). After culturing, the supernatants were
collected for enzyme-linked immunosorbent assay (ELISA),
then the cells were harvested and labelled with CD3-eFluor506
monoclonal antibody (clone 17A2; eBioscience) in order to
identify T cells. All procedures were performed according to
the manufacturer's protocols. The cells were prepared for flow
cytometry analysis and analysed as described above.

Cytokine detection in cell culture. An ELISA method was used
to determine IL-6, IL-10, IL-17A, IFN-y and TGF-f31 cytokine
levels in cell-free supernatants according to the manufacturer's
guidelines (e-Biosciences, Thermo Fisher Scientific). For the
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Figure 1. Percentage, viability, ratio and apoptosis of adherent and non-adherent JAWS II cells. JAWS II cells were activated with LPS (2 ug/ml). (A) The
number of non-adherent and adherent cells and (B) their viability were evaluated using the Muse Count and Viability Kit (Muse Cell Analyzer). The data
are presented as percentage of live cells + SD. (C) The ratio was calculated by dividing the number of non-adherent cells by the number of adherent cells.
(D) Apoptosis was evaluated using The Muse Annexin V and Dead Cell Assay and presented as the percentage of late apoptotic/dead cells + SD, N=6. The
lines indicate significant differences. "P<0.05, “P<0.01, “"P<0.001 and “*“P<0.0001. LPS, lipopolysaccharide.

TGF-B1 measurement, the samples were acidified, and the
latent and active cytokine excreted into the culture medium
measured in each sample. The colorimetric reaction was deter-
mined at 450 nm using the Synergy™ H1 Microplate Reader
(BioTek). The mean optical densities (OD) of the triplicate
cultures were compared with the standard curves prepared
using recombinant cytokines.

Statistical analysis. The significance of the differences
between two groups was determined by the Student's unpaired,
two-tailed t-test. The two-way analysis of variance (ANOVA)
was used for multiple group comparisons (GraphPad Software
Inc.). The ANOVA was followed by Tukey's post hoc analyses.
Data were expressed as mean + SD. A P-value of <0.05 was
considered to be statistically significant.

Results

Viability of adherent and non-adherent JAWS II cells. The
percentage of cells, viability, and the percentage of apoptotic
cells were investigated in both fractions. The ratio of the JAWS I1
cell fractions was calculated as non-adherent/adherent cells.

There were more adherent than non-adherent cells in both,
immature and LPS-activated JAWS II cell culture. Activation
with LPS increased percentage of non-adherent cells and
decreased percentage of cells in adherent fraction (Fig. 1A).
Higher viability of cells was observed in adherent fraction of
immature and LPS activated cells. A lower viability of cells
was observed in the non-adherent fraction after LPS treatment
(Fig. 1B). The ratio of JAWS II cell fractions was significantly
higher after LPS activation compared to non-activated cells
(Fig. 1C). The percentage of apoptotic cells in the adherent
fraction was decreased in comparison to non-adherent.
Apoptosis of adherent JAWS II cells was even lower after
activation with LPS and significantly reduced compared to
non-adherent LPS-activated cells (Fig. 1D).

Differential expression of surface markers by adherent and
non-adherent cells. Adherent and non-adherent cells were
phenotyped by flow cytometry. Immature non-adherent and
adherent JAWS 1I cells were not significantly phenotypically
different. In LPS activated, both adherent and non-adherent
cells had increased MFI values of the costimulatory
molecules CD80 and CD86, compared with immature cells
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Figure 2. Phenotype of adherent and non-adherent JAWS II cells. Surface marker expression was evaluated by flow cytometry after 48-h stimulation of JAWS II
cells with LPS (2 ug/ml). The graphs show the percentage of (A) CD80, (B) CD86, (C) MHCII, (D) CD40 positive cells, and MFI of (E) CD80, (F) CD86,

(G) MHCII and (H) CD40 + SD, N=4. The lines indicate significant differences. "P<0.05, “P<0.01, “P<0.001 and **"P<0.0001. LPS, lipopolysaccharide; MFI,

mean fluorescence intensity; MHC, major histocompatibility complex.

(Fig. 2E and F). What is more, higher percentage of CD80*
and CD86* cells, as well as higher CD80 MFI values were
observed in LPS-activated adherent cells compared to the
LPS-activated non-adherent cells (Fig. 2A, B and E). The lower
percentage of MHC II* cells but higher MFI of MHC II was
observed in the LPS-activated non-adherent cells compared
to these cells without LPS stimulation (Fig. 2C and G).
No significant changes were observed in the percentage of
CD40* cells and the MFI of CD40 (Fig. 2D and H). Also, there
were no significant differences in the expression of CDllc
(data not shown).

Immature adherent and non-adherent JAWS II cells exhibit
different endocytosis and signalling properties. To deter-
mine the endocytic activity of JAWS II cells, which is crucial
in antigen presentation, cellular FITC-dextran uptake
was measured by flow cytometry. FITC-dextran uptake
was higher in adherent cells compared to non-adherent
cells in both, immature and LPS-activated JAWS 1I cells
(Fig. 3A and B). To evaluate signalling in both fractions
of JAWS 1II cells, the MAPK and Pi3K signal pathways
were examined. The immature, non-adherent fraction
showed an increased percentage of pAKT positive cells in
comparison with adherent cells. Activation with LPS did
not result in significant changes in the Pi3K signal pathway
(Fig. 3C). No significant changes were observed in MAPK
activation based on the percentage of pERK1/2 positive cells
(data not shown).

LPS-activated adherent and non-adherent JAWS II cells
differentially influence T cell activity. In order to evaluate
how non-adherent and adherent JAWS II cells impact T cells
functions, proliferation and cytokine production were inves-
tigated. Unstimulated T cells cultured without JAWS II cells
were used as the negative control, and T cells stimulated with
CD3 and CD28 antibodies were treated as the positive control.

LPS-activated, adherent JAWS 1II cells induced stronger
proliferation of T cells than non-adherent LPS-activated
JAWS 1I cells. A similar effect, but not statistically signifi-
cant, was observed for immature cells (Fig. 4). LPS-activated
non-adherent JAWS II induced significantly higher level of
IL-6 and TGF-p1 than did immature non-adherent cells.
Stimulation of non-adherent cells with LPS resulted in
elevated production of IL-6 and TGF-f1 in comparison to
adherent cells (Fig. 5A and B). IL-17A was produced in small
amounts by non-adherent cells both treated and not treated
with LPS, with no detected production by adherent JAWS II
cells (Fig. 5C). No significant changes in IL-10 production
were observed (Fig. 5D). IFN-y production was not observed
(data not shown).

Discussion

In the present study, we evaluated the viability, phenotype
and activity of immature and LPS-activated JAWS II cells.
The cells were divided into two fractions: non-adherent (cells
suspended in the medium) and adherent cells (adjacent to the
substrate). The results indicated that these two fractions of
JAWS 11 cells differs in various ways.

At the beginning we evaluated JAWS II cells condition.
There were more adherent cells than non-adherent cells and
the adherent cells had better viability. However, activation
with LPS resulted in a larger proportion of non-adherent
cells in comparison with unstimulated cells. Next step was to
examine the surface phenotype. The expression of markers
associated with T cell activation (CD80, CD86, MHC II and
CD40) was determined. Immature non-adherent and adherent
JAWS 1I cells were not significantly phenotypically different.
This is in line with previous outcomes on JAWS II cells (1)
and human monocyte-derived dendritic cells (mo-DCs), where
only the percentage of CD86 positive cells was statistically
different (17).
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Figure 3. Activity of adherent and non-adherent JAWS II cells. JAWS II cells were stimulated with LPS for 48 h (2 pg/ml) and incubated for 50 min at 37°C
with FITC-DX. Cells incubated at 4°C with FITC-DX represented the background signal. Endocytosis was evaluated by flow cytometry. Data are shown
as (A) representative histograms of FITC-DX uptake at both 37 and 4°C (control) and (B) as MFI of FITC-DX (MFI 37°C-MFI 4°C) = SD. (C) Pi3K signal
pathway activation was analysed with the Muse PI3K/MAPK Dual Pathway Activation Kit with Muse Analyzer. Data are presented as the percentage of Akt
activated cells = SD, N=3. The lines indicate significant differences. "P<0.05, *"P<0.001 and *P<0.0001. DX, dextran; LPS, lipopolysaccharide; MFI, mean

fluorescence intensity; pAKT, phosphorylated AKT.
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Figure 4. Influence of non-adherent and adherent JAWS II cells on T cells.
JAWS 1I cells were stimulated with LPS for 48 h (2 ug/ml) and then added
to T cells isolated from spleen, and stained with CPD. JAWS II and T cells
were cultured in 1:10 ratio. The cells were collected after 120 h. Proliferation
potential is presented as the mean percentage of T cells with reduced level of
CPD evaluated by flow cytometry + SD, N=3. The lines indicate significant
differences. "P<0.05. CPD, Cell Proliferation Dye; LPS, lipopolysaccharide.

However, we observed differences in the phenotype
between the two fractions of LPS-activated JAWS II cells.
In LPS-activated JAWS 1II cells a higher percentages of
CD80- and CD86-positive cells were observed in the
adherent fraction. Also, the MFI of CD80 was increased in
LPS-activated adherent JAWS II cells. These results suggest,
that LPS-activated adherent JAWS II cells may be more
effective in antigen presentation and T cells activation than
LPS-activated non-adherent JAWS II cells.

LPS activation of JAWS II resulted in decreased
percentage of CD80- and MHC II-positive cells, but it was
associated with higher expression (MFI) of CD80, CD86,
and MHC II molecules in non-adherent cells. A reduced
percentage of cells can result from several issues, such as
the condition of cells in the LPS environment. However, the
marker expression on the cell surface may be sufficient for
effective T cell activation. We have obtained similar results
in our previous work concerning human monocyte-derived
DCs (mo-DCs). After LPS activation, only the MFI values
were significantly higher compared to immature DCs for all
examined receptors: MHC II, CD40, CD80, CD83, CDS6,
CCR7, TLR2, TLR4 (19).
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Figure 5. Cytokine production in the coculture of T cells with non-adherent and adherent JAWS II cells. JAWS II cells were stimulated with LPS for 48 h
(2 ug/ml) and then added to T cells isolated from spleen, and stained with CPD. JAWS Il and T cells were cultured in 1:10 ratio. The supernatants were collected
after 120 h. Levels of (A) IL-6, (B) TGF-1, (C) IL-17A and (D) IL-10 were measured by ELISA. Data are presented as the mean cytokine concentration = SD
(pg/ml), N=3. The lines indicate significant differences. “P<0.05, “P<0.01. CPD, Cell Proliferation Dye; LPS, lipopolysaccharide.

With the maturation of DCs, the ability to uptake antigen
decreases. Our studies confirmed that after stimulation with
LPS, cells showed reduced endocytosis, but not statisti-
cally significant. We have observed, that adherent JAWS II
cells exhibited significantly higher endocytosis compared
tonon-adherent cells. This may suggest that adherent cells
demonstrate increased endocytic capacity. Yi and Lu (17)
reported that mature human mo-DCs, adherent cells show
higher antigen uptake than non-adherent cells. We have
obtained similar results.

Our findings demonstrate that there were decreased
numbers of immature adherent cells with activated Pi3K
signalling compared to non-adherent cells. Pi3K signalling
plays an important role in various cellular processes such as
proliferation, migration or antigen presentation. In addition,
Pi3K signalling is involved in the pathogenesis of autoimmune
diseases and immunity against cancer (20,21). The inhibition
of Akt phosphorylation in bone-marrow derived DCs (BMDC)
by IL-10 suppresses IKK/NF-kB activation (22,23).

The crucial role of DCs is antigen presentation and T cells
activation, hence we evaluated proliferation and cytokine
production of T cells isolated from murine spleen with adherent
and non-adherent JAWS II cells. We observed increased prolif-
eration of T cells cocultured with LPS-activated, adherent DCs in
line with decreased production of IL-6, and TGF-f1, compared

to non-adherent LPS-activated cells. These results confirmed,
that LPS-activated adherent JAWS II cells may induce T cell
proliferation. The experiment with human DCs also showed that
adherent cells more effectively induced proliferation of T cells
than non-adherent DC (17). However, Wang et al (18) showed
that non-adherent bone-marrow derived DCs (BMDC) more
effectively stimulated proliferation of CD4 T cells isolated from
lymph nodes than adherent cells. The difference in the results
could be a consequence of the source of T cells.

To summarise, adherent immature JAWS II cells show
increased endocytosis and decreased activation of the Pi3K signal
pathway. They also induced increased production of TGF-§1 by
T cells in comparison to non-adherent cells. On the other hand,
adherent, LPS-activated JAWS II cells showed increased expres-
sion of CD80 and CD86 costimulatory molecules, increased
endocytosis and an elevated ability to induce proliferation of
T cells in MLR with decreased production of IL-6, IL17A and
TGF-B1 compared to non-adherent LPS-activated cells.

Choosing the right fraction for cancer immunotherapy
research can be crucial. In immunotherapy of cancer, mature
DCs with great capacity to activate T cells with cytotoxic
activity are expected. Based on our results, LPS-activated
adherent JAWS 1I cells fraction appears to be more favorable
for future DC-vaccine evaluation against cancers. Such cells
showed increased expression of costimulatory molecules and
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induced T cells proliferation and may be more effective in
T cell activation.

Non-adherent fraction shows some properties character-
istics for tolerogenic DCs. Tolerogenic DCs are immature
dendritic cells, induce immune tolerance and are able to
inhibit T cell response. Decreased CD80, CD86 and MHC II
expression, lower percentage of proliferating T cells, increased
IL-10 production and activation of the Pi3K signal pathway
may indicate tolerogenic functions of non-adherent immature
JAWS II compared to adherent (24,25). Some results show that
DC after longer exposition to LPS can become more ‘tolerant’
or ‘exhausted’. This is associated with the production of Th2
cytokines instead of the development of a pro-inflammatory
Thl immune response (26). Other studies indicate that DC
after long exposure to LPS wait for a signal from T cells,
necessary for their further activity (27).

Heterogenicity of dendritic cells has been discussed for a
long time; however, this problem is not flawlessly described.
Choosing adherent or non-adherent cells is not only relevant
for DCs, but also for other types of cells with potential use in
clinical studies (28). More attention should be paid to which
fraction of DCs is chosen. The effect of two mixed fractions
can be abolished. In addition, a lack of indication of the used
fraction can result in apparently different results. We showed
that the two fractions of JAWS 11, adherent and non-adherent
cells, show different properties. In addition, differences in the
phenotype and activity of adherent and non-adherent cells
are more significant after LPS activation. Therefore, both the
adherence and activation status of DCs are important when
planning experiments.
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