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Dendritic cells (DC) are important antigen-presenting
cells and are promising means for antitumor vaccines.
That�s why it is necessary to study the role and features
of DC in neoplasms including malignant lymphomas and
their influence on the growth of malignant tumors.

The effects of tumor-released factors on the diffe-
rentiation and generation of DC from hemopoietic pre-
cursors have not been demonstrated until recently.
Gabrilovich et al  [23] first demonstrated that tumor cells
may release factors which are able to inhibit the pro-
duction of DC. These results were confirmed by others
in a number of in vitro studies. For instance, Shurin
et al [7] demonstrated that expression of CD83 and
CD86, human DC-related markers, was significantly
inhibited in DC cultures co-incubated with human pros-
tate carcinoma cell line.

We tried to show how the way of the lymphoma cell
administration could affect the dendropoesis and DC
functions.
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There have been shown that the inhibition of bone marrow derived dendritic cells (DC) differentiation was dependent
on the way of the tumor cell administration for recipient animals in our investigation. The strongest suppression of
DC differentiation is observed in intravenous administration of EL-4 lymphoma cells. Thus, there was twice lower
expression of the IAb, CD86, CD80, CD40, CD11b and CD11c on the surface of the cultured bone marrow derived
dendritic cells in intravenous administration of lymphoma cells as compared with control. CD40 and CD86 expression
was shown to increase significantly upon subcutaneous and intraperitoneal EL-4 lymphoma cells transplantation.
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Â èññëåäîâàíèè áûëî ïîêàçàíî, ÷òî óãíåòåíèå äèôôåðåíöèàöèè äåíäðèòíûõ êëåòîê (ÄÊ) çàâèñèò îò ñïîñîáà
ââåäåííèÿ îïóõîëåâûõ êëåòîê. Íàèáîëüøåå óãíåòåíèå äèôôåðåíöèàöèè ÄÊ íàáëþäàåòñÿ ïðè âíóòðèâåííîì ñïî-
ñîáå ââåäåíèÿ êëåòîê ëèìôîìû EL-4. Ïîñëå âíóòðèâåííîãî ââåäåíèÿ ëèìôîìíûõ êëåòîê íà ïîâåðõíîñòè êóëüòè-
âèðîâàííûõ ÄÊ èç êîñòíî-ìîçãîâûõ êëåòîê-ïðåäøåñòâåííèêîâ íàáëþäàëè ñíèæåíèå ýêñïðåññèè IAb, CD86, CD80,
CD40, CD11b è CD11c âäâîå â ñðàâíåíèè ñ êîíòðîëåì. Ïîñëå ïîäêîæíîé è âíóòðèáðþøèííîé òðàíñïëàíòàöèè
êëåòîê ëèìôîìû EL-4 îáíàðóæèëè äîñòîâåðíîå ïîâûøåíèå ýêñïðåññèè CD40 è â ìåíüøåé ñòåïåíè CD86.
Êëþ÷åâûå ñëîâà: äåíäðèòíûå êëåòêè, ëèìôîìà EL-4, ìàðêåðû äèôôåðåíöèàöèè

The aim of this work is to prove that the different
ways of tumor cell administration have different influ-
ence on the DC maturation.

MATERIALS AND METHODS
Mice. Male C57BL/6 mice were obtained from

Taconic (Germantown, NY, USA), acclimatized for at
least two weeks, and used at 6�8 weeks of age. Mice
were maintained under a 12 h light/dark cycle at a tem-
perature 20�22 °C. Food and water were available ad
libitum. All animal procedures were approved by the
University of Pittsburgh Animal Care Committee.

Tumor cell line. The syngeneic to C57BL/6 mice
EL-4 lymphoma is a chemically induced thymic lym-
phoma cell line; the murine leukemia virus was identi-
fied in these cells; the strain is low immunogeneic and,
therefore, appropriate for deriving concepts with hu-
man relevance [17�20]. EL4 lymphoma cells were cul-
tured in RPMI 1640 complete medium (with 10% heat-
inactivated FBS, 0.1 mg/ml gentamicin, 0.1 mM non-
essential amino acids, 1 mM sodium piruvate, 1%
L-glutamine (Gibco BRL, USA), at 37 °C in 5% CO2.
Cell line was mycoplasma-free.

Generation of BM-derived dendritic cells. Mouse
bone-marrow (BM) cells were obtained from flushed
marrow cavities. Red blood cells were removed by ly-
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sis with Red blood cell lysing buffer (Sigma, UK). Bone
marrow cells were further depleted of B and T cells by
incubation with anti-B220, anti-CD4, and anti-CD8
monoclonal antybodies plus rabbit complement for 1 h
at 37 °C. The cells were triple washed in RPMI 1640
complete medium, cultured in 4 ml RPMI 1640 com-
plete medium with 1000 U/ml recombinant mouse GM-
CSF and 1000 U/ml recombinant mouse IL-4 (Pepro
Tech, USA) at 1 · 106cells/well in 6-well plates. On the
4th day cytokines were added once again.

Flow cytometry. On the 7th day DCs were collec-
ted, washed in PBS, counted and at 3 · 105 cells/tube
were suspended in FACScan buffer (PBS + 0.1% bo-
vine serum albumin, Sigma, USA, and 0.1% sodium
azide, Sigma, USA), spinned at 1400 rpm for 7 min,
and double stained for 30 min with the following mono-
clonal antibodies (mAbs): IAb, CD86, CD80, CD40,
CD11c, CD11b (PharMingen, USA) and were compared
with appropriate isotype-matched controls (PharMin-
gen, USA). Samples were fixed in 2% formaldehide and
analyzed on a FACScan (Becton Dickinson, USA).

Experimental design. Nine mice were injected:
subcutaneously (SC) into the shaved right flank (3),
intraperitoneally (IP) (3) and intravenously (IV) in tale
vein (3) with 105 EL4 lymphoma cells in total volume
0.2 ml in PBS. Two  healthy mice were used as a con-
trol. On the 14�15th days of lymphoma cell administra-
tion mice were sacrificed and the DCs were obtained
from BM (from femur and tibia) and marked for flow
cytometry on the 7th day of culture. The experiment was
duplicated.

RESULTS AND DISCUSSION
The significant differences are observed in the phe-

notype of cultured BMDC (see Figure) obtained from
mice with IV lymphoma cell administration and the other
groups: the expression of the markers on the 7th day of
the DC growth in the group with IV EL-4 injection is
twice lower as compared with control. Interestingly that
upon the subcutaneous way of the lymphoma cell trans-
plantation we observed 42% increase in CD86 expres-
sion. Moreover,  higher expression of the CD40 on DC
is observed in SC and IP injection of lymphoma cells
(73 and 35% respectively) (see Table). CD86 (B7-1)
is a costimulation molecule in the DC-T-cell interac-
tion (CD28 expressing on the T-cells responses to this
molecule).  Another marker, CD40, participates in sur-
vival of DC and CD40L responses for this kind of DC-
T-cell communication on the T-cells. CD40L, a 33 kDa
type II membrane protein member of the TNF cytokine
family, resembles TNFalpha in its effect on DC deve-
lopment by blocking the granulocyte-differentiation
pathway and stimulating final DC maturation [7, 16, 21].
Therefore, we can see some activation of DC differen-

tiation on the 14-th day of the SC and IP EL-4 trans-
plantation.

The inhibition of the BMDC maturation depends on
the way of the lymphoma cell administration. We found
that the most pronounced inhibition was observed upon
the IV implantation of EL-4 cells. It  could be associa-
ted with the most generalized growth pattern of lym-
phoma cells following such a way of transplantation.

It�s known that tumors suppressed APC and DC in
particular. Such suppression is possible due to expres-
sion of vascular endothelial growth factor (VEGF), ba-
sic fibroblast growth factor (bFGF), interleukin (IL)-4,
IL-5, IL-10, IL-13 and a lot of other cytokines which
can inhibit DC generation or/and DC functional activity
[1, 3�7, 11, 12, 14�16, 21]. Expression of some of these
cytokines may be connected with virus infection in tu-
mor cells such as Epstein � Barr virus (EBV) [1�14].
The murine leukemia virus was identified in the EL-4
lymphoma cells but despite of another pathogenesis
the differentiation of BMDC is observed as well. Tu-
mors are often capable of delivering antigen-specific
signals to T-cells but not the costimulatory signals ne-
cessary for full T-cell activation. This can result in an-
ergy rather than induction of response, thereby pro-
viding a means by which tumors may escape immun-
osurveillance. But the mechanisms of this influence
have not been yet well investigated. In some tumors,
such as an anaplastic large cell lymphoma, Hodgkin�s
disease, cutaneous lymphomas, and other, the site of
the origin has been described as a prognostic factor
[22]. The patterns of EL-4 lymphoma growth in differ-
ent ways of lymphoma cell administration should be
different.  Upon intravenous injection lymphoma cells
are effectively spread with blood to all organs. Upon
subcutaneous administration lymphoma cells dissem-
inate predominantly to the skin and subcutaneous
lymph nodes and upon intraperitoneal administration
� to mesenteric lymph nodes and abdominal organs.
More aggressive tumors induce higher levels of DC
apoptosis at the tumor site and, in turn, stronger inhi-
bition of antigen recognition, processing, and presen-
tating by DC, which are necessary for the initiation and
maintenance of an effective anti-tumor immune re-
sponse [21].

In summary, we have shown that tumor inhibition of
the DC generation and differentiation  is dependent on
the mode of lymphoma transplantation. The strongest
suppression of DC differentiation is observed in intra-
venous administration of lymphoma cell. This model of
the inhibition of DC maturation by lymphoma cells is
optimal in the further experiments on the therapy di-
rected on the recovering DC maturation and function
as more demonstrative than IP and SC lymphoma cell

Table.  Flow cytometry of BM-derived DC culture (on 14th day of lymphoma administration) 

                  Expression of markers on DC (in %) Mode of EL-4 lymphoma 
implantation   IAb  CD86     CD80     CD40    CD11b    CD11c 

Control 42.9 ± 1.5 28.4 ± 2.2 28.1  ± 3.9 15.4 ± 2.3 38.1 ± 1.9 51.8 ± 1.5 
 SC 48.6 ±1.7* 40.2 ± 1.4** 31.3 ± 1.2 26.7 ± 2.9** 31.0 ± 1.5** 50.7 ± 1.5 
 IV 21.5 ± 1.1*** 15.4 ± 1.8*** 17.7 ± 2.0*** 14.9 ± 1.5*** 17.3 ± 1.0*** 31.0 ± 2.2*** 
 IP 49.4 ± 2.1* 32.9 ± 3.0 31.1 ± 2.3 20.8 ± 1.3** 39.4 ± 2.9 56.4 ± 1.6* 

* Ð < 0.05; ** Ð < 0.01; *** Ð < 0.001 as compared to control. 
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implantation. Understanding of the phenomenon of in-
hibition of DC differentiation could be useful for impro-
ving therapy directed on the recovering DC differenti-
ation and function.
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