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Abstract Spontaneous or induced malignant lymphomas in
mice are valuable tools for studying human lymphoprolifera-
tive diseases, including the mechanism of migration between
peripheral lymphoid organs and positioning within distinct
tissue compartments. Here we report the isolation and charac-
terization of a novel spontaneous lymphoma from BALB/c
mice showing restricted tissue distribution and metastasis.
The lymphoma cells display CD19, B220, MHC II, surface
IgG2a/kappa chain with VH7183 rearrangement of the IgH
gene, indicating their B-cell origin. Serial intraperitoneal in-
jection of primary tumor into both BALB/c and RAG-1-
deficient hosts led to the successful propagation of lymphoma.
Despite the cytological characteristics of high-grade follicular
B-cell lymphoma, the tumor cells (denoted as Bc-DLFL.1)
showed significantly lesser spreading to extraabdominal loca-
tions upon intraperitoneal passage compared to splenic and
mesenteric lymph node expansion. Inmesenteric lymph nodes
the high endothelial venules contained only few tumor cells,
while the lymphatic vessels were almost completely filled
with lymphoma cells. Similarly, the LYVE-1-positive lym-
phatic capillaries within the mesentery were packed with

lymphoma cells. These findings suggest that Bc-DLFL.1 cells
likely propagate primarily via the lymphatic circulation within
the mesentery, therefore this tumor may offer an in vivomodel
to investigate the tumor cell migration via the lymphatic cir-
culation from the peritoneal cavity.
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Introduction

Maturation of resting B lymphocytes following antigen stim-
ulation into plasma cells or memory B cells in peripheral lym-
phoid tissues is a multistep process requiring a tightly regulat-
ed sequence of activation, proliferation and clonal selection.
In this process uncontrolled expression of a limited number of
crucial genes leads to various forms of differentiation block-
ade, causing abnormal proliferation or survival of transformed
B cells. Depending on the phenotypic and genotypic traits, the
resulting B-cell malignancies have broadly variable differen-
tiation stages of affected cells, cellular composition and lym-
phoid and other tissue involvement [1, 2].

For the more efficient diagnosis and therapy of human B-
cell lymphomas, various spontaneous B-cell tumors in mice
have proved invaluable tools. Earlier these tumors arose either
spontaneously or were induced by ionizing irradiation, expo-
sure to chemical agents or viral transformation [3].
Subsequent identification of certain key elements (such as c-
myc and Bcl-2) involved in the malignant transformation of B
cells in humans combined with the ability to manipulate the
mouse genome has greatly expanded the potential research
models [4, 5], but also raised the importance of species differ-
ences, as various murine models were often found to be dif-
ferent from the parallel human conditions, including both the
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phenotypic characteristics of malignant cells and the course of
the disease [5, 6]. This divergence may reflect important struc-
tural differences between the human and mouse lymphoid
organs themselves (such as the composition of splenic mar-
ginal zone and Peyer’s patches, [7]) or the divergent expres-
sion pattern of cell surface markers used for the identification
of various B-cell subsets [2].

In addition to providing potential in vivomodels for human
diseases, murine B cell lymphomas may also offer experimen-
tal opportunities to study the mechanisms of interactions be-
tween the lymphoid and non-hematopoietic constituents in
peripheral lymphoid tissues. These include the preserved ca-
pacity of lymphoma cells to selectively colonize peripheral
lymphoid tissues via organ-selective homing and subsequent
positioning within suitable microenvironmental niches, as an
analogue to the lymphocyte compartmentalization under
physiological conditions, including their capacity to modulate
their stromal milieu [8, 9].

In this paper we report the isolation and characterization of
a BALB/c mouse-derived novel spontaneous B-cell lympho-
ma. We demonstrate that the intraperitoneal injection of this
lymphoma results in a selective tumor seeding of the spleen
and mesenteric lymph node, where the metastasis is formed
via the lymphatic vasculature of mesentery. Thus this novel B-
cell lymphoma may offer a unique model for studying the
in vivo lymphatic propagation of B-cell tumors.

Materials and Methods

Mice

Inbred BALB/c and Rag1−/− [10] mice were originally pur-
chased from Jackson Laboratory, and were maintained under
SPF conditions at the Department of Immunology and
Biotechnology under permits BAI/01/1390–003/2013 (issued
by the Baranya County Government Office) and SF/688–18/
2013 and SF/27–1/2014 (issued by the Ministry of
Agriculture). After their retrieval from the SPF unit the mice
were kept under clean conditions with 12 h of light/dark cycles
and were provided with water and pelleted food ad libitum.

Lymphoma Cell Isolation and Passage

The original tumor was mechanically dispersed using a 70 μm
cell strainer (BD Biosciences, Soft Flow Ltd., Pécs, Hungary)
and resuspended in DMEM medium (Sigma-Aldrich,
Budapest). The tumor cells at the dose of 107 cells/recipients
in 0.2 ml medium were injected intraperitoneally. For tumor-
igenicity testing various doses of lymphoma cells were
injected intraperitoneally and the mice were observed daily
up to 30 days. Mice with terminal stage tumor were sacrificed
by cervical dislocation, and their lymphoid and other organs

were collected under aseptic conditions in a laminar flow. For
further passage mesenteric lymph node (mLN) and spleen
were collected and processed by mechanical dispersion
through 70 μm mesh size cell strainer (BD Biosciences, Soft
Flow Hungary, Pecs).

Antibodies and Reagents

Rat mAb against MHC Class II (IBL-5/22) was produced in
our lab [11] and was used as hybridoma supernatant. mAb
against peripheral lymph node addressin (PNAd, clone
MECA-79) was purchased from BD Biosciences (Soft Flow
Hungary, Pecs), anti-LYVE-1 (clone 223,322) and goat anti-
mouse Bcl-6 antibodies from R&D Systems (Biomedica
Hungária Kft, Budapest). Anti-mouse VEGF-R2/flk-1 mAb
(clone Avas12α1) was purchased from BD Biosciences.
Anti-mouse CD19 (clone B3B4), anti-mouse CD3 (clone
KT-3), anti-mouse LFA-1 (clone M14.4) and anti-mouse L-
selectin/CD62L (clone MEL-14) and anti-mouse ICAM-1/
CD54 (clone YN1/1) hybridoma lines were obtained from
ATCC, anti-α4 integrin mAb (from clone PS/2) was kindly
provided by Dr. Eugene C. Butcher. Anti-B220 IgG (clone
RA3-6B2 from ATCC) was purified by Protein G chromatog-
raphy and labeled with FITC or Alexa Fluor 568 dye (Life
Technologies Magyarország Kft, Budapest) using standard
labeling conditions or used as hybridoma supernatant. FITC-
conjugated anti-mouse IgM, IgG1, IgG2a, IgG2b and IgA
rabbit antibodies were purchased from Sigma-Aldrich.
Control rat IgG was purified from Wistar rat serum using
Protein G affinity chromatography. The unlabeled rat mAbs
and the goat polyclonal antibodies were detected with goat
anti-rat IgG or donkey anti-goat IgG respectively, conjugated
with FITC or PE (BD Biosciences). For immunohistochemi-
cal staining the anti-B220 mAb was detected by Histols poly-
meric anti-rat IgG HRPO-conjugate (Hisztopatologia Kft,
Pécs, Hungary).

Flow Cytometry

Single cell suspension prepared from mLN, peripheral lymph
nodes (pLN) or spleen of Rag1−/− or BALB/c recipients were
incubated with monoclonal antibodies against MHC Class II,
CD3, CD19, B220 or normal rat IgG and various anti-mouse
immunoglobulin isotype antibodies at 10 μg/ml in PBS con-
taining 0,1 % Na-azide and BSA for 30 min followed by two
washing steps. The bound antibodies were detected using
FITC-conjugated goat anti-rat IgG, followed by washing.
The cells were fixed in 1 % buffered paraformaldehyde and
the samples were analyzed using a Becton-Dickinson
FACSCalibur and the CellQuest Pro software. Typically ten
thousand single lymphocyte events as defined by their FSC/
SSC characteristics were collected.
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Histology and Immunohistology

Formol-fixed and paraffin embedded tissues (spleen,
mesenteric lymph nodes and mesenterium, thymus, pe-
ripheral lymph nodes, liver, kidney, lungs and brain)
were processed according to standard histological proce-
dures using hematoxylin-eosin and periodic acid-Schiff
staining. For immunohistochemical or immunofluores-
cent labeling tissues were placed in Killik embedding
medium and snap-frozen in plastic molds. Frozen sec-
tions at 8 μm thickness were cut with a Leica cryostat
and placed onto microscopic slides, and were allowed to
dry. After fixing in cold acetone the sections were
allowed to dry. The endogenous peroxidase activity
was quenched with 0,1 % phenyl-hydrazine hydrochlo-
ride in PBS for 20 min followed by washing. After
blocking with 5 % BSA in PBS for 20 min anti-B220
antibody was added and incubated for 45 min. After
washing polymeric Histols anti-rat IgG-HRPO conjugate
was added and incubated for 45 min. After repeated
washing the enzymatic reaction was developed using
DAKO acetate buffer and diamino-benzidine solution,
and mounted using Permount medium.

For dual immunofluorescence after fixation in acetone the
slides were allowed to dry, and then rehydrated in 5%BSA-
PBS. Next the sections were incubated either with anti-LYVE-
1 or anti-PNAd mAbs, followed by FITC-conjugated goat
anti-rat IgG. After washing the residual binding sites
of the secondary antibody were saturated with normal
rat serum at 1:50 dilution for 20 min, followed by
adding Cy3-conjugated anti-B220 mAb. After incubation
the sections were repeatedly washed in PBS and cov-
ered in 1:1 PBS-glycerol, and viewed under Olympus
BX61 fluorescent microscope.

Analysis of IgH Rearrangement

DNA from 2x105 lymphoma cells was extracted using Qiagen
QIAamp DNA Micro Kit according to the user’s instructions.
The rearrangement status of Ig heavy chain gene was deter-
mined by PCR reaction using degenerate primers for various
murine VH families as described [11]. The amplified products
were electrophoresed and visualized using Biotium GelRed.
The images were recorded using Bio-Rad Gel Doc XR instru-
ment and Image Lab 5.0.0 software.

Statistical Analysis

Survival data for Kaplan-Meier evaluation were statisti-
cally analyzed by logrank (Mantel-Cox) test using
GraphPad Prism software.

Results

Identification of a Spontaneous High-Grade B-Cell
Follicular Lymphoma

As an incidental finding during the dissection of an aged
BALB/c female mouse a soft tissue mass was found surround-
ing the terminal segment of ileum, accompanied with a robust
splenomegaly. Macroscopic observation of the abdominal or-
gans, lungs and brain and also peripheral lymph nodes (ingui-
nal, cervical and brachial) and Peyer’s patches did not reveal
any gross pathology. To test whether the splenic enlargement
may be caused by lymphohematopoietic malignancy the en-
larged spleen was removed and single cell suspension was
injected intraperitoneally into a cohort of BALB/c recipients.
The injected mice showed a sharp decline of physical activi-
ties at around 15–18 days after the injection, and after sacrific-
ing the moribund mice we observed enlarged mesenteric
lymph nodes (mLN) and spleen, similar to the original
tumor-bearing mouse (Fig. 1a). The tumors were removed
and processed for serial in vivo passage as well as cryopreser-
vation. Histological sections prepared from the mLN and
spleen showed a vaguely nodular lymphoid infiltrate com-
posed of centroblast and centrocyte-like atypical cells show-
ing brisk mitotic activity. The ratio of centroblast-like cells
was heterogeneous, on average approximately 40 %. The in-
filtrate replaced the follicles and extended in other lymphoid
regions (Fig. 1 b, c and d). PAS staining revealed no positive
labeling for the lymphoma cells (not shown).

In both syngeneic BALB/c and allogeneic Rag1−/− recipi-
ents the tumor cells could efficiently be propagated. We found
that injecting large number of cells (2.5x107 and 2.5x106 cells
in each recipient) could uniformly lead to death within 15 days
(p < 0.001), and even 2.5x105 cells/recipient were sufficient to
induce 50 % mortality in BALB/c recipients (Fig. 2) within
30 days (p < 0.01).

Given the relative frequent appearance of B-cell derived
malignancies in aged BALB/c mice [12], to define the hema-
topoietic lineage affiliation of the tumor we performed immu-
nohistochemistry using B220 as a B-cell antigen. We found
that both the splenic white pulp and the mLN contained
homogenously B220-positive lymphoma cells, although at
some locations within the splenic white pulp some remnants
of the original follicles could be found, based on their more
intense B220 expression (Fig. 3a, b). To further verify the B-
cell origin of this spontaneous lymphoma we performed flow
cytometric phenotyping using CD19 and MHC Class II label-
ing, using B220 as reference marker in tumor cell suspension
obtained from Rag1−/− recipients. To rule out T-cell malignan-
cy we also labeled the cells for CD3 and CD5. Positive reac-
tivity for CD19, MHC class II, in addition to B220 and the
lack of CD3 expression and CD5 production (not shown)
confirmed our earlier immunohistochemical results for B220
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expression, thus establishing the B-cell origin of this lympho-
ma (Fig. 3c). Taken together the B-lineage surface markers
with the cytological characteristics, this lymphoma corre-
sponds to follicular lymphoma of mixed cell type according
to the Bethesda proposal for classification of lymphomas in
mice, an entity similar to the high-grade variant of follicular
lymphoma category in humans. Correspondingly we denote
this tumor as Bc-DLFL.1 (BALB/c-derived Diffuse Large cell
Follicular Lymphoma.1).

Immunoglobulin Gene Expression and Production
in the Bc-DLFL.1 Lymphoma

Most B-cell lymphomas in both humans and mice express pro-
ductively rearranged immunoglobulin genes. To test whether
such a rearrangement results in detectable cell surface immuno-
globulin, we stained the lymphoma cells for IgM, IgD, IgG

subclasses and IgA, in addition to kappa light chain. We found
positive reactivity for kappa chain and IgG2a without the ap-
pearance of IgM, IgD, other IgG classes or IgA (Fig. 4a).

To determine the rearrangement pattern of the Ig heavy chain
gene variable region of the Bc-DLFL.1 lymphoma we ampli-
fied the genomic DNA using VH-family specific primer pairs.
We found rearrangement of IgH genes within the VH7183
region in lymphoma cells isolated from both BALB/c
and Rag1−/− recipients using normal BALB/c mLN as reference
sample for successful IgH V-region amplification (Fig. 4b).

The presence of IgG2a/κ surface immunoglobulin indicated
isotype switch, usually associated with B cells having undergone
germinal center (GC) reaction coupledwith Ig affinitymaturation,
in which process Bcl-6 transcriptional repressor plays a crucial
role [13, 14]. As GC-derived B-cell lymphomas in humans over-
whelmingly express of Bcl-6, next we investigated the presence
of Bcl-6 in Bc-DLFL.1 by flow cytometry. We found Bcl-6 ex-
pression in the majority of lymphoma cells, thus further
confirming the GC origin of the Bc-DLFL.1 lymphoma (Fig. 4c).

Analysis of Homing Receptor Expression in Bc-DLFL.1
Lymphoma

During the serial intraperitoneal passage of lymphoma cells
we noted a robust early enlargement of the mesenteric lymph
nodes (mLN) over the largely preserved size and structure of
peripheral lymph nodes (pLN), which prompted us to analyze
the cell surface adhesion molecules involved in leukocyte
homing. We labeled freshly removed lymphoma cell

BA
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Fig. 1 Macroscopic appearance
and histopathology of Bc-
DLFL.1 lymphoma. Macroscopic
pathology a reveals significant
splenomegaly (arrow) and
enlarged mLNs (arrowhead),
with the dotted lines outlining the
borders of organs in control mice.
H&E staining of mLN (b; scale
bar = 200μm) and spleen (c; scale
bar = 200 μm) shows lymphoma
infiltrate composed of
centroblasts intermingled with
centrocytes in a representative
spleen sample from a BALB/c
recipient injected with lymphoma
cells (d; scale bar = 20 μm)

Fig. 2 Dose-dependence of lymphoma engraftment and mortality.
Survival of a cohort of BALB/c mice (n = 10 recipients/group) following
intraperitoneal injection of lymphoma cells at various doses
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suspension from mLN of Rag1−/− recipients with rat mAbs
against LFA-1 (CD11α/CD18), ICAM-1 (CD54), L-selectin
(CD62L) and α4 integrin. We found that all four adhesion
receptors were produced and displayed on the cell surface,
although at different degrees of expression. According to our
findings, the lymphoma cells expressed ICAM-1 and LFA-1
molecules at a higher level compared to L-selectin and α4
integrin (Fig. 5).

Metastasis of Bc-DLFL.1 Lymphoma Cells to Mesenteric
Lymph Nodes Involves Afferent Lymphatic Vessels
of the Mesentery

In addition to the enlarged spleen and mLN in lymphoma-
bearing mice, we also noticed a substantial swelling of
perivascular adipose cuffs surrounding the arterioles in the
mesentery, a bi-layered sheet of mesothelium. HE staining
combined with immunohistochemical labeling for B220 re-
vealed that lymphoma cells accumulate both in the reticular
perivascular connective tissue and in tight compact clusters in

luminal arrangement (Fig. 6a, b and c). This latter arrange-
ment of lymphoma cells in thin-walled dilated lumens raised
that lymphatic vessels connecting the intestines and mesenter-
ic lymph nodes could be involved in the expansion of tumor.
To confirm the lymphatic identity of these vessels tissue sec-
tions from mesentery and mesenteric lymph nodes were
reacted with anti-LYVE-1 mAb against lymphatic endotheli-
um and also against VEGF-R2/flk-1 as blood endothelium
marker or PNAd as high endothelial cell marker, respectively,
in combination with anti-B220 labeling. We found that B220-
positive cells were tightly packed within LYVE-1 positive
lymphatic vessels in both the mesentery and in the entire lym-
phatic vasculature of the mesenteric lymph node. In contrast,
the blood vasculature (including the PNAd-positive high en-
dothelial venules) of mLNs only rarely contained B220-
positive lymphoblasts (Fig. 6d, e and f). From these observa-
tions we conclude that the primary dissemination pathway of
Bc-DLFL.1 cells from the abdominal cavity towards the
mLNs involves the lymphatic vessels connecting the intes-
tines and mLNs.
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CD19 B220

C

A BFig. 3 Immunohistology and cell
surface phenotype of Bc-DLFL.1
lymphoma. Anti-B220 staining of
a spleen a and mLN b section
from a lymphoma-injected
BALB/c mouse reveals a
homogenous infiltrate composed
of B220+ cells, where in the
spleen both the remnants of
follicles with more intense B220
expression (arrowhead) and
lymphoma (arrow) with a weaker
B220 display can be identified (a
representative sample from a
group of n = 8; scale
bar = 200 μm). c A representative
flow cytometric staining of
lymphoma cells from the mLN a
Rag1−/− recipient indicates the
expression of B-lineage
associated markers and lack of
CD3 (n = 7). Numbers in the
histograms correspond to the
cumulative percentage of positive
cells in the fluorescence channel
range indicated by the horizontal
line
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Discussion

The present paper describes a new high-grade follicular lym-
phoma type from a BALB/c mouse. Unlike the majority of
other mouse lymphoma models, this tumor arose without any
previous induction, such as viral or other microbial infection,

exposure to chemical carcinogens, or employing genetic ma-
nipulation by introducing mutated proto-oncogenes or other
regulatory elements [3], therefore its origin is closer to the
human conditions. Its restricted intraabdominal expansion
via the mesenteric lymphatic vessels embedded in the mesen-
tery may potentially offer a novel animal model for studying

IgM
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VHJ558 VH7183 VHQ52
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Fig. 4 BcR isotype and IgH V-
rearrangement in Bc-DLFL.1
lymphoma. a B220-positive cells
in Rag1−/− recipient mLN sample
were stained for cell surface Ig
isotypes as indicated, with the
mean fluorescence intensities
(MFI) shown (n = 5), where only
IgG2a Ig subclass expression is
detectable. b PCR analysis of IgH
V-region rearrangement
demonstrates identical VDJ-
rearrangement of VH7183 family
in lymphoma-injected BALB/c or
Rag1−/− recipient (indicated at the
top), with using control BALB/c
mLN (NFW, nuclease-free water;
n = 5). c A representative sample
of Bcl-6 expression in the
lymphoma cells injected in
Rag1−/− recipients (Bcl-6, grey
shade overlaid with control
labeling (empty histogram with
dotted line; n = 5)
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the dissemination of both normal and pathological B cells via
the lymphatic circulation.

The lymphoma was identified as germinal center cell de-
rived lymphoma (mixed cell follicular lymphoma) composed
of a mixture of centrocytes and centroblasts. Follicular lympho-
ma is one of the most common types of human lymphomas and
is characterized by a nodular pattern containing recognizable
follicular structures. This type of lymphoma is composed of
centroblasts and centrocytes, the frequency of the previous de-
termines the grade. Low grade follicular lymphomas have an
indolent course, while high grade follicular lymphomas overlap
with diffuse large B cell lymphoma. Follicular lymphomas in
mice rarely show follicular structures; however, the cytology of
the lymphoma cells is similar to human cases.When the ratio of
centroblasts to centrocytes exceeds 50 %, the case is identified
as centroblastic diffuse large B cell lymphoma; however,
distinguishing atypical centrocytes from smaller centroblasts
is often difficult [2]. While human follicular lymphoma is usu-
ally nodal and frequently involves the bone marrow, in mice
follicular lymphoma usually involves the spleen with variable
enlargement of mLNs and Peyer’s patches. In this lymphoma
and in subsequent serial transplantations the Peyer’s patches
were unaffected, whereas mLNs regularly showed robust lym-
phoma growth.

Flow cytometric analyses established that the lymphoma
cells expressed CD19, MHC Class II, B220, supporting that

the malignant transformation affected B cells. Furthermore,
the expression of surface BcR of IgG2a/κ light chain isotype
also indicated mature B-cell origin, unlike the frequent B-cell
progenitor tumors observed in mice with conditional Pax5-
deletion [11]. The combined phenotypic characterization and
IgH V-region rearrangement analysis revealed that, within the
B-lineage, the lymphoma cells most likely have originated from
a germinal center stage subset, also supported by the presence
of Bcl-6 protein. The analysis of IgHV-region rearrangement in
both BALB/c and Rag2−/− recipients demonstrated identical
IgH recombination involving the VH7183 family only, despite
the extensive interspersion with VHQ52 family segments [15].
The eventual affinity maturation affecting the V-region has not
been further explored, but could reveal affinity maturation
against an as yet unidentified antigen. Based on its cytological
appearance together with the phenotypic analyses, we designate
this lymphoma to the high-grade variant of follicular lympho-
ma, denoted as Bc-DLFL.1.

The restricted distribution of Bc-DLFL.1 cells following in-
traperitoneal injection raised the issue of preferential migration of
lymphoma cells towards spleen and mLN mediated by cell sur-
face adhesion molecules, and also the availability of survival
signals promoting lymphoma growth within these lymphoid or-
gans. The fact that the lymphoma cells could successfully be
propagated in both BALB/c andRag1−/− recipients indicates that
the lymphoma cells do not need fully structured peripheral
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Fig. 5 Adhesion and homing
receptor expression by Bc-
DLFL.1 lymphoma cells.
Lymphoma cells from Rag1−/−

recipients’ mLN were labeled for
various adhesion molecules
(indicated at the vertical axis) and
surface Ig κ-chain together with
B220 staining. Density plots
depict the expression of adhesion
molecule plotted against surface
Ig κ-chain of B220+ lymphocytes
(n = 7)
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lymphoid tissues, as Rag−/− recipients lack follicular dendritic
cells (FDC), the main stromal constituents in follicles [16], al-
though the Bc-DLFL.1 lymphoma cells express CXCR5 chemo-
kine receptor for the B-cell homeostatic CXCL13 chemokine
produced by FDCs [17, 18] (not shown).

Efficient homing to peripheral lymphoid tissues is initiated
by specific interaction between recirculating leukocytes and
endothelial cell surface adhesion molecules. Of the four adhe-
sion receptors tested we found that, under identical labeling
conditions, the expression of ICAM-1 and LFA-1 was higher
compared to those of L-selectin and α4 integrin. The com-
bined level of latter two molecules, however, may be suffi-
cient to promote mLN-directed migration, as the high endo-
thelial venules in mLN co-express PNAd and MAdCAM-1
addressins as docking molecules for L-selectin and α4
integrin, respectively, whereas the lower level of L-selectin
may reduce the degree of lymphoma homing to pLN where
only PNAd acts as homing addressin [19].

Importantly, in addition to the grossly enlarged mLNs, the
mesenteric perivascular adipose cuffs also showed an extensive
tumor infiltrate. Our findings indicate that, within the adipose-
associated vasculature of the mesentery, LYVE-1-positive lym-
phatic vessels contain large number of lymphoma cells. These
lymphatics share numerous phenotypic and transcriptional fea-
tures with the venous sack-derived lymphatic vessels that drain
the skin towards the pLNs; however, their embryonic formation
from local mesodermal precursors in the dorsal mesentery is a
region-specific process, as it is promoted by the local
arteriogenesis with the involvement of CXCR4/CXCL12 interac-
tion [20]. The lymphoma cell-laden mesenteric lymphatics raised
the possibility that the lymphoma cells may enter the mLNs via
these segments. In the intraperitoneal lymphocyte recirculation
under physiological circumstances the main exchange occurs
through the milky spots in the omentum [21], but other migratory
pathways and locations with distinct integrin requirements and
lymphocyte preferences may also be present [22]. The lymphatic
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Fig. 6 Mesenteric propagation of
Bc-DLFL.1 lymphoma cells
involves lymphatic vessels. a
Perivascular spreading in the
mesentery (arrow) draining
towards the mLN (arrowhead) of
Bc-DLFL.1 lymphoma cells in
BALB/c recipient following ip.
injection involves b a compact
accumulation of B220-positive
lymphoma cells (brown with blue
hematoxyline counterstain), also
visible in dilated lymphatic
vessels (arrow in c; H&E stain). d
Dual immunofluorescent staining
of mesentery for LYVE-1 (green)
and B220 (red) shows tight
clustering both inside and outside
the lymphatic capillaries. e mLN
section stained for B220 (red) and
LYVE-1 also demonstrates
numerous lymphoma cells both in
the subcapsular sinus (arrowhead)
and the corticomedullary
lymphatic sinuses (arrow),
whereas f the PNAd-positive
HEVs labeled with MECA-79
mAb (green, arrowhead) are
devoid of lymphoma cells (n = 5;
scale bars =100 μm)
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vessels of mesentery are engaged in processing the largest fraction
of lymph flow from the gut towards themLNs [23] andmay act as
such a draining element. In addition, the mesenteric perivascular
fat tissue also harbors aggregates composed of type 2 innate lym-
phoid cells producing Th2-type cytokines that promote peritoneal
B1 B-cell survival [24]. However, the direct entry and subsequent
migration of intraperitoneally injected cells (either normal resting
lymphocytes or Bc-DLFL.1 lymphoma cells) as first steps of lym-
phatic propagation require further investigation.

Once traversed into the mesenterial lymphatics, leukocytes
may enter the mLNs via the afferent lymphatics. In contrast to
the homing via the blood endothelial cells within the high en-
dothelial venules (HEVs), this type of lymphoid cell homing to
peripheral lymph nodes (pLNs) has only recently been ad-
dressed. According to these findings, skin-derived dendritic
cells and also lymphatic-derived T cells require CCR7 and li-
gand binding to several adhesion proteins (ICAM-1 and
VCAM-1) for trans-lymphatic migration. Here the migratory
cells are also influenced by the activity of S1P1 receptor in
determining entry versus egress through the lymphatics, as de-
fined by the combination of sensitization/desensitization effects
of CCL19/CCL21 and S1P gradients [25, 26]. During this pro-
cess T cells are also exposed to IL7 acting as survival factor
[27]. The dissemination of germinal center-derived B- lympho-
ma cells may be related to the activity of sphingosine-1-
phosphate receptor-2 (S1PR2), as mutations affecting S1PR2
or its associated partners Gα12 and Gα13 cause impaired con-
finement and subsequent dissemination of lymphoma cells
[28]. It remains to be determined whether the above adhesion
proteins or migratory signalization pathways are affected in the
restricted in vivo abdominal propagation of Bc-DLFL.1 cells.
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