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Factor XIIIa-positive dendrocytes are abundant
within the dermis and have been implicated in the
pathogenesis of various disorders, including AIDS-
related Kaposi’s sarcoma. Purified cultures of factor
XIIIa-positive normal dermal dendrocytes have not as
yet been achieved. 12E2 is a cloned cell line derived
from superficial murine dermis where factor XIIIa-
positive dendrocytes are abundant. Subconfluent cul-
tures of 12E2 demonstrate polydendritic cell contours
with thin, elongated membranous projections. These
cells express Factor XIIIa and VCAM-1 by immunohis-
tochemistry and by Western blot analysis of 12E2 cell
lysates. 12E2 cells also constitutively express the
Langerhans-cell-related epitope DEC-205, detected by
NLDC-145 antibody and the CD80 co-stimulatory mol-
ecule, as well as Ia antigen on exposure to interfer-
on-�. Cells so treated exhibit significant ability to
present alloantigens in vitro. 12E2 cells are shown to
express mRNA for numerous cytokines, including
interleukin (IL)-1� , IL-1� , IL-5, IL-6, IL-7, tumor ne-
crosis factor-� and granulocyte macrophage-colony
stimulating factor, by reverse-transcriptase polymer-
ase chain reaction followed by Southern blot hybrid-
ization. Microinjection of 12E2 cells , but not 3T3
control fibroblasts, into footpads of syngeneic and
SCID mice results in lesions that mimic the histology
and immunohistochemistry of human Kaposi’s sar-
coma. In aggregate, these data indicate that 12E2 cells
1) share lineage characteristics with factor XIIIa-
positive dermal dendrocytes, 2) produce mRNA for
numerous cytokines and are cytokine responsive to
interferon-� , and 3) behave in vivo in a manner that
resembles Kaposi’s sarcoma, a condition known to

involve proliferation of human dermal dendrocytes.
(Am J Pathol 2003, 163:1817–1825)

Factor XIIIa-positive dermal dendrocytes (FXIIIaDD) are
bone marrow-derived spindle cells that are diffusely dis-
tributed within the dermis of normal human skin.1 Discov-
ered in 1986, this distinctive cell type is separate from
fibroblasts2 and expresses the transglutaminase, coagu-
lation Factor XIIIa, known to be important in crosslinking
of fibrin and fibronectin.3 The physiological function of
FXIIIaDD has not been established definitively, although
roles in wound healing and MHC class II-restricted anti-
gen presentation have been proposed.4–6 Nickoloff and
Griffiths7 have implicated these cells in the histogenesis
and pathogenesis of AIDS-related Kaposi’s sarcoma
(KS). KS is an infiltrative angioproliferative spindle cell
tumor containing, in addition to proliferating endothelium,
numerous FXIIIaDD that, in this pathological setting, also
may express the endothelial antigen, vascular cell adhe-
sion molecule-1 (VCAM-1).8 Experimental studies of the
biology of FXIIIaDD and their potential role in KS have
been limited by inability to obtain purified cultures of
normal FXIIIaDD and paucity of animal models, respec-
tively. However, mouse skin recently has been shown to
harbor cells analogous to human FXIIIaDD.9 In addition,
KS-like lesions may develop in murine skin of transgenic
animals expressing genes that encode for human immu-
nodeficiency virus (HIV)-associated Tat protein or KS-
associated herpesvirus (HHV-8 K1).10,11

The cell line 12E2 was originally cloned from a murine
dermal cell line, DFB1, derived from spindle cells within
the superficial dermis that adhered to enzymatically re-
moved epidermal sheets.12,13 This spatial localization di-
rectly beneath the epidermal layer coincides with a
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known subpopulation of FXIIIaDD,4 and thus we hypoth-
esized that the 12E2 clone may represent a pure popu-
lation of murine FXIIIaDD, and as such, have biological
relevance to the pathogenesis of KS. Our data indicate
that 12E2 cells 1) express FXIIIa, VCAM-1, and inducible
class II antigen, 2) produce mRNA for cytokines relevant
to human dendritic cells and KS lesions, 3) express a
glycoprotein receptor involved in antigen processing and
present alloantigen in vitro, and 4) display growth char-
acteristics in vivo similar to spindle cells in human KS.

Materials and Methods

Cell Culture

The murine dermal cell clone, 12E2, was grown at 37°C
with 5% CO2 in RPMI 1640 containing 10% heat-inacti-
vated fetal bovine serum (Mediatech, Herndon, VA), 2
mmol/L L-glutamine (Life Technologies, Grand Island,
NY), 0.1 mmol/L non-essential amino acids (Life Technol-
ogies), 1 mmol/L sodium pyruvate (Life Technologies), 10
mmol/L HEPES (Life Technologies), 1 �g/ml indometha-
cin (Sigma Chemical, St. Louis, MO), 100 IU penicillin/
100 �g/ml streptomycin (Mediatech) and 5 � 10�5 M
2-mercaptoethanol (Sigma) as previously described.13

Cells were routinely grown in T75 culture flasks and sub-
cultured using 0.025% trypsin/0.01% ethylene diami-
netetraacetic acid in Hank’s balanced salt solution
(HBSS) at 37°C for 5 to 7 minutes (Mediatech) at approx-
imately 70 to 80% confluency. Murine fibroblast BALB/
3T3 (clone A31), keratinocyte PAM212, and endothelial
3B-11 cell lines (ATCC, American Type Culture Collec-
tion, Manassas, VA) were grown according to ATCC pro-
tocols. In certain experiments, cells were exposed to
recombinant murine interferon-� (IFN-�; PeproTech Inc,
Rocky Hill, NJ) at 500 (12E2 and 3T3) or 5000 IU/ml
(12E2) for 48 hours.

12E2 Growth Characteristics

Doubling time was determined by plating 7.5 � 104 cells
per T75 flask (1000 cells per cm2) in complete media.
Cells were collected by trypsinization from triplicate
flasks at 24, 48, 72, and 96 hours and viable cell number
using trypan blue exclusion was determined with a he-
macytometer. Doubling time was calculated from data
generated during logarithmic phase of growth.

Morphology

Cultured cells were evaluated by phase contrast micros-
copy and conventional transmission electron micros-
copy. In vivo injected cells were analyzed via hematoxylin
and eosin (H&E) staining of paraffin-embedded and/or
frozen sections.

Antibodies

Antibodies for immunohistochemistry included 1:25 dilu-
tion of rabbit anti-human factor XIIIa and rabbit control

(Biogenex, San Ramon, CA), 1:50 dilutions of rat mono-
clonal anti-murine CD31, CD34, Mac-1 (CD11b), VCAM-1
(CD106), isotype-matched irrelevant control (BD Phar-
mingen, San Diego, CA), and NLDC-145 antibody (rat
monoclonal anti-DEC-205, Bachem Bioscience, King of
Prussia, PA), 1:100 dilutions for rat monoclonal anti-mu-
rine I-A (b,d,q haplotypes) and panendothelial antibodies
(clone MECA-32), hamster monoclonal anti-murine ICAM
(CD54), and hamster isotype-matched irrelevant control
(BD Pharmingen); 1:50 dilution of rabbit anti-human fac-
tor XIIIa (Calbiochem, La Jolla, CA); and 1:25 dilution of
mouse monoclonal anti-human CD31 (Dako, Carpinteria,
CA).

Immunohistochemistry

12E2 cells were analyzed using BD Falcon culture slides
coated with type IV collagen (Sigma) or 5-�m cryostat
sections of 12E2-microinjected footpads. Immunohisto-
chemistry was performed using a three-step biotin avidin
horseradish peroxidase (HRP) (ABC) system with No-
vaRed substrate kit (Vector Labs, Burlingame, CA).
Briefly, cells or sections were fixed in acetone at �20°C
and then incubated with primary monoclonal antibody or
isotype-matched control antibody for 1 hour at room tem-
perature (RT). After washing in PBS, a species-specific
biotinylated antibody was applied for 30 minutes at RT
followed by ABC. For factor XIIIa immunohistochemistry,
samples were fixed in 4% paraformaldehyde at 4°C for 10
minutes and then, after washing, treated with 0.1% Triton
X-100 (Sigma) for 10 minutes before antibody incubation.

Immunohistochemistry of human KS lesions (n � 5)
was performed using paraffin sections as described
above after 0.1% trypsin treatment (factor XIIIa) or anti-
gen retrieval with 10 mmol/L citrate buffer, pH 6.0 (CD31).
Histological description of typical human KS phenotype
was based on review of archival specimens and correla-
tion with published observations.14,15 Archival conven-
tional histology and immunohistochemistry of 47 cases of
human KS15 were also reviewed for comparison with
findings in 12E2 microinjection sites.

Western Blot Analysis

Cell-free lysates were prepared from cultured 12E2, 3T3,
and 3B-11 cells, and Western blotting was performed as
previously described.16 Briefly, cells were incubated in
lysate buffer [150 mmol/L NaCl, 10 mmol/L Tris-HCl, pH
8.0, containing 1% Triton X-100 and protease inhibitor
cocktail (Sigma)] for 1 hour at 4°C and then centrifuged
twice at 11,000 � g. Protein concentration of lysate prep-
arations was determined using the Micro BCA Protein
Assay Kit per manufacturer’s instructions (Pierce, Rock-
ford, IL). Equivalent amounts of total protein for each
preparation were loaded onto a 7.5% Tris-Glycine-SDS
gel (Ready Gel, Bio-Rad Laboratories, Hercules, CA) and
run at 100V constant voltage. Proteins were electro-
phoretically transferred to Immobilon-P PVDF membrane
and blocked with 5% milk, 10% serum, and 0.1% Tween
20 in PBS (blocking buffer) overnight at 4°C. Membranes
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then were incubated with primary antibody diluted in
blocking buffer for 2 hours at RT, followed by washing in
0.1% Tween 20 in PBS (wash buffer). HRP-conjugated
species-specific secondary antibody (Vector) was used
for 1 hour at RT. Membranes were washed several times
and left overnight in wash buffer at RT. Antibody reactivity
was detected by chemiluminescence using an ECL or
ECL Plus Western blotting detection kit (Amersham Phar-
macia Biotech, Piscataway, NJ) and exposure to X-OMAT
film (Eastman Kodak Company, Rochester, NY). Primary
antibodies for Western blots included rabbit antiserum to
human factor XIIIa (1:5000, Calbiochem), rabbit control
antiserum (1:2500, Biogenex), goat polyclonal anti-mu-
rine VCAM-1 IgG (1:250, R&D Systems, Minneapolis,
MN) and goat polyclonal control IgG (1:35,000; Jackson
ImmunoResearch, West Grove, PA). Human plasma-de-
rived FXIII was purchased from Calbiochem and molec-
ular weight markers were from Sigma.

RT-PCR and Southern Blot Analysis

Total RNA was extracted from 12E2 and PAM212 cultures
using a total RNA isolation kit (Stratagene, La Jolla, CA)
and RT-PCR was performed with first strand synthesis kit
(Stratagene) using primers for IL-1�, IL-1�, IL-3, IL-4,
IL-5, IL-6, IL-7, TNF-�, granulocyte macrophage-colony
stimulating factor (GM-CSF), INF-�, or �-actin (Cytokine
Mapping Amplimer Set; Clontech, Palo Alto, CA) with
AmpliTaq DNA polymerase (Perkin Elmer Cetus, Boston,
MA). The PCR reaction conditions were 91°C for 5 min-
utes and 54°C for 1 minute as first denaturing and an-
nealing, followed by 30 cycles of 72°C for 2 minutes,
91°C for 1 minute, and 54°C for 1 minute, and stopped
after final elongation at 72°C for 7 minutes. Each product
was diluted at 1:2, 1:4, and 1:8 and then electrophoresed
in 1.5% agarose gels, transferred to nylon membranes,
and hybridized with non-RI labeling probes. The probes
were synthesized with cytokine control DNA (Clontech)
according to the method by Lo.17 Samples were de-
tected using a Chemiluminescence Detection System
(Applied Biosystems/Tropix, Bedford, MA), scanned by
image analyzer and semiquantified as relative density by
using NIH Image software.

CFSE Labeling and Detection

Adherent 12E2 cells were washed with PBS containing
calcium and magnesium and then incubated with 5
�mol/L carboxyfluorescein diacetate succinimidyl ester
(CFSE) (Molecular Probes, Inc., Eugene, OR) in PBS
containing magnesium and calcium for 15 minutes at
37°C18 in T75 culture flasks. The CSFE was then removed
and the reaction was blocked by the addition of RPMI
containing 20% fetal bovine serum (FBS). 12E2 cells
were collected by trypsinization 24 hours after CSFE
labeling. CSFE-labeled 12E2 cells were detected in cryo-
sections of footpads or cytospin preparations using poly-
clonal goat anti-fluorescein antibody (Vector) followed by
horse anti-goat HRP (Vector) and development with No-
vaRed substrate kit (Vector).

Footpad Injection of 12E2 or 3T3 Cells

Single-cell suspensions of 12E2 or 3T3 (2 � 106 cells in
50 �l HBSS) were injected intradermally per footpad of
syngeneic BALB/c AnCr (n � 8), SCID/NCr (BALB/c
background; n � 4) or allogeneic CBA/NCr (n � 6) mice.
3T3 cells were injected into BALB/c AnCr (n � 10) and
SCID/NCr (BALB/c background; n � 4). Animals were
purchased from the NCI-Frederick Animal Production
Area, Frederick, Maryland and used at 6 to 20 weeks of
age. Footpads were collected at 1, 2, or 3 weeks.

Tumor Progression and Metastatic Potential of
12E2 Cells

BALB/c AnCr mice were injected with 5 � 106 12E2 cells
in 200 �l HBSS either intradermally in the back skin (n �
6) or intraperitoneally (i.p.) (n � 7) (back skin was chosen
over footpad in view of increased likelihood of detecting
tumorigenic growth at this more compliant site). The skin
was shaved and after injection the area surrounding the
injection site was marked with indelible ink. These areas
were then collected for histological evaluation of tumor
growth potential at 6 weeks post-injection. For i.p. injec-
tions, liver and lung samples were collected for histolog-
ical evaluation of metastases 6 weeks after injection.

Flow Cytometry

12E2 cells were grown in complete media or in complete
media containing 500 IU/ml IFN-� (PeproTech) for 48
hours. The cells were then collected (approximately 70%
to 80% confluency) by incubation in 0.2% EDTA in PBS
for 10 minutes followed by exposure to 0.025% trypsin/
0.01% EDTA for 1 to 2 minutes at 37°C. After washing
with PBS, cells were resuspended in PBS containing
0.1% BSA and 0.02% sodium azide (FACS buffer). 6 �
105 cells were incubated in 1:50 dilutions of FITC-conju-
gated anti-CD40, CD80, CD86, or rat IgG2a control anti-
body (BD Pharmingen) for 30 minutes at 4°C, washed
twice with FACS buffer, fixed with 1% paraformaldehyde
in PBS for 10 minutes and then washed and resuspended
in PBS for flow analysis. For analysis of Ia antigen, cells
were treated similarly, except a two-step labeling method
was used, using a 1:50 dilution of anti-Ia antibody (BD
Pharmingen) followed by a 1:25 dilution of FITC-conju-
gated donkey anti-rat IgG (Jackson ImmunoResearch,
West Grove, PA) for 30 minutes each at 4°C. Two-step
labeling control consisted of secondary antibody alone.
Fluorescence analysis was performed on a Beckman
Coulter XL-MCL analytic cytometer (Beckman Coulter,
Miami, FL).

Mixed Lymphocyte Reaction

B10.BR (H-2k) spleen and lymph node cells were RBC
lysed, labeled with FITC-conjugated anti-CD4 and anti-
CD8 mAbs (BD Pharmingen), incubated with immuno-
magnetic anti-FITC microbeads (Miltenyi Biotec, Berisch-
Gladbach, Germany), and positively selected (�98%
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pure) by Vario MACS column system (Miltenyi). Fixed
numbers of T cells were plated in quadruplicate with
decreasing numbers of irradiated stimulator cells (Balb/C
splenocytes; 12E2 and 3T3 cells with and without 48-hour
exposure to 500 IU/ml IFN-�). Proliferation was assessed
on day 4 after pulsing with 1 �Ci/well [3H]-thymidine
(TdR) for 8 hours using a 1205 Betaplate counter (Wallac,
Turku, Finland). Data are expressed as mean stimulation
index (SI; by dividing stimulator � responder cpm by
mean responder-only cpm) as previously described.19 P
values were calculated using Student’s t-test.

Cytometric Bead Array

12E2 culture supernatant was analyzed for cytokine pro-
duction after 48 hours of culture using a mouse Th1/Th2
cytokine CBA kit (BD Biosciences). Fluorescence analy-
sis was performed using a Beckman Coulter XL-MCL
analytic cytometer (Beckman Coulter).

Results

Expression of FXIIIa and VCAM-1 by Cultured
12E2 Cells

In culture, 12E2 cells attached individually to plastic sur-
faces and, within 4 to 5 days, formed confluent islands of
cells. Trypsinized cell suspensions evaluated during log
phase growth revealed a doubling time of approximately
31 hours. 12E2 cells in subconfluent and confluent cul-
tures typically displayed elaborate polydendritic contours
by phase contrast microscopy (Figure 1A). The dendritic
extensions were further highlighted by immunohisto-

chemical staining with NLDC-145,20,21 a monoclonal an-
tibody to an integral membrane glycoprotein (DEC-205)
expressed by antigen-presenting dendritic cells (Figure
1B). Dendritic extensions measured up to 40 �m, thus
approximating the range of human FXIIIaDD in vivo.4

There was also uniform reactivity for the dermal dendro-
cyte-associated transglutaminase, FXIIIa (Figure 1C),
and for the endothelial-associated glycoprotein, VCAM-1
(Figure 1D). Western blot analyses for immunoreactive
FXIIIa and VCAM-1 derived from 12E2 cell lysates re-
sulted in bands that closely approximated purified human
FXIII (Figure 1E) and mouse VCAM-1 derived from the
SV-40 transformed endothelial cell line, 3B-1122 (Figure
1F), respectively. In contrast to 12E2 cells, cultures of
murine 3T3 fibroblasts failed to exhibit polydendritic con-
tours, NLDC-145 antibody reactivity, or significant FXIIIa
or VCAM-1 expression by immunohistochemistry or
Western blot analyses (data not shown). By transmission
electron microscopy, cultured 12E2 cells contained
polyribosomes, lysosomes, intermediate filaments, and
pinocytotic vesicles. Birbeck granules characteristic of
Langerhans cells or other lineage-specific organelles,
however, were not demonstrated.

Cytokine mRNA Profiles in 12E2 Cells

RT-PCR followed by Southern blot analysis of total RNA
extracted from 12E2 cells was performed using primers
for a panel of cytokines of established relevance to den-
dritic cells.23 mRNA was detected for IL-1� and �, IL-5–7,
TNF-�, and GM-CSF (Figure 2), but not for IL-3, IL-4, and
IFN-� (data not shown). We previously demonstrated IL-7
secretion by 12E2 cells.13 Screening of supernatants of
unstimulated 12E2 cells in culture by cytometric bead
array for a panel of candidate-secreted Th1/Th2 cyto-
kines (IL-2, IL-4, IL-5, IFN-�, and TNF-�) was negative.

Ia Expression and in Vitro Alloantigen
Presentation by 12E2 Cells

Cultured 12E2 cells do not express significant class II (Ia)
antigen constitutively (Figure 3A). We thus examined
12E2 cells for inducible Ia expression after exposure to
recombinant IFN-�. Exposure to 500 IU/ml (Figure 3B) or
5000 IU/ml (Figure 3C) induced incremental diffuse ex-

Figure 1. Phenotypic and immunochemical characterization of 12E2 cells in
vitro. A: By phase contrast microscopy, cells with numerous, thin, elongated
dendrites characterized subconfluent (depicted here) and confluent cultures.
B: Immunohistochemistry for the integral membrane protein (DEC-205)
defined by NLDC-145 monoclonal antibody permitted further confirmation of
the prominent membranous dendritic extensions of cultured 12E2 cells. C
and D: Strong immunoreactivity for FXIIIa (C) and VCAM-1 (D) was re-
stricted primarily to cell bodies, but not dendrites, of 12E2 cells. E and F:
Western blot analyses of 12E2 lysates were positive for FXIIIa (E) and
VCAM-1 (F). The positive band for FXIIIa was detected at approximately 80
kd and for VCAM-1 at approximately 100 kd. The molecular weight for
12E2-derived FXIIIa approximated that of purified human FXIII (E) and
coincided with that previously documented for FXIIIa-derived from murine
macrophages.47 The molecular weight for 12E2-derived VCAM-1 closely
approximated that identified from VCAM-1� lysates of the SV40-transformed
murine endothelial cell line that constitutively expresses VCAM-1 (F). Orig-
inal magnification: �400 (A to D); NovaRed chromagen used in B to D.

Figure 2. Cytokine mRNA expressed by 12E2 detected by RT-PCR and
Southern blot analyses. Each PCR analysis displays three lanes, reflecting
increasing concentration of PCR products. Note positive bands for multiple
cytokines from 12E2 cells, compared to the cytokine-producing control
murine keratinocyte line, PAM212. (mRNA was not detected in 12E2 cells for
IL-3, IL-4, and IFN-�).
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pression of Ia, as detected immunohistochemically. The
Ia induction by IFN-� was also confirmed by flow cytom-
etry. Ia was not detected on unstimulated cells (�1%);
however, exposure to IFN-� resulted in Ia expression,

which was detected on approximately half the cells
(45.5%). 12E2 cells were additionally shown to constitu-
tively express a high level (72%) of the costimulatory
molecule CD80 (B7.1) independent of IFN-�, but not
CD86 (B7.2) or CD40. Because 12E2 cells 1) have
morphological and immunophenotypic similarities to
FXIIIaDD known to present alloantigen,5,6 2) express
DEC-205 integral membrane glycoprotein and the
CD80 costimulatory molecule in common with certain
antigen-presenting cells, and 3) demonstrate class II
antigen on exposure to recombinant IFN-�, we tested
their ability to stimulate alloreactive responder T cells
in a classical mixed lymphocyte reaction. As compared
to stimulation by control, fully allogeneic BALB/c
splenocytes, unstimulated BALB/c-derived 12E2 cells,
induced minimal proliferation of allogeneic responder
T cells at the highest stimulator/responder ratio (1:4;
Figure 3D). However, 12E2 cells preconditioned with
recombinant IFN-� and expressing immunoreactive Ia
confirmed immunohistochemically in cytospin prepara-
tions, exhibited significant allostimulatory activity for
stimulator:responder ratios extending to 1:16 when
compared to positive control BALB/c splenocytes,
(P � 0.027) or IFN-� -preconditioned 3T3 fibroblast
(P � 0.018) (Figure 3D).

Growth Characteristics of 12E2 Cells after
Footpad Microinjection

Human KS has a distinctive growth pattern characterized
by perineurovascular and infiltrative growth by relatively
bland spindle cells composed of FXIIIaDD and associ-
ated endothelial cells.7,14,24 We therefore hypothesized
that 12E2 cells might exhibit KS-like growth characteris-

Figure 3. Recombinant IFN-�-induced Ia expression and allostimulatory
activity by 12E2 cells in vitro. A to C: 12E2 cells were negative to weakly
positive by immunohistochemistry for Ia (A), whereas exposure to increasing
concentrations of recombinant IFN-� induced progressively intense immu-
noreactivity (B and C). D: Fixed numbers of naı̈ve B10.BR T cells were
combined with decreasing numbers of the respective stimulator cell type
(BALB/c-positive control splenocytes (�), unstimulated 12E2 cells (E), 12E2
cells with IFN-� pretreatment (f), and IFN-�-pretreated 3T3-negative control
murine fibroblasts (F) to attain the indicated stimulator:responder ratios.
Proliferation was measured on day 4 of co-culture and the stimulation index
(SI) was calculated (see Materials and Methods). Optimal BALB/c allogeneic
control stimulation at higher stimulator:responder cell ratios is shown. How-
ever, correlative data could not be generated for 12E2 cells as a result of cell
aggregation at these higher ratios. Original magnification, �400 with No-
vaRed chromagen (A to C).

Figure 4. Immunophenotyping and growth characteristics of 12E2 cells in footpad microinjection model at 1 week. A and B: Microinjection of control medium
containing inert carbon failed to influence number or distribution of constitutive FXIIIaDD. C, D, and D inset: In contrast, syngeneic footpads microinjected with
12E2 cells produced a lesion composed of closely-aggregated FXIIIaDD. E: CFSE prelabeling of 12E2 cells before injection and detected immunohistochemically
demonstrated that the experimentally introduced 12E2 cells, and not recipient (constitutive) FXIIIaDD, accounted for this lesion. CFSE label was of variable
intensity within 12E2 cells, consistent with dilution consequent to proliferation (E, inset). F: The in situ growth pattern of 12E2 cells was characterized by
interstitial permeation between collagen and smooth muscle fibers by conventional H&E staining. G and H: Immunohistochemistry (here for CFSE) permitted
detection of envelopment of dermal blood vessels (G) and nerves (H) by infiltrating 12E2 cells. This pattern differed from that of microinjected 3T3 fibroblasts,
which failed to exhibit infiltrative growth. Similar findings were documented in footpads from SCID and allogeneic (CBA) mice, although the latter was associated
with a brisk mononuclear cell infiltrate. Arrows indicate particulate carbon deposits (A and B). m, smooth muscle fiber (F); v, vessel (G); n, nerve fiber (H).
Original magnifications: �100 (A, C, and E); �200 (B and D); �400 (D (inset), E and inset, and F to H). Chromagen is NovaRed except in F, which is H&E.
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tics in situ. Accordingly, an in vivo microinjection bioassay
was developed to assess growth of 12E2 cells introduced
into footpads of syngeneic (BALB/c), allogeneic (CBA),
or immunodeficient (SCID; BALB/c) mice. As compared
to control sites injected with colloidal carbon (Figure 4, A
and B), 12E2 microinjection sites contained numerous
infiltrative FXIIIa-positive cells within 1 week (Figure 4, C
and D) in a pattern that persisted and progressed at 2
and 3 weeks. These FXIIIa-positive cells were proven to
have originated from microinjected 12E2 cells, and not
from proliferation of native FXIIIaDD, by intracellular fluo-
rochrome labeling of 12E2 cells before injection with
CFSE (Figure 4E). Correlative conventional histology of
adjacent sections confirmed an infiltrative growth pattern
of 12E2 cells, with permeation of smooth muscle and
collagen bundles (Figure 4F). CFSE-positive 12E2 cells
were variably immunoreactive with regard to staining in-
tensity and displayed prominent perivascular and peri-
neural growth characteristics (Figure 4, G and H). These
patterns were seen in all recipient strains, although an
inflammatory response was present in the allogeneic re-

cipients. In contrast to FXIIIaDD, fibroblasts are bipolar in
culture and do not express FXIIIa.25 Microinjection of
control 3T3 fibroblasts into syngeneic footpads produced
well-circumscribed, non-infiltrative dermal nodules com-
posed of spindle cells that were negative for FXIIIa,
VCAM-1, and staining by NLDC-145 antibody (data not
shown).

Longer term studies (up to 6 weeks) failed to reveal
clinical or histological evidence of progression of micro-
injected 12E2 cells from KS-like infiltrative growth to ex-
pansile tumors. Moreover, gross examination at necropsy
and serial examination of liver and lung tissue failed to
show metastases within this timeframe. Accordingly, for
the duration of the study period, lesions induced at 12E2
microinjection sites displayed characteristics most
analogous to earlier (non-tumorigenic) stages of KS
development.

To examine more precisely the growth characteristics
of this 12E2 microinjection model in relationship to typical
lesions of human KS, we compared the experimentally
induced murine footpad lesions to conventional histolog-

Figure 5. Comparison of lesions produced by 12E2 microinjection model and human Kaposi’s sarcoma. A and B: Conventional histology of 12E2 microinjection
sites after 1 week, showing infiltration of superficial (A) and deeper (B) dermal layers by bland spindle cells associated with dilated blood vessels. C to F:
Immunohistochemistry of adjacent sections of 12E2 microinjection site (1 week) stained for FXIIIa (C and E) and the endothelial marker, CD31 (D and F),
documenting angiogenesis associated with infiltration of 12E2 cells. G and H: Conventional histology of characteristic human KS lesion. I to L: Immunohisto-
chemistry of adjacent sections of typical human KS lesion stained for FXIIIa (I and K) and CD31 (J and L). Note histological and immunohistochemical similarities
to the 12E2 microinjection sites (A to F). *Corresponding adjacent foci in C to F, I and J, K, and L FXIIIa/CD31 pairs. Original magnifications: �400 (A, E to G,
K, and L) and �200 (B to D, H to J). H&E staining in A, B, G and H. NovaRed chromagen in C to F and I to L.
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ical and immunohistochemical data derived from ar-
chived (n � 47)15 and newly prepared (n � 5) cases of
human cutaneous KS. 12E2-microinjected footpads and
human KS lesions both showed 1) bland infiltrative spin-
dle cell proliferation within the superficial dermis (Figure
5, A and G), 2) cellular spindle cell infiltration within the
deeper dermis (Figure 5, B and H), 3) associated prom-
inence and ectasia of dermal blood vessels (Figure 5, A,
B, G and H), and 4) immunohistochemical profiles con-
sistent with biphasic proliferation of FXIIIa-positive spin-
dle cells (Figure 5, C and E, I and K) and CD31-positive
blood vessels (Figure 5, D and F, J and L), as previously
described for human KS.14,15 The immunophenotype of
microinjected 12E2 cells differed somewhat from the pre-
injection in vitro profiles, with footpad lesions composed
of spindle cells that were positive for FXIIIa, VCAM-1, and
Mac-1 (NLDC-145-negative), and cultured 12E2 cells
positive for FXIIIa, VCAM-1, and NLDC-145 antibody
(Mac-1-negative). In both settings, spindle cells were
negative for ICAM-1, CD34, and panendothelial cell an-
tigen (MECA-32).

Discussion

Our data demonstrate that 12E2, a cloned dermal cell
line, represents the murine equivalent of the human der-
mal dendrocyte. As such, it is the first available pure
population of FXIIIaDD. Like human dermal dendrocytes,
12E2 cells are polydendritic and express the transglu-
taminase FXIIIa. Moreover, both cytokine-stimulated
12E2 cells and FXIIIaDD derived from normal human skin
present antigen in vitro5,6. Finally, 12E2 cells proliferate in
an infiltrative pattern after intradermal microinjection and
express VCAM-1 in vitro and in vivo, both characteristics
of FXIIIaDD in human AIDS-related KS,8 a disorder
in which these cells have been pathogenetically impli-
cated.7

Studies of FXIIIaDD pathobiology have been limited to
human tissues as a result of lack of availability of relevant
cell lines and of animal models; however, we have re-
cently identified a population of FXIIIa-positive dendritic
cells in normal and inflamed murine dermis.9 When orig-
inally isolated, the murine dermal cell line DFB-1 and its
clone, 12E2, were considered to be fibroblast-like cells
that were normally localized directly beneath the epider-
mis and that expressed IL-7 potentially responsible for
proliferation of the �/� subset of T lymphocytes.12,13 Mu-
rine 12E2 cells in vitro intimately envelop certain cloned T
cells in a manner similar to cell-cell relationships encoun-
tered in vivo between FXIIIaDD and mast cells in subep-
ithelial strata of normal human dermis.4 These phenotypic
similarities between the 12E2 cell line and human FXII-
IaDD led to the hypothesis that the former may represent
the murine counterpart of the latter cell type. In addition to
phenotypic and functional overlap between 12E2 cells
and human FXIIIaDD, the striking similarity between
AIDS-related human KS, a lesion containing numerous
FXIIIaDD, and 12E2 growth characteristics in murine foot-
pad provides further evidence supporting 12E2 cells as a
murine counterpart of human FXIIIaDD. Moreover, the

demonstration by others that transgenic mice expressing
either the HIV-associated tat gene, the KS-associated
HHV-8 K1 gene, or the HHV8-encoded chemokine recep-
tor develop spindle cell lesions similar to human
KS10,11,26 indicates that mice harbor requisite skin cells
to produce pathology analogous to human KS.

Compared to cells in situ, cultured cells exist in an
artificial microenvironment and are frequently activated.
Thus, cell cultures may not replicate the in vivo phenotype
with complete fidelity. In this regard, it should be noted
that human FXIIIaDD express VCAM-1 in KS lesions,8 but
not constitutively,5,6 as do 12E2 cells in culture. More-
over, normal human FXIIIaDD are positive for class II
antigens and Mac-1,5,6 while 12E2 cells express these
markers only after exposure to recombinant IFN-� or
intradermal microinjection, respectively. An unexpected
observation was the reactivity of 12E2 cells for NLDC-145
antibody, a marker for murine dendritic cells possessing
the ability to process antigen.20,21 Functional studies re-
ported herein demonstrate that cytokine-stimulated 12E2
cells are capable of presenting alloantigen, and our pre-
vious data indicate that, unlike macrophages, 12E2 cells
are incapable of uptake of acetylated low-density lipopro-
tein.12 In aggregate, these findings are of potential sig-
nificance in view of recent data that indicate that human
FXIIIaDD are capable of antigen processing and presen-
tation.5,6,27,28

We have developed a murine footpad microinjection
bioassay for in situ introduction of cells into the murine
dermal microenvironment. This model permitted evalua-
tion of the premise that 12E2 cells may recapitulate the
growth characteristics of early human KS, a tumor known
to involve FXIIIaDD. Microinjected 12E2 cells, but not 3T3
fibroblasts, demonstrated a perineurovascular and infil-
trative pattern of growth remarkably similar to early le-
sions of human KS.24 As in human disease, the experi-
mentally induced KS-like lesions in murine footpads
expressed FXIIIa and VCAM-1. Additionally, lesions were
confirmed to have originated exclusively from CFSE-la-
beled cultured 12E2 cells. Because CFSE labeling inten-
sity is diluted within progeny of dividing cells,18 qualita-
tive documentation of variability in staining intensity in
adjacent 12E2 cells permitted inference of cell prolifera-
tion within recipient dermis.

Human KS has been studied primarily by tissue exam-
ination of naturally occurring KS lesions and in experi-
mentally induced lesions that develop in human skin
xenografted to SCID mice injected with human herpesvi-
rus-8.29,30 The growth characteristics of human cutane-
ous KS are distinctive, with early lesions showing an
infiltrative pattern by bland FXIIIaDD. The apparently hy-
perplastic cells forming these often multifocal lesions
proliferate over time,31,32 eventuating in locally aggres-
sive sarcoma-like tumors that contain a mixture of FXII-
IaDD and true endothelial cells.14,15 Human FXIIIaDD
derived from KS lesions have been found to harbor HIV
transcripts33 and infection of human KS cells in vitro with
HIV results in production of IL-1� and IL-6,34 both of
which promote growth of human KS spindle cells.35 Sub-
cutaneous injection of HIV Tat protein and/or basic fibro-
blast growth factor (bFGF) induces local development of
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KS-like spindle cell proliferation in mouse skin, with the
former synergizing with the latter by promoting increased
endothelial growth and invasion.36 Based on these and
other data, Ensoli and Gallo35 have advanced the central
hypothesis that KS pathogenesis involves abnormal pro-
duction by infected cells of angiogenic cytokines, includ-
ing, among others, IL-1�, IL-1�, IL-6, GM-CSF, and
TNF-�. These factors, in addition to the effects of HIV Tat
protein, bFGF, and other angiogenic factors,37,38 may
produce repeated cycles of endothelial stimulation and
proliferation that eventuate in cellular transformation and
resultant formation of biologically aggressive neoplasms.
It is therefore of potential significance that 12E2 cells also
express message for IL-1�, IL-1�, IL-6, GM-CSF, and
TNF-�. Moreover, microinjection of 12E2 cells was asso-
ciated with angiogenic proliferation of CD31-positive en-
dothelial cells in a pattern similar to that documented
during the natural evolution of human KS.14,15 Long-term
studies are underway to examine the potentiating effects
of relevant angiogenic proteins and their inhibitors on the
tumorigenic progression and potential for neoplastic
transformation in KS-like lesions experimentally induced
by microinjected 12E2 cells.

Aside from the importance of FXIIIaDD in the patho-
genesis of AIDS-related KS, it has not escaped our notice
that the ability of these cells to perform seemingly dispar-
ate functions,39 such as modulation of extracellular matrix
via transglutaminase expression (FXIIIa) and antigen pre-
sentation, may provide insight into their role in immune-
mediated sclerosing disorders such as scleroderma and
chronic (sclerodermoid) graft-versus-host disease. In
both of these conditions, alloantigen presentation,40,41

exaggerated healing responses resulting in enhanced
collagen deposition,42,43 and hyperplasia of FXIIIaDD in
lesional skin9,44–46 have been implicated. Recognition of
the murine 12E2 cell clone as a relevant analogue for
human FXIIIaDD should facilitate further exploration of
these and other conditions in which these cells play as
yet undefined and potentially central pathogenetic roles.
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