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Significant attention has been given to the role played by non-hematopoietic cells in the immune
organs, including the lymph nodes, in hopes of understanding the development, maintenance, and reg-
ulation of the immune system. However, the molecular and cellular characterization of non-hematopoi-
etic cells is still in its infancy. Here we show that non-hematopoietic cells in mouse lymph nodes can
be fractionated into previously unidentified subpopulations according to the transgenic reporter
expression of alpha-smooth muscle actin (aSMA). aSMA+ non-hematopoietic cells were predominantly
detected in gp38+CD31� and gp38�CD31� cells. Molecular expression profiles suggest similarities
between aSMA+gp38+CD31� and aSMA�gp38+CD31� subpopulations and dissimilarities between
aSMA+gp38�CD31� and aSMA�gp38�CD31� subpopulations. The results indicate that aSMA is a useful
marker for further understanding the molecular and cellular characteristics of non-hematopoietic cells
in the lymph nodes.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

The lymph nodes play an essential role in the orchestration of
immune responses in mammalian species, including human.
Various non-hematopoietic cells structurally organize the lymph
nodes and functionally provide the stromal microenvironments
for coordinating the immune responses by hematopoietic cells. It
has been shown that the lymph node non-hematopoietic cells
can be subdivided into four distinct populations according to the
expression of the podocyte marker gp38 (podoplanin) and the
endothelial cell marker CD31 (PECAM1). The gp38+CD31� cells
include fibroblastic reticular cells (FRCs), which form a
three-dimensional network in the T cell zones and regulate the
homeostasis and trafficking of T cells [1]. The gp38+CD31+ and
gp38�CD31+ cells contain lymphatic endothelial cells (LECs)
and blood ECs (BECs), respectively, which critically regulate the
egress and entry of lymphocytes [2]. However, the molecular and
cellular characterization of non-hematopoietic cells in the lymph
nodes is still in its infancy.
Alpha-smooth muscle actin (aSMA) is expressed in cells of
smooth muscle lineage in various organs. The aSMA expression
is often associated with perivascular cells (PVCs), including peri-
cytes surrounding microvessels and vascular smooth muscle cells
surrounding large vessels [3,4]. Although aSMA-expressing cells
have been detected also in the lymph nodes [5], the molecular
and cellular characteristics of aSMA+ cells in the lymph nodes
are unclear, especially in the context of well-studied non-hemato-
poietic populations that are subdivided according to the expression
of gp38 and CD31.

In the present study, we examined aSMA expression in lymph
nodes using aSMA-GFP-transgenic mice. Green fluorescent protein
(GFP) expression in those mice faithfully reflects the specific
expression of aSMA and can identify nonvascular and vascular
smooth muscle cells, including renal glomerular mesangial cells,
and a small population of bone marrow stromal cells [6]. Our
results show that GFP+ cells in the lymph nodes of aSMA-GFP-
transgenic mice mostly comprise non-hematopoietic cells and at
the same time contain a small population of hematopoietic cells,
which represent macrophages that have likely acquired GFP pro-
teins from the non-hematopoietic aSMA+ cells. Interestingly,
aSMA-GFP expression in the lymph nodes made possible the iden-
tification of subpopulations of gp38+CD31� and gp38�CD31� non-
hematopoietic cells. The results have enabled the identification of
hitherto unknown subpopulations of non-hematopoietic cells in
the lymph nodes.
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2. Materials and methods

2.1. Mice

aSMA-GFP-transgenic mice in C57BL/6 (B6) background, which
express GFP under the control of smooth muscle type alpha-actin
(aSMA) promoter, were originally from the National Eye Institute,
National Institutes of Health, USA [6]. B6 mice were obtained from
SLC (Shizuoka, Japan), whereas B6-Ly5.1 mice were maintained in
our laboratory. The mice were maintained under specific patho-
gen-free conditions in our animal facility. The experiments were
conducted under the approval of the Institutional Animal Care
and Use Committee of University of Tokushima.

2.2. Bone marrow chimeras

Bone marrow cells were depleted of T cells by using anti-Thy1.2
magnetic beads (Miltenyi Biotec). Recipient mice were lethally
irradiated (10 Gy) and injected intravenously with 1–2 � 107

T-cell-depleted bone marrow cells. The lymph nodes were
analyzed 8–11 weeks after the reconstitution.

2.3. Enzymatic digestion of lymph nodes

Cervical, axillary, brachial, inguinal, and mesenteric lymph
nodes were dissected into small pieces and incubated in RPMI-
1640 medium containing 0.2 mg/ml collagenase P, 0.8 mg/ml dis-
pase (Roche), and 0.1 mg/ml DNase I (Roche) at 37 �C [7]. To enrich
non-hematopoietic cells, leukocytes and erythroid cells were
depleted by incubating the cell suspension with anti-CD45 and
anti-TER119 microbeads and passing over a MACS column (Milte-
nyi Biotec).

2.4. Flow cytometric analysis and cell sorting

Anti-FccR monoclonal antibody (clone 2.4G2) was added before
antibody staining to block FccR-mediated binding of staining anti-
bodies to the cells. Collagenase-digested lymph node cells were
incubated for 20 min on ice with fluorochrome-conjugated anti-
bodies (eBioscience). We used antibodies specific for CD11b,
CD11c, CD29, CD31, CD44, CD45, CD45.1, CD45.2, CD54, CD90
(Thy-1), CD105, CD106 (VCAM-1), CD326 (EpCAM), gp38, I-Ab,
LTbR, PDGFRa, PDGFRb, and the TER119 determinant. Cells were
resuspended in phosphate-buffered saline (PBS) containing 5 lM
propidium iodide (PI) to exclude dead cells. Multicolor flow cyto-
metric analysis and cell sorting were performed using FACSAria II
(BD Biosciences). Data were analyzed by using FlowJo software
(Tree Star).

2.5. Quantitative RT-PCR analysis

Total RNA prepared with an RNeasy Plus Micro Kit (Qiagen) was
reverse-transcribed with oligo-dT primer and SuperScript III
reverse transcriptase (Invitrogen). Quantitative real-time PCR was
performed using SYBR Premix Ex Taq (TaKaRa) on a 7900HT Fast
Real-Time PCR System (Applied Biosystems). The amplified prod-
ucts were confirmed to be single bands by gel electrophoresis
and normalized to the amount of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) amplification products. Primer sequences
are listed in Supplementary Table S1.

2.6. Immunofluorescence analysis

Tissues were fixed in 4% paraformaldehyde, incubated in
10–30% sucrose in PBS, embedded in OCT compound (Sakura
Tissue-Tek), and frozen. Cryostat sections (5-lm-thick) were incu-
bated with biotinylated antibodies specific for CD3, B220, CD11b,
PNAd, and gp38, and then with AlexaFluor 633-conjugated strepta-
vidin (Invitrogen). Sections were also stained with ER-TR7 followed
by AlexaFluor 546-conjugated anti-rat IgG antibody (Invitrogen).
Images were analyzed with a TSC SP8 confocal laser-scanning
microscope and Leica Confocal software (LAS AF Version 3.2.1,
Leica).

2.7. Statistical analysis

For comparison of two groups, p-values were obtained using the
Student’s t-test (unpaired, two-tailed, 95% confidence interval) and
statistical significance was denoted by p < 0.05, p < 0.01, and
p < 0.001, which were shown as ⁄, ⁄⁄, and ⁄⁄⁄, respectively.
Statistical analysis was performed with Prism 4.0 (GraphPad
Software).
3. Results

3.1. aSMA-GFP expression in lymph nodes

It was reported that GFP expression in aSMA-GFP-transgenic
mice faithfully reflects the specific expression of aSMA and can
identify vascular and nonvascular smooth muscle cells as well as
a small population of bone marrow stromal cells [6]. In order to
characterize aSMA-expressing cells in the lymph nodes, we first
examined GFP expression in paraformaldehyde-fixed sections of
inguinal lymph nodes from aSMA-GFP-transgenic mice. GFP sig-
nals, which were detectable in various areas of the lymph nodes
(Fig. 1A), were distributed in the T cell area, where CD3+ T cells
were accumulated, and the non-T non-B area, where neither
CD3+ T cells nor B220+ B cells were enriched (Fig. 1B–D). GFP sig-
nals were less pronounced in B cell follicles where B220+ B cells
were accumulated (Fig. 1A and C). Some GFP signals in the non-T
non-B area closely surrounded PNAd-expressing high endothelial
venules (HEVs), in the same manner as that observed in PVCs
(Fig. 1E). Other GFP signals in the non-T non-B area were heteroge-
neous with regard to the co-expression with gp38; some GFP sig-
nals merged with gp38 signals (Fig. 1F, arrowheads) whereas
others did not (Fig. 1F, arrows), and many gp38+ cells were nega-
tive for GFP expression (Fig. 1F, asterisks). These results agreed
with a previous report showing that aSMA-expressing cells were
detectable in the lymph nodes [5], and indicated that aSMA-GFP-
expressing cells in the lymph nodes were heterogeneous with
regard to the localization and the co-expression with gp38.

3.2. Flow cytometric analysis of aSMA-GFP-expressing cells in lymph
nodes

We next characterized aSMA-GFP-expressing cells in the lymph
nodes using flow cytometry. A mixture of cervical, axillary, brachial,
inguinal, and mesenteric lymph nodes were digested with collage-
nase P, dispase, and DNase I. Cells were multi-color-stained for
gp38 and CD31 as well as for the leukocyte marker CD45 and the
erythrocyte marker TER119. GFP+ cells were detectable in approxi-
mately 0.05–0.1% of viable TER119� non-erythroid cells (Fig. 2 top
panels, Table 1). Interestingly, the GFP+ cells were clearly heteroge-
neous with regard to the expression intensity of GFP, and thus could
be subdivided into GFPhigh (GFP(hi)) and GFPlow (GFP(lo)) cells
(Fig. 2 top and middle panels). The majority of the GFPhigh lymph
node cells were TER119�CD45� non-hematopoietic cells, whereas
the GFPlow cells contained both TER119�CD45� non-hematopoi-
etic cells and TER119�CD45+ leukocytes (Fig. 2 middle panels). Both
GFPhigh and GFPlow non-hematopoietic cells were predominantly
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Fig. 1. Immunofluorescence analysis of GFP-expressing cells in the lymph nodes of aSMA-GFP-transgenic mice. Inguinal lymph nodes from 8-week-old mice were multi-
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Fig. 2. Flow cytometric analysis of GFP-expressing cells in the lymph nodes of aSMA-GFP-transgenic mice. Collagenase-digested lymph node cells were obtained from 9- to
10-week-old aSMA-GFP and B6 mice. The SSC-W versus SSC-A plot was analyzed to exclude cellular aggregates, whereas the TER119 + PI versus FSC-H plot was analyzed to
exclude erythroid cells, dead cells, and non-cellular debris. Numbers indicate frequency of cells within indicated areas. Shown are representative results from four
independent experiments.
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gp38+CD31�, whereas GFP� non-hematopoietic cells contained four
subpopulations that could be distinguished according to the
expression of gp38 and CD31 (Fig. 2 bottom panels, Table 1).
GFPhigh non-hematopoietic cells contained a small fraction of
gp38�CD31� cells, whereas GFPlow non-hematopoietic cells
contained small fractions of gp38�CD31� cells and gp38�CD31+



Table 1
Composition of lymph node cells from aSMA-GFP-transgenic mice.

PI-TER119-cells Frequency (%) Cell number (�103/mouse)

100 63,550 ± 6794

GFP(�) 99.8 ± 0.02 63,467 ± 6776
CD45+ 99.5 ± 0.08 63,165 ± 6695
CD45� 0.06 ± 0.003 40 ± 5

gp38+CD31� 9 ± 0.7 4 ± 0.6
gp38�CD31� 20 ± 1 8 ± 1
gp38�CD31+ 60 ± 2 24 ± 3
gp38+CD31+ 10 ± 1 4 ± 1

GFP(lo) 0.04 ± 0.007 26 ± 7
CD45+ 56 ± 6 13 ± 2
CD45� 34 ± 5 9 ± 3

gp38+CD31� 76 ± 5 7 ± 3
gp38�CD31� 8 ± 2 0.5 ± 0.1
gp38�CD31+ 15 ± 3 1 ± 0.3

GFP(hi) 0.02 ± 0.005 12 ± 4
CD45+ 1.8 ± 0.6 0.2 ± 0.09
CD45� 83 ± 2 10 ± 3

gp38+CD31� 91 ± 1 9 ± 3
gp38�CD31� 7 ± 0.6 0.6 ± 0.2

Lymph node cells were obtained from cervical, axillary, brachial, inguinal, and mesenteric lymph nodes.
Means and SEMs (n = 4) of absolute cell numbers are shown.
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cells (Fig. 2 bottom panels, Table 1). These results indicated that
GFP+ lymph node cells contained GFPhigh and GFPlow cells and that
the GFPhigh lymph node cells were mostly non-hematopoietic cells
whereas the GFPlow cells contained both non-hematopoietic and
hematopoietic cells. The GFPhigh and GFPlow non-hematopoietic
cells were enriched with gp38+CD31� cells.
3.3. aSMA-GFPlow hematopoietic cells are macrophages

Analysis of the isolated GFPlowCD45+TER119� viable lymph
node cells by confocal microscopy indicated that the GFPlow
hematopoietic cells were indeed CD45+ leukocytes (Fig. 3A and B).
In contrast, the isolated GFPhighCD45�TER119� viable lymph node
cells were CD45� and therefore non-hematopoietic (Fig. 3A and
B). In order to further characterize the GFPlow and GFPhigh cells,
we generated bone marrow chimera mice to distinguish donor
bone-marrow-derived hematopoietic cells from host non-hemato-
poietic cells. For this purpose, T-cell-depleted bone marrow cells
from aSMA-GFP-transgenic mice (CD45.1�CD45.2+) were trans-
ferred into lethally irradiated B6-Ly5.1 mice (CD45.1+CD45.2�).
We designated these bone marrow chimera mice as GFP > Ly5.1
mice (Fig. 3C). Simultaneously, T-cell-depleted bone marrow cells
from B6-Ly5.1 mice were transferred into lethally irradiated
aSMA-GFP-transgenic mice, and these bone marrow chimera mice
were designated as Ly5.1 > GFP mice (Fig. 3C). The analysis of GFP
expression in enzyme-digested lymph node cells revealed that
GFPlow cells were detectable in both GFP > Ly5.1 and Ly5.1 > GFP
mice, whereas GFPhigh cells were detectable in only Ly5.1 > GFP
mice (Fig. 3C top panels). The GFPlow cells in GFP > Ly5.1 mice were
exclusively CD45.1�CD45.2+ and were therefore derived from bone
marrow hematopoietic cells (Fig. 3C bottom panels), reconfirming
that aSMA-GFPlow lymph node cells contained cells of hematopoi-
etic origin. In contrast, the GFPlow cells in Ly5.1 > GFP mice were a
mixture of CD45.1+CD45.2� donor bone-marrow-derived leuko-
cytes, CD45.1�CD45.2+ host irradiation-resistant leukocytes, and
CD45.1�CD45.2� host non-hematopoietic cells (Fig. 3C bottom pan-
els). These results indicated that the aSMA-GFPlow lymph node cells
were indeed a mixture of host non-hematopoietic cells and donor
hematopoietic cells that acquired GFP proteins from host cells,
whereas the aSMA-GFPhigh lymph node cells were exclusively
non-hematopoietic.
The aSMA-GFPlow hematopoietic cells detected in either combi-
nation of the bone marrow chimera mice were CD11b+CD11c+I-Ab+

(Fig. 3D), resembling macrophages. It was likely that these macro-
phages in the lymph nodes acquired GFP proteins from non-hema-
topoietic aSMA-GFP+ cells.
3.4. Molecular expression profiles of aSMA-GFP+ non-hematopoietic
cell subpopulations

Finally, we examined the molecular expression profiles
of aSMA-GFP+ cells in gp38�CD31� and gp38�CD31+ non-hemato-
poietic (CD45�TER119�) lymph node cells. As shown in Fig. 4A, flow
cytometric analysis of cell-surface proteins revealed that aSMA-
GFP+ and aSMA�GFP� subpopulations in gp38�CD31� non-hema-
topoietic lymph node cells had quite dissimilar expression profiles
of cell-surface molecules. In contrast, aSMA-GFP+ and aSMA-GFP�-

subpopulations in gp38+CD31� non-hematopoietic lymph node
cells had very similar expression profiles of cell-surface molecules
(Fig. 4A). Indeed, the expression profiles of the cell-surface mole-
cules were similar among aSMA-GFP+ gp38�CD31�, aSMA-GFP+

gp38+CD31�, and aSMA-GFP� gp38+CD31� subpopulations in
non-hematopoietic lymph node cells, although the expression pro-
files of CD140a, I-Ab, and CD90 were distinct between aSMA-GFP+

gp38�CD31� subpopulation and aSMA-GFP+ gp38+CD31�

and aSMA-GFP� gp38+CD31� subpopulations (Fig. 4A).
The aSMA-GFP� gp38�CD31� non-hematopoietic cell subpopula-
tion differed from the three other subpopulations in the expression
of the cell-surface molecules examined (Fig. 4A). These molecular
expression profiles suggested similarities between aSMA+gp38+-

CD31� and aSMA�gp38+CD31� subpopulations of lymph node
non-hematopoietic cells, and dissimilarities between aSMA+gp38�

CD31� and aSMA�gp38�CD31� lymph node non-hematopoietic
subpopulations.

We further isolated aSMA-GFP� gp38�CD31�, aSMA-GFP+-

gp38�CD31�, aSMA-GFP� gp38+CD31�, and aSMA-GFP+gp38+-

CD31� non-hematopoietic lymph node cell subpopulations with
a cell sorter and examined the expression of various mRNAs by
quantitative RT-PCR analysis. The expression profiles of Acta2
(aSMA), GFP, and Pdpn (podoplanin, gp38) verified the successful
isolation of the indicated cell subpopulations (Fig. 4B). Like Acta2,
genes encoding conventional PVC markers, such as SM22, RGS5,
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and NG2, showed higher expression in aSMA-GFP+ than aSMA-
GFP� subpopulations of individual non-hematopoietic cells
(Fig. 4B), in agreement with the successful purification of aSMA-
GFP+ and aSMA-GFP� subpopulations. The fact that the PVC-asso-
ciated genes were most strongly expressed in aSMA-GFP+gp38�-

CD31� non-hematopoietic lymph node cells indicated that this
population was enriched with PVCs. Whereas the expression of
NG2 was detected in only gp38�CD31� cells, the FRC-associated
gene IL7 was specifically detected in gp38+CD31� cells (Fig. 4B),
suggesting that gp38�CD31� and gp38+CD31� cells are function-
ally distinct, irrespective of the expression of aSMA-GFP.

Chemokines are important for the regulation of trafficking and
localization of immune cells in the lymph nodes. Interestingly,
the expression of chemokine genes, including CCL2, CCL19,
CCL25, CXCL14, and CX3CL1, was significantly different between
aSMA-GFP+ and aSMA-GFP� subpopulations of gp38+CD31� non-
hematopoietic cells, whereas the expression of CCL3, CCL19,
CXCL1, CXCL2, and CXCL10 genes was significantly different
between aSMA-GFP+ and aSMA-GFP� subpopulations of gp38�-

CD31� non-hematopoietic cells (Fig. 4C). Thus, the positive and
negative expression of aSMA-GFP revealed functionally distinct
subpopulations in gp38-CD31� and gp38+CD31� non-hematopoi-
etic lymph node cells.
4. Discussion

The present results indicate that aSMA expression can identify
hitherto unknown subpopulations of non-hematopoietic cells in
the lymph nodes of aSMA-GFP-transgenic mice. The gp38+CD31�
non-hematopoietic lymph node cells, previously known to contain
FRCs, can be clearly subdivided into aSMA+ and aSMA� subpopu-
lations that are similar in regard to the expression of several cell-
surface molecules but different in terms of chemokine gene
expression. The gp38�CD31� non-hematopoietic lymph node cells,
which contain PVCs, can also be clearly subdivided into aSMA+ and
aSMA� subpopulations that differ in the expression of cell-surface
molecules and chemokine genes. Given growing evidence suggest-
ing that lymph node non-hematopoietic cells are highly heteroge-
neous [8], the clear-cut positive and negative expression of aSMA
reported in this study is a useful tool for the further characteriza-
tion of non-hematopoietic cells in the lymph nodes.

The present results also indicate that GFPlow cells in the lymph
nodes of aSMA-GFP-transgenic mice include a fraction of hemato-
poietic cells. Bone marrow chimera experiments reconfirmed that
these cells are hematopoietic and likely macrophages that have
acquired GFP proteins from GFPhigh aSMA+ non-hematopoietic
cells. Such activity by a fraction of hematopoietic cells, particularly
macrophages, should be carefully considered in future analysis of
non-hematopoietic cells in the lymph nodes.

It has been shown that aSMA+ PVCs contain multipotent cells
capable of differentiating into other cell types such as osteoblasts
and adipocytes [4,9,10]. During tissue injury, PVCs in various organs
are known to differentiate into aSMA+ myofibroblasts to facilitate
injury repair, tissue remodeling, and fibrosis by producing
extracellular matrix components [10–14]. It is still unclear
which aSMA+ lymph node cell subpopulation possesses such
progenitor potential. In this regard, it is important to delineate
the characteristics of the multiple aSMA+ lymph node cell
subpopulations described in this study.



GFP(+)  

gp38-  
CD31- 

GFP(-)  

LT R 
(TNFRIII) 

CD140b 
(PDGFR ) 

CD54 
(ICAM-1) 

CD106 
(VCAM-1) CD44 CD90 

(Thy-1) 
CD105 

(Endoglin) 

GFP(+)  

gp38+  
CD31- 

GFP(-)  

CD140a 
(PDGFR ) 

I-Ab

(MHC class II) 
CD326 

(EpCAM) 
CD29 

(Integrin 1) 

CD45 - 
TER119 - 

PI -     

A 

B Acta2 

 * 
 ** 

 ** 

 ** 
 ** 

 * 

GFP 

ND ND 

IL7 

Pdpn

ND ND ND 

NS 

ND ND 

SM22  **  ** 
 * 

m
R

N
A 

le
ve

ls
 re

la
tiv

e 
to

 G
AP

D
H

 G
FP

(-)
 g

p3
8-

 C
D

31
- 

 G
FP

(+
) g

p3
8-

 C
D

31
- 

 G
FP

(-)
 g

p3
8+

 C
D

31
- 

 G
FP

(+
) g

p3
8+

 C
D

31
- 

  g
p3

8+
 C

D
31

+ 
 g

p3
8-

 C
D

31
+ 

NG2 

ND 

 *  *** 

RGS5  **  * 
NS 

 G
FP

(-)
 g

p3
8-

 C
D

31
- 

 G
FP

(+
) g

p3
8-

 C
D

31
- 

 G
FP

(-)
 g

p3
8+

 C
D

31
- 

 G
FP

(+
) g

p3
8+

 C
D

31
- 

  g
p3

8+
 C

D
31

+ 
 g

p3
8-

 C
D

31
+ 

 G
FP

(-)
 g

p3
8-

 C
D

31
- 

 G
FP

(+
) g

p3
8-

 C
D

31
- 

 G
FP

(-)
 g

p3
8+

 C
D

31
- 

 G
FP

(+
) g

p3
8+

 C
D

31
- 

  g
p3

8+
 C

D
31

+ 
 g

p3
8-

 C
D

31
+  G

FP
(-)

 g
p3

8-
 C

D
31

- 
 G

FP
(+

) g
p3

8-
 C

D
31

- 
 G

FP
(-)

 g
p3

8+
 C

D
31

- 
 G

FP
(+

) g
p3

8+
 C

D
31

- 
  g

p3
8+

 C
D

31
+ 

 g
p3

8-
 C

D
31

+ 

CCL19  ** 

 * 

 *** 

NS 

NS 

 ** 

NS  ** 
 ** 

ND ND ND 

ND ND ND 

 * 

 ** 

ND ND ND 

NS 

CCL2 

CCL7 

CCL11 

CCL9 

CCL3 

CCL25 

CXCL4 

CXCL5 

CX3CL1 

 * NS 

NS 

ND ND 

 ** 
NS 

NS 

 *** 
NS 

NS 

NS 

ND ND ND ND 

NS  * 
 ** 

NS 

NS 

ND ND ND 

ND ND 

NS 

NS 

CXCL13 

CXCL16 

 G
FP

(-)
 g

p3
8-

 C
D

31
- 

 G
FP

(+
) g

p3
8-

 C
D

31
- 

 G
FP

(-)
 g

p3
8+

 C
D

31
- 

G
FP

(+
) g

p3
8+

 C
D

31
- 

  g
p3

8+
 C

D
31

+ 
 g

p3
8-

 C
D

31
+ 

 * 
CXCL2 NS 

NS 

 *** CXCL12 

NS 

NS 

 ** 
CXCL1 

NS 

NS 

ND ND ND 

 * 

CXCL14 
 ** 

CXCL9 

NS 

NS 

 ** 

 * 

CXCL10 
NS 

CCL21 

 G
FP

(-)
 g

p3
8-

 C
D

31
- 

 G
FP

(+
) g

p3
8-

 C
D

31
- 

 G
FP

(-)
 g

p3
8+

 C
D

31
- 

 G
FP

(+
) g

p3
8+

 C
D

31
- 

  g
p3

8+
 C

D
31

+ 
 g

p3
8-

 C
D

31
+ 

 G
FP

(-)
 g

p3
8-

 C
D

31
- 

 G
FP

(+
) g

p3
8-

 C
D

31
- 

 G
FP

(-)
 g

p3
8+

 C
D

31
- 

G
FP

(+
) g

p3
8+

 C
D

31
- 

  g
p3

8+
 C

D
31

+ 
 g

p3
8-

 C
D

31
+ 

 G
FP

(-)
 g

p3
8-

 C
D

31
- 

 G
FP

(+
) g

p3
8-

 C
D

31
- 

 G
FP

(-)
 g

p3
8+

 C
D

31
- 

 G
FP

(+
) g

p3
8+

 C
D

31
- 

  g
p3

8+
 C

D
31

+ 
 g

p3
8-

 C
D

31
+  G

FP
(-)

 g
p3

8-
 C

D
31

- 
 G

FP
(+

) g
p3

8-
 C

D
31

- 
 G

FP
(-)

 g
p3

8+
 C

D
31

- 
 G

FP
(+

) g
p3

8+
 C

D
31

- 
  g

p3
8+

 C
D

31
+ 

 g
p3

8-
 C

D
31

+ 
C 

m
R

N
A 

le
ve

ls
 re

la
tiv

e 
to

 G
AP

D
H

Fig. 4. (A) Flow cytometric analysis of aSMA+ and aSMA� non-hematopoietic lymph node cell subpopulations. Indicated lymph node cell subpopulations from 8- to 10-week-
old aSMA-GFP-transgenic mice were analyzed for the expression of indicated cell-surface molecules. Shaded areas denote control staining of the cells stained with normal rat
IgG. Shown are representative results from three independent experiments. (B) Quantitative RT-PCR analysis of aSMA+ and aSMA� non-hematopoietic lymph node cell
subpopulations. Indicated lymph node cell subpopulations from 8- to 11-week-old aSMA-GFP-transgenic mice were analyzed for the expression of indicated genes by
quantitative RT-PCR. GFP(+) and GFP(�) represent aSMA-GFP+ and aSMA-GFP�, respectively. mRNA levels were normalized to the housekeeping GAPDH mRNA level. Data
represent means and SEs of three independent measurements. (C) Quantitative RT-PCR analysis of chemokine gene expression. Indicated lymph node cell subpopulations
from 8- to 11-week-old aSMA-GFP-transgenic mice were analyzed for the expression of indicated genes by quantitative RT-PCR. GFP(+) and GFP(�) represent aSMA-GFP+ and
aSMA-GFP�, respectively. mRNA levels were normalized to the housekeeping GAPDH mRNA level. Data represent means and SEs of three independent measurements. Among
the genes examined (listed in Supplementary Table S1), CCL1, CCL4, CCL5, CCL6, CCL8, CCL12, CCL17, CCL20, CCL22, CCL24, CCL27, CCL28, Cinc2-like, CXCL7, CXCL11, CXCL15,
and XCL1 were not detected in any of the cell subpopulations analyzed. Statistical comparison was performed with the Student’s t-test. ⁄p < 0.05; ⁄⁄p < 0.01; ⁄⁄⁄p < 0.001; NS,
not significant (p P 0.05); ND, not detectable.

246 K. Togoo et al. / Biochemical and Biophysical Research Communications 449 (2014) 241–247



K. Togoo et al. / Biochemical and Biophysical Research Communications 449 (2014) 241–247 247
In conclusion, we have identified hitherto unknown subpopula-
tions of lymph node non-hematopoietic cells, by the use of aSMA-
GFP-transgenic mice. Our findings are expected to be useful for the
further characterization of non-hematopoietic cells in immune
organs, in an attempt to understand the development, mainte-
nance, and regulation of the immune system.
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