
炎症・再生　Vol.23 No.1 2003494 Mini Review　The role of fibrocytes in progressive renal fibrosis

Mini Review

The role of fibrocytes in progressive renal fibrosis

Norihiko Sakai1), Takashi Wada2,＊), Kouji Matsushima3),
and Shuichi Kaneko1)
1)Disease Control and Homeostasis, Graduate School of Medical Science, Kanazawa University, Kanazawa, Japan
2)Department of Laboratory Medicine, Graduate School of Medical Science, Kanazawa University, Kanazawa, Japan
3)Department of Molecular Preventive Medicine, Graduate School of Medicine, The University of Tokyo, Tokyo,
Japan

  Fibrosis is a common pathway resulting in organ failure. Renal fibrosis is a progressive and potentially

lethal disease caused by diverse clinical entities. The degree of renal fibrosis well correlates with the progno-

sis of renal diseases independent of their etiologies. Fibrocytes are peculiar circulating cells that share

markers of leukocytes as well as mesenchymal cells. A considerable number of fibrocytes dual positive for

CD45 and type I collagen or CD34 and type I collagen infiltrated the interstitium along with the progression

of fibrosis in an experimental murine renal fibrosis model. Most fibrocytes in the kidneys were positive for

CCR7. In addition, a ligand for CCR7, secondary lymphoid tissue chemokine (SLC/CCL21) co-localized with

high endothelial venule-like vessels in fibrotic kidneys. CCL21/CCR7 blockade reduced the number of infil-

trating fibrocytes as well as the extent of renal fibrosis, which was confirmed by a decrease in renal tran-

scripts of pro α1 chain of type I collagen and transforming growth factor-β1. These findings suggest that

CCL21/CCR7 signaling contributes to the progressive renal fibrosis through the regulation of fibrocytes.
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Introduction
　Fibrosis is a characteristic pathological finding of progres-

sive organ diseases, resulting in organ failure. Renal fibrosis is

a progressive and potentially lethal disease caused by diverse

clinical entities1). In addition, the degree of renal fibrosis corre-

lates well with the prognosis of renal diseases independent of

their etiologies2). The histological picture of renal fibrosis is char-

acterized by tubular atrophy and dilation, interstitial leukocyte

infiltration, accumulation of fibroblasts, and increased intersti-

tial matrix deposition3). Currently, resident fibroblasts, epithe-

lial-mesenchymal transition (EMT)-derived fibroblasts/myofi-

broblasts and monocytes/macrophages are thought to be major

participants in the pathogenesis of renal fibrosis4-5).

　A circulating bone marrow-derived population of fibroblast-

like cells (termed fibrocytes), first identified a decade ago, is

thought to be another candidate for participating organ fibrosis6).

Fibrocytes comprise a minor fraction of the circulating pool of

leukocytes (less than 1%) and share the markers of leukocytes
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(e.g., CD45, CD34) as well as mesenchymal cells (e.g., type I

collagen, fibronectin)6). Fibrocytes are present in experimental

fibrosis associated with conditions such as pulmonary fibrosis,

bronchial asthma and skin wounds7-10). Furthermore, fibrocytes

are detected in human fibrosing diseases including nephrogenic

fibrosing dermopathy and burns11-12). Of note, fibrocytes express

chemokine receptors such as CCR7, CXCR4 and CCR27-8). Re-

cent studies demonstrate that chemokine/chemokine receptor

systems on fibrocytes are involved in the recruitment of circu-

lating fibrocytes to sites of fibrosis7-8).

　Here we review the pathophysiological roles of fibrocytes in

renal fibrosis and discuss their trafficking into diseased kidneys

from circulation.

Fibrocytes In An Experimental Renal
Fibrosis Model
1) Presence of fibrocytes in fibrotic kidneys

　One of the unique characteristics of fibrocytes is the simulta-

neous expression of both leukocyte markers, such as CD45 and

CD34, and type I collagen6). Renal fibrosis induced by unilateral

ureteral obstruction (UUO) is a well-known renal fibrosis model

in mice. Recently, we have revealed that fibrocytes dual positive

for CD45 and type I collagen or CD34 and type I collagen were

present in the interstitium, especially of the corticomedullary

regions in wild-type mice fibrotic kidneys after UUO (Fig.1a-

c)13). In addition, the number of infiltrating fibrocytes increased

with the progression of fibrosis after a ureteral ligation (Fig.2).

Thus far, it has been reported that expression of certain chemokine

Fig.1 Fibrocytes dual-positive
for CD45 and type I col-
lagen infiltrated the kid-
ney after ureteral ligation

CD45- and type I collagen-dual posi-
tive fibrocytes infiltrated the interstitium,
especially the corticomedullary regions
in mice kidney (a; CD45, b; merge, c;
type I collagen).

Fig.2 Fibrocytes infiltrated the kidney after ureteral
ligation dependent on CCL21/CCR7 signal-
ing

The number of infiltrating fibrocytes dual positive for CD45 and
type I collagen was reduced in wild-type mice treated with anti-
CCL21 antibodies and in CCR7-null mice compared with that
in wild-type mice 7 days after ureteral ligation. Values are the
mean ±SEM.

Fig.3 CCL21/CCR7 signaling contributed to renal
fibrosis

The extent of renal fibrosis was reduced by 50% in wild-type
mice treated with anti-CCL21 antibodies and in CCR7-null mice
compared with those in wild-type mice 7 days after UUO.  Val-
ues are the mean ±SEM.



炎症・再生　Vol.23 No.1 2003496

receptors, such as CCR7, CXCR4 and CCR2, is detectable on

fibrocytes isolated from humans and mice7-8). These findings

prompted us to perform flow cytometry analyses to characterize

the infiltrating fibrocytes based on expressions of chemokine

receptors.  In wild-type mice, 37.8% of the infiltrating fibrocytes

expressed CCR7 following ureteral ligation13). Among these

CCR7-expressing fibrocytes, 66.5% of cells were positive for

both CXCR4 and CCR2, and 21.1% of cells were positive for

either CXCR4 or CCR213).

2) CCL21/CCR7 signaling regulates fibrocyte infiltration and

renal fibrosis

　Secondary lymphoid tissue chemokine (SLC/CCL21), a ligand

for CCR7, is a member of the CC chemokine family. The first

two cysteine residues of which are adjacent to each other. CCL21

contains six cysteines and is a potent chemoattractant for T cells,

B cells, and dendritic cells14-16). In addition, CCL21 also acts as a

chemotactic stimulus for fibrocytes10). Our study demonstrated

that treatment with anti-CCL21 antibodies or CCR7 deficiency

in gene-targeted mice resulted in over 50% reduction in the

number of CD45- and type I collagen-dual positive fibrocytes

(Fig.2)13). It was also noted that the number of CCR7-express-

ing fibrocytes was also decreased in mice treated with anti-CCL21

antibodies compared with that in wild-type mice 7 days after

UUO. Based on these findings, CCL21/CCR7 signaling is thought

to be the major pathway attracting fibrocytes into the kidney in

this model. Furthermore, the extent of renal fibrosis estimated

by computer-assisted measurement as well as the amount of hy-

droxyproline was reduced by 50% in mice treated with anti-

CCL21 antibodies and in CCR7-null mice compared with those

in wild-type mice 7 days after UUO (Fig.3)13). Ureteral ligation

enhanced the expression of pro α1 chain of type I collagen

(COL1A1) mRNA as well as transforming growth factor (TGF)-

β1 mRNA in wild-type mice, which were significantly reduced

by blockade of CCL21/CCR7 signaling13). These findings sug-

gest that fibrocytes contribute to renal fibrosis by the production

of type I collagen and that this process requires CCL21/CCR7

signaling. In contrast, the infiltration of CXCR4-positive

fibrocytes was not reduced by the blockade of CCL21/CCR713).

In this aspect, CXCR4-positive fibrocytes are reported to mi-

grate in response to CXCL12, a ligand for CXCR4, and traf-

ficked to the lungs in a murine model of bleomycin-induced pul-

monary fibrosis8). Further, treatment of bleomycin-exposed ani-

mals with specific neutralizing anti-CXCL12 antibodies inhib-

ited infiltration of CXCR4-positive fibrocytes and attenuated lung

fibrosis8). Therefore, these findings suggest that other chemokine/

chemokine receptor pathways may be also involved in the re-

cruitment and activation of fibrocytes, resulting in progressive

fibrosis. Further studies will be required to elucidate the precise

mechanisms of fibrocyte trafficking into fibrotic kidneys.

3) Infiltration routes of fibrocytes to fibrotic kidneys

　High endothelial venules (HEVs) are specialized venules that

allow rapid and selective lymphocyte trafficking from the blood

into lymph nodes and Peyer's patches under physiological condi-

tions15). HEVs express certain chemokines, such as CCL2115)

and EBI1-ligand chemokine/CCL1917), that can activate CCR7-

expressing cells. In contrast, HEV-like vessels, which are ob-

served in chronically inflamed nonlymphoid tissues, are thought

to play an important role in the pathogenesis of various inflam-

matory diseases, such as rheumatoid arthritis and Graves' dis-

ease18-19). In addition, CCL21-positive HEV-like vessels were

found in synovial tissues from patients with rheumatoid arthritis18).

With regard to human kidney diseases, HEV-like vessels are

found at the corticomedullary junction and associated with in-

terstitial leukocyte infiltration in human glomerulonephritis,

Fig.4 Schema for CCL21/CCR7-depen-
dent renal fibrosis
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whereas HEV-like vessels are not detected in normal kidneys20).

We observed that the expression of CCL21 mRNA in diseased

kidneys was upregulated with the progression of fibrosis in wild-

type mice after ureteral ligation13). Furthermore, CCL21 protein

co-localized with HEV-like vessels in the corticomedullary re-

gions in immunohistochemical studies. The increase in the num-

ber of CCL21-positive HEV-like vessels correlated with the pro-

gression of fibrosis after ureteral ligation. It was also noted that

the number of infiltrating CCR7-positive fibrocytes was mark-

edly reduced by the blockade of CCL21/CCR7 signaling. Taken

together, these findings suggest that CCR7-expressing circulat-

ing fibrocytes infiltrate the kidney via CCL21-positive HEV-like

vessels as illustrated in Figure 4, resulting in renal fibrosis.

4) Effect of blockade of CCL21/CCR7 signaling on expres-

sion of renal monocyte chemoattractant protein-1 (MCP-1/

CCL2) and infiltration of macrophages

　Progressive organ fibrosis is pathologically characterized by

the presence of infiltrating macrophages and accumulation of

extracellular matrix (ECM), including type I collagen1). Currently,

macrophages are thought to be involved in the development of

fibrosis by secreting various cytokines and growth factors in-

cluding TGF-β11). Furthermore, recent studies reported that the

CCL2/CCR2 signaling pathway is involved in the progression

of fibrosis through the recruitment and activation of macroph-

ages in various fibrotic diseases5,21). CCL2 is reported to be pro-

duced by tubular epithelial cells and infiltrating cells in fibrotic

kidneys22). Recently, the expression of CCL2 mRNA was shown

to be enhanced in fibrocytes under fibrotic circumstances22). In

addition, we observed that renal expression of CCL2 mRNA and

the infiltration of macrophages as well as CCR7-expressing

fibrocytes were significantly reduced in mice treated with anti-

CCL21 antibodies and in CCR7-null mice after ureteral ligation

compared with those in UUO-treated wild-type mice13). Our pre-

vious reports demonstrated that monocytes/macrophages also

contribute to renal fibrosis since the blockade of CCL2/CCR2

signaling resulted in a 30% reduction of renal fibrosis after ure-

teral ligation5,21). In contrast, fibrosis and infiltration of fibrocytes

in the kidneys was reduced up to 50% by the inhibition of CCL21/

CCR7 signaling13). Taken together, these findings suggest that

CCR7-expressing fibrocytes are involved in the pathogenesis of

fibrosis not only by secreting collagen but also by regulating the

infiltration and activation of macrophages through CCL2 pro-

duction.

Fibrocytes In Human Renal Diseases
　Thus far, the precise role of fibrocytes in the pathogenesis of

human renal diseases is still unclear. CD34-positive spindle cells

are reported to be present in the interstitium in patients with

glomerulonephritis23). In addition, the density of CD34-positive

spindle cells showed a positive correlation with the interstitial

volume, whereas that was not related to the kidney function

parameters, such as serum creatinine and urea23). Circulating

fibrocytes express CD34, whereas expression of CD34 by

fibrocytes decreases over time under certain conditions9-10).

TGF-β has been reported to induce a decrease in cell surface

CD34 and an increase in α-smooth muscle actin, which is a

characteristic marker of contractile myofibroblasts9-10). In con-

trast, additional cell surface markers, such as CD45, have been

reported to be stably expressed on fibrocytes13). Thus far, we

observed that fibrocytes dual positive for CD45 and type I col-

lagen were present in the interstitium in patients with various

renal diseases and that the number of infiltrating fibrocytes well

correlated with the degree of renal fibrosis and renal function

(unpublished data). Therefore, it is suggested that fibrocytes may

be involved in the progression of human renal diseases, espe-

cially fibrotic lesions. Further studies will be needed to eluci-

date the precise roles of fibrocytes in human renal diseases.

Concluding remarks
　In summary, fibrocytes are novel collagen-producing cells and

contribute to the progressive renal fibrosis dependent on CCL21/

CCR7 signaling. Regulating the recruitment and activation of

fibrocytes may be a novel therapeutic strategy for renal fibrosis.

References
1) Wada T, Yokoyama H, Kaneko S, Matsushima K: Lym-

phocyte migration to the kidney. In Lymphocyte Traffick-

ing in Health and Disease. Bodolato R and Sozzani S, edi-

tors. Birkhauser Verlag, Bazel, Switzerland, 2006, pp151-

165.

2) Risdon RA, Sloper JC, de Wardener HE: Relationship be-

tween renal function an histologic changes found in renal-

biopsy specimens from patients with persistent glomerulo-

nephritis. Lancet, 2: 363-366, 1968.

3) Vielhauer V, Anders HJ, Mack M, Cihak J, Strutz F,

Stangassinger M, Luckow B, Grone HJ, Schlondorff D:

Obstructive nephropathy in the mouse: progressive fibrosis

correlates with tubulointerstitial chemokine expression and

accumulation of CC chemokine receptor 2- and 5-positive

leukocytes. J Am Soc Nephrol, 12: 1173-1187, 2001.

4) Iwano M, Plieth D, Danoff TM, Xue C, Okada H, Neilson

EG: Evidence that fibroblast derive from epithelium during

‥



炎症・再生　Vol.23 No.1 2003498

tissue fibrosis. J Clin Invest, 110: 341-350, 2002.

5) Kitagawa K, Wada T, Furuichi K, Hashimoto H, Ishiwata

Y, Asano M, Takeya M, Kuziel WA, Matsushima K,

Mukaida N, Yokoyama H: Blockade of CCR2 ameliorates

progressive fibrosis in kidney. Am J Pathol, 165: 237-246,

2004.

6) Bucala R, Spiegel LA, Chesney J, Hogan M, Cerami A:

Circulating fibrocytes define a new leukocyte subpopula-

tion that mediates tissue repair Mol Med, 1: 71-81, 1994.

7) Moore BB, Kolodsick JE, Thannickal VJ, Cooke K, Moore

TA, Hogaboam C, Wilke CA, Toews GB: CCR2-mediated

recruitment of fibrocytes to the alveolar space after fibrotic

injury. Am J Pathol, 166: 675-684, 2005.

8) Phillips RJ, Burdick MD, Hong K, Lutz MA, Murray LA,

Xue YY, Belperio JA, Keane MP, Strieter RM: Circulating

fibrocytes traffic to the lungs in response to CXCL12 and

mediate fibrosis. J Clin Invest, 114: 438-446, 2004.

9) Schmidt M, Sun G, Stacey MA, Mori L, Mattoli S: Identifi-

cation of circulating fibrocytes as precursors of bronchial

myofibroblasts in asthma. J Immunol, 171: 380-389, 2003.

10) Abe R, Donnelly SC, Peng T, Bucala R, Metz CN: Periph-

eral blood fibrocytes: Differentiation pathway and migra-

tion to wound sites. J Immunol, 166: 7556-7562, 2001.

11) Hauser C, Kaya G, Chizzolini C: Nephrogenic fibrosing

dermopathy in a renal transplant recipient with tubulointer-

stitial nephritis and uveitis. Dermatology, 209: 50-52, 2004.

12) Yang L, Scott PG, Giuffre J, Shankowski HA, Ghahary A,

Tredget EE: Peripheral blood fibrocytes from burn patients:

Identification and quantification of fibrocytes in adherent

cells cultured from peripheral blood mononuclear cells. Lab.

Invest, 82: 1183-1192, 2002.

13) Sakai N, Wada T, Yokoyama H, Lipp M, Ueha S,

Matsushima K, Kaneko S: Secondary lymphoid tissue

chemokine (SLC/CCL21)/CCR7 signaling regulates

fibrocytes in renal fibrosis. Proc Natl Acad Sci USA, 103:

14098-14103, 2006.

14) Campbell JJ, Bowman EP, Murphy K, Youngman KR, Siani

MA, Thompson DA, Wu L, Zlotnik A, Butcher EC: 6-C-

kine (SLC), a lymphocyte adhesion-triggering chemokine

expressed by high endothelium, is an agonist for the MIP-

3β receptor CCR7. J Cell Biol, 141: 1053-1059, 1998.

15) Gunn MD, Tangemann DK, Tam C, Cyster JG, Rosen SD,

Williams LT: A chemokine expressed in lymphoid high

endothelial venules promotes the adhesion and chemotaxis

of na1ve T lymphocytes. Proc Natl Acad Sci USA, 95: 258-

263, 1998.

16) Ogata M, Zang Y, Wang Y, Itakura M, Zang YY, Harada

A, Hashimoto S, Matsushima K: Chemotactic response to-

ward chemokines and its regulation by transforming growth

factor-β1 of murine bone marrow hematopoietic progeni-

tor cell-derived different subset of dendritic cells. Blood,

93: 3225-3232, 1999.

17) Baekkevold ES, Yamanaka T, Palframan RT, Carlsen HS,

Reinholt FP, von Andrian UH, Brandtzaeg P, Haraldsen G:

The CCR7 ligand ELC (CCL19) is translocated in high en-

dothelial venules and mediates T cell recruitment.  J Exp

Med, 193: 1105-1112, 2001.

18)Weninger W, Carlsen HS, Goodarzi M, Moazed F, Crowley

MA, Baekkevold, ES, Cavanagh LL, von Andrian UH:

Na1ve T cell recruitment to nonlymphoid tissues: A role for

endothelium-expressed CC chemokine ligand 21 in autoim-

mune disease and lymphoid neogenesis. J Immunol, 170:

4638-4648, 2003.

19) Kabel PJ, Voorbij HAM, Haan-Meulman M, Pals ST,

Drexhage HA: High endothelial venules present in lymphoid

cell accumulations in thyroids affected by autoimmune

disease: A study in men and BB rats of functional activity

and development. J Clin Endocrinol Metab, 68: 744-751,

1989.

20) Segawa C, Wada T, Takaeda M, Furuichi K, Matsuda I,

Hisada Y, Ohta S, Takasawa K, Takeda S, Kobayashi K,

Yokoyama H: In situ expression and soluble form of P-

selectin in human glomerulonephritis. Kidney Int, 52: 1054-

1063, 1997.

21)Wada T, Furuichi K, Sakai N, Iwata Y, Kitagawa K, Ishida

Y, Kondo T, Hashimoto H, Ishiwata Y, Mukaida N,

Tomosugi N, Matsushima K, Egashira S, Yokoyama H:

Gene therapy via blockade of monocyte chemoattractant

protein-1 for renal fibrosis. J Am Soc Nephrol, 15: 940-

948, 2004.

22) Chesney J, Metz C, Stavitsky AB, Bacher M, Bucala R:

Regulated production of type I collagen and inflammatory

cytokines by peripheral blood fibrocytes. J Immunol, 160:

419-425, 1998.

23) Okon K, Szumera A, Kuzniewski M: Are CD34+ cells found

in renal interstitial fibrosis? Am J Nephrol, 23: 409-414,

2003.

Mini Review　The role of fibrocytes in progressive renal fibrosis

‥

‥


