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Abstract 
In the last decade, it has been accepted the formation of tertiary lymphoid organs in the renal parenchyma during inflammatory conditions. 
These organized cellular aggregates contain B- and T-lymphocytes, dendritic cells, surrounded by neo-lymphatic vessels. They have been 
described in renal allografts, acute and chronic interstitial nephritis, IgA and membranous nephropathies. The functional characteristics of 
these lymphoid nodules remained still under consideration. After investigating the renal biopsies of 268 patients with primary and 
secondary nephropathies, we have selected 20 cases showing lymphoid-like cellular aggregates located just beneath the renal capsule 
and having close contacts with this kidney envelope. All of these cases also showed an associated medium sized lymphatic vessel. The 
ultrastructure of these nodules proved to contain more or less the same cellular composition: lymphocytes, dendritic cells, seldom plasma 
cells and macrophages. We consider these particular subcapsular lymphoid-like nodules to be tertiary lymphatic structures in close 
association with the perirenal lymphatics, and the first to develop in any type of inflammatory and autoimmune renal condition. 
Keywords: kidney, tertiary lymphoid organs, chronic nephropathies, diabetes, neoangiogenesis. 

 Introduction 

Recent data have indicated that lymphoid neogenesis 
may play a role in maintaining immune responses 
against persistent antigens, and thus promoting chronic 
inflammation [1]. The aim of an immune response is to 
destroy a certain pathogen. Nevertheless, there are such 
resistant pathogens due to some efficient counter-
measures to the host immune reaction or because the 
antigen is self or tumoral, capable of inducing tolerance, 
and resulting in a lasting immune response, featured as a 
chronic inflammation. It is well known that tissues 
hosting a chronic inflammation process are stuffed with 
effectors cells like T-cells, macrophages, dendritic cells, 
B and plasma cells organized as secondary lymphoid 
organs with follicles and T-cell areas. This event has 
been termed lymphoid neogenesis or tertiary lymphoid 
organ (TLO) formation [2, 3]. 

Therefore, the lymphoid neogenesis has focused 
growing attention as well as the list of conditions 
involving TLO comprises autoimmune diseases, chronic 
inflammatory diseases, infections and some tumors. 
Histopathological and immunohistochemical analyses 
indicate that lymphoid neogenesis is a dynamic process 
during which lymphocytic infiltrates develop into 
aggregates that eventually organize in secondary 
follicles with germinal centers and T-cell areas [3, 4]. 
The most organized structures were found in highly 
infiltrated organs, which indicate that TLO induction 
requires extensive local activation of immune cells. 
Although different patterns of lymphoid arrangements 
usually coexist in the same patient, individual cases 
with rheumatoid arthritis tend to have the same type of 
synovial lymphoid infiltrate, indicating a role for host 
factors in TLO induction [5]. The basic cellular 

constituents of B- and T-cell areas of a TLO are similar 
to a SLO (secondary lymphoid organs). Nevertheless, 
the overall organization of the first differs markedly 
from the conventional one of the second. Unlike lymph 
nodes, it seems that TLOs are not supplied by afferent 
lymph vessels and not encapsulated [6]. It remains also 
to be determined weather TLOs also lack the intricate 
canalicular system of conduits and corridors, which in 
TLOs regulate the lymph flow and the traffic of antigen-
presenting cells, lymphocytes and chemokines to specific 
areas of lymphoid tissues [7]. 

Most of the conditions in which lymphoid neogenesis 
has been documented are organ-specific autoimmune 
disorders in which both B- and T-cell responses against 
tissue antigens have been implicated. Thus, lymphoid 
neogenesis is most prominent in thyroid autoimmune 
diseases [8] and myasthenia gravis [9]. Lymphoid neo-
genesis probably evolved as part of a strategy to contain 
chronic local infections [10].  

Gastritis induced by Helicobacter pylori shows a 
high degree of TLO organization [11]. The lymphoid 
neogenesis is also a common feature in chronic hepatitis 
C-virus infection (HCV) [12]. 

Small kidney biopsy series described a percentage of 
2–27% with interstitial leukocytes as being B-cells [13]. 
Using CD20 as a B-cell marker it has been described 
prominent accumulations of these cells in the interstitial 
involvement in IgA and membranous nephropathies 
[13, 14]. These B-cells were observed either as diffuse 
infiltrates, or as TLO. B-cells were located mostly in the 
center of TLOs reminding the follicles in lymph nodes. 
These aggregates were also surrounded by neolymphatics 
[15]. Although the cellular elements are the same as in 
lymph nodes, TLOs differ in that they do not have 
afferent lymphatics, nor a fibrillar stroma or capsule [16]. 
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The initiation of an inflammatory response in kidney 
may occur by activation of tubular epithelial cells or 
resident dendritic cells (DC). Thus, some DCs travel  
to the regional lymph nodes activating and priming 
lymphocytes for the specific response. These primed 
lymphocytes are next recruited into the tubulo-
interstitium. Some of these DCs may not receive cues to 
traffic out of kidney after taking up an antigen. Thus, 
renal DCs may release the antigen in the interstitial 
compartment of kidney. In chronic antigen stimulation 
conditions, lymphocytes encounter these DCs and may 
initiate the formation of lymphoid-like follicles [16]. 
The inflammatory response may promote the detection 
of tubulointerstitial antigens as autoantigens, leading to 
a persisting interstitial inflammatory response. Therefore, 
a chronic interstitial inflammation might pave the way 
for a misguided immune response in which interstitial 
antigens might be detected as “dangerous”.  

The present work started some time ago after 
noticing that some kidney biopsies showing interstitial 
inflammation, displayed TLOs in the subcapsular 
periphery of the organ, in contact with the fibrous 
capsule. 

 Materials and Methods 

A series of 268 renal biopsies have been investigated 
for diagnosis. The diagnostics covered almost the whole 
non-tumoral kidney pathology, and involved both 
primary and secondary nephropathies. 

Routinely all kidney samples were harvested with 
guillotine biopsy needles of 16G. One or two renal 
punctures have been performed in each case in order  
to get enough tissue for immunofluorescence (IF), 
transmission electron microscopy (TEM) and paraffin 
embedding when possible. As a rule, the two ends  
of each fragment (1 mm) were placed in sodium 
cacodylate buffered glutaraldehyde (pH 7.3) for EM. 
Thus, if the biopsy sample started from the kidney 
surface, the most peripheral 1 mm block was glutar-
aldehyde fixed and embedded in Epon for EM. The 
middle part of the fragment was covered with cryo-gel 
embedding medium and frozen in a Leica cryostat for 
IF. For the routine diagnostic we used nine mono-
specific antibodies, FITC conjugated (anti-IgA, IgG, 
IgM, Fibrinogen, Albumin, C3c and C1q complement 
fractions, Kappa and Lambda light chains). 

The glutaraldehyde fixed fragments (4–24 hours) 
were washed overnight in cacodylate buffer, dehydrated 
in a graded ethanol series and finally embedded in 
Epon.  

When tissue available for light microscopy was 
obtained, the paraffin embedded sections were stained 
with HE, PAS, and silver methenamine. 

 Results 

The diagnostic statistics of our series of 268 kidney 
biopsied patients is emphasized in Table 1. 

The figure corresponding to each pathologic entity 
showed just its frequency among the patients with 
clinical indication for biopsy, and not its general impact 
in population. 

Table 1 – Diagnostic statistics of the 268 patients 
after kidney biopsy examined with LM, IF and EM 

No. Nephropathies No. of cases
1. IgA nephropathy 39 
2. Minimal change disease 32 
3. Membranous nephropathy 26 
4. Focal segmental glomerulonephritis 24 
5. Lupic nephropathy 23 
6. Renal amyloidosis 18 
7. Diabetic nephropathy 16 
8. Membrano-proliferative glomerulonephritis 10 
9. Tubulo-interstitial nephropathy 9 

10. Post-infectious acute nephropathy 8 
11. Thin GBM disease + Alport syndrome 7 
12. Kidney transplant associated lesions 4 
13. Vasculitis 3 
14. Myeloma cast nephropathy 3 
15. Anti-GBM disease 1 
16. Hemolitic-uremic syndrome 1 

17. Others, including normal aspects  
and lack of glomeruli 44 

 TOTAL patients 268 

More then half (51.8%) of biopsy samples showed 
different intensities and distribution of interstitial 
inflammation. As a rule, the inflammation was diffuse, 
and sometime associated with nodular lymphocytic 
aggregates. About one third of these biopsy samples 
showed in one small block a fragment of the kidney 
capsule and the adjacent renal tissue. In twenty cases, 
these subcapsular renal blocks included a cellular 
aggregate of mostly lymphocytes, plasma cells and 
dendritic cells. The shape of these aggregates was 
generally rounded having a diameter between several 
hundreds and one thousand microns. These sizes were 
mostly dependent on the level of sectioning, in the 
center or in periphery of the nodule. 

The 20 patients found with subcapsular lymphocytic 
aggregates were diagnosed as shown in Table 2. 

Table 2 – The frequency of nephropathies in the 20 
bioptic samples found with subcapsular lymphocytic 
aggregates 

No. Diagnosed nephropathies No. of patients 
1. IgA nephropathy 4 

2. Membranous nephropathy 4 (stage II – 2; 
stage III–IV – 2)

3. Focal segmental glomerulosclerosis 3 
4. Minimal change disease 2 

5. Membrano-proliferative  
glomerulonephritis type I 2 

6. Diabetic nephropathy 2 (class III – 1; 
class IV – 1) 

7. Tubulo-interstitial nephropathy 2 
8. Lupic nephropathy 1 (class III) 
 TOTAL patients with subcapsular TLO 20 

The highest frequency was in patients with 
membranous and IgA nephropathies, and next in focal 
and segmental glomerulosclerosis. 

These lymphocyte aggregates were placed either 
next to the renal capsule, or in its immediate proximity, 
and were not accompanied by deeper similar structures 
(Figure 1, A and B). The cells composing these nodules 
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were tightly packed to each other and not surrounded by 
any kind of capsule. Sometimes the aggregates enclosed 
renal tubules (Figure 1C) and superficial glomeruli also. 
The aggregates were constantly accompanied by wide 
opened vessels. Upon the walls of these vessels, the lack 
of red blood cells, and their white blood cells content, 

we considered to belong to the lymphatic vascular 
system. The walls and their caliber were similar to the 
lymphatic collecting vessels of nodes. These large 
vessels were placed either immediately beneath the 
fibrous capsule (Figure 1A), or deeper in the aggregates 
(Figure 1, B and D). 

 

Figure 1 – (A) Subcapsular lymphocytic aggregate in contact with the inner aspect of renal capsule (RC). Among the 
lymphocytes, one can see o few tubular epithelial cells (T). A large (LV) and a smaller (SV) lymphatic vessels can be 
seen (ob. 20×). (B) Lymphocytic aggregate beneath the renal capsule (RC) showing a large lymphatic vessel (LV), and 
surrounded by renal tubules (T) (ob. 10×). (C) The close relationship between an aggregate (L) and the renal capsule 
(RC) set up of a few layers of smooth muscle cells and fibroblasts, collagen fibers and an outer layer of acellular 
elastic material (E) (ob. 20×). (D) Lymphocytic tertiary aggregate beneath the renal capsule (RC) containing dense 
nuclei lymphocytes, euchromatic nuclei cells and a large lymphatic vessel (LV) with several leucocytes crossing its 
wall. Renal tubules (T). Superficial glomerulus (G) (ob. 20×). 

 

The cell population of aggregates was set up mainly 
of lymphocytes, a few plasma cells, macrophages and 
dendritic cells. We did not find any germinal center in 
all our cases. The aggregates had no fibrous capsule; 
they were surrounded by the cortical structures of renal 
parenchyma. The main part of the cells was typical 
lymphocytes: oval nuclei, little cytoplasm with a high 
density of free ribosomes and few mitochondria 
(Figure 2). From place to place, we found dendritic  
cells (DC) having rounded or shaggy nuclei, lighter  
than those of lymphocytes, and a branched, less  
dense cytoplasm. The cytoplasmic processes contain 

ribosomes, mitochondria and dilated rough endoplasmic 
cisterns (Figure 3). Beside the cytoplasmic processes  
of DCs we found clusters of collagen fibers and 
extracellular matrix. Macrophages were also present 
(Figure 4), but no polymorphonuclears have been 
frequently seen. 

Some problems occurred in differentiating the many 
vessels crossing the aggregates. We clearly found 
lymphatic capillaries filled with lymphocytes (Figure 5). 
The walls of these capillaries were set up of very thin 
endothelial cells endorsed by a discontinuous basement 
membrane and a sparse layer of collagen fibers. The 
presence of lymphocytes in the lumen rendered visible 
these capillaries, hardly to be identified otherwise. 
Definite blood capillaries were also present (Figure 6). 
The endothelial layer containing Weibel–Palade bodies 
was well defined. Basement membrane was continuous. 
The lumina displayed red blood cells and were more or 
less opened. Some blood capillaries with closed lumina 
gave the impression of neocapillaries (Figures 7 and 8). 
As a whole these lymphocytic organized structures are 
supported by a fibrous stromal framework set up of 
collagen type III fibers, vessels and extracellular matrix. 

The large opened collecting vessels displayed walls 



E. Mandache, M. Penescu 

 

1222 

with poorly demarcated layers, similar to venules  
and housed many features of cell migration. Some 
lymphocytes were placed beneath the vessel basement 
membrane, between the basement membrane and the 
pericytes (Figure 9) and others between the basement 
membrane and the thin endothelial cytoplasmic veil 
(Figure 10). In the first case, lymphocytes were 

surrounded by a halo of a transparent extracellular space 
(Figure 9), while in the second case there was a close 
contact between lymphocytes and endothelial cells 
(Figure 10). 

Different to other lymphoid organs we could not 
identify high endothelial venules. 

 
 

Figure 2 – Subcapsular lymphocytic aggregate. 
Lymphocytes (Ly), dendritic cell (DC), macrophage 
(Mf), thin septa of collagen fibers and extracellular 
matrix (S). 

Figure 3 – Stellate shaped dendritic cell (DC) 
surrounded by lymphocytes (Ly). In between these 
cells, it can be noticed type III collagen fibers (Col). 
The cytoplasm of DC contains free and attached 
ribosomes, dilated rough endoplasmic reticulum (RER), 
mitochondria.

 

Figure 4 – Lymphocytic aggregate showing densely 
packed cells (left side), clusters of collagen fibers 
organized as septa (col.), fibroblasts (Fb), a macrophage 
(M) and a lymphatic vessel (V). 

Figure 5 – Lymphatic capillary vessel bordered by thin 
endothelial cells (En) and clusters of collagen fibers 
(col). The lumen contains four lymphocytes (ly). 

 

Figure 6 – Blood capillary vessel. The wall is structured 
by endothelial cells (En) showing Weibel–Palade 
bodies and a well-defined basement membrane (bm). 

Figure 7 – Blood capillary vessel with an almost closed 
lumen (L). Endothelial cell (En) with elaborate 
cytoplasm containing mitochondria, ribosomes and 
Weibel–Palade bodies surrounded by a thin basement 
membrane (bm) and interstitial collagen fibers. 
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Figure 8 – Blood capillary with endothelial cell (En), 
thin basement membrane and a red blood cell (rbc) in 
the lumen. The endothelial cytoplasmic processes are 
part thin, part thick, and the lumen is not yet wide 
open. Around the capillary, there is a framework of 
type III collagen fibers. 

Figure 9 – Migrating lymphocyte (Ly) covered on one 
side by the thin endothelial cell (En) and a 
discontinuous basement membrane (bm), and on the 
other side by a thin pericyte (p). A clear space around 
the lymphocyte separates it from the pericyte and the 
endothelial basement membrane. 

 

Figure 10 – Large collecting vessel with poorly demarcated 
wall layers showing a migrating lymphocyte (Ly). This 
lymphocyte is placed in a pocket of endothelial cytoplasm 
(En) having close contact with. The lower side of the pocket 
is based on the discontinuous basement membrane (bm), and 
the lymphocyte has contact points with this membrane also. 

 

 Discussion 

The concept of tertiary lymphoid organs (TLO) 
occurrence during chronic nephropathies with immuno-
pathologic background has been well established during 
the last decade [17–22]. Nevertheless, two facts are 
differentiating the above-mentioned TLOs from those 
described in the literature, and thus making a particular 
type of subcapsular lymphocytic aggregates. First, is 
their location in the very close proximity of the renal 
capsule, and the second is the ubiquitous presence of 
large lymphatic collector vessels. The kidney capsule  
is set up of smooth muscle cells, type III collagen  
fibers and seldom fibroblasts. This capsule is not an 
impenetrable structure. Thus, although we did not 
encounter lymphatic vessels crossing the capsule, the 
close contact between these subcapsular TLOs and the 
renal capsule (Figure 1) suggests a possible connection 
between the extra-capsular and the renal parenchyma 
lymphatic networks. 

The small size of the 1 µm thick sections makes 
difficult the observation of subcapsular lymphocytic 
aggregates (400–1000 µm). If we take into consideration 
the size of the needle biopsy sample, which do not 
exceed 1300 µm in diameter, one can imagine how 
weak are chances to find them unless they are very 
frequent. Beside all these difficulties, another must for 
being visualized is that the biopsy sample should 

intercept the renal capsule attached to the periphery of 
kidney parenchyma. Thus, the search of these 
subcapsular TLOs becomes a rather hard task unless 
they are developed in large number.  

Our statistics shows the occurrence of subcapsular 
TLOs during the chronic evolution of primary and 
secondary nephropathies having more or less known 
immunopathologic backgrounds, with the IgA and 
membranous nephropathies heading twice more frequent 
then the others. Since these two diseases are generally 
the most frequent in any statistics, we consider this 
aspect as no relevant. We believe that this event depends 
more readily on the chronic evolutionary stage of each 
nephropathy. 

The general picture of cells setting up these 
aggregates was quite simple resembling that of lymph 
nodes follicles. The majority were typical lymphocytes 
having uniform features, most probable B-cells since 
they were intermingled with dendritic cells. The 
immunohistochemical typing of these lymphocytes 
should be a most difficult task since human renal biopsy 
samples of this particular subcapsular area are not 
available for research. The dendritic cells showed the 
same aspect as the follicular dendritic cells (FDC) of 
lymph nodes mantle zone. Renal dendritic cells (rDCs) 
are major constituents of the mononuclear phagocytic 
system in normal kidneys [24]. The rDCs derive from a 
common bone marrow macrophage and have blood 
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monocytes as circulating precursors [25]. Experimental 
evidence is mounting that rDCs help to maintain 
peripheral tolerance in the kidney at steady state [26]. 
Any non-self antigens introduced into normal kidneys 
should be captured by rDCs and presented in draining 
renal lymph nodes, leading to immune activation and 
proliferation of antigen-specific CD4+ T-lymphocytes 
[27]. New studies have demonstrated renal compartment-
specific accumulation of rDC subsets during renal 
inflammation. BDCA1+ conventional and BDCA4+ 
plasmacytoid rDCs accumulate in the renal interstitium 
[28]. DC-SIGN+ conventional rDCs occur in abundance, 
along with BDCA2+ plasmacytoid rDCs in the renal 
interstitium [29]. TLOs composed of CD21+ follicular 
rDCs and CD20+ B-cells have been detected, suggesting 
a conserved immunologic program executed by DCs, 
whether resident or recruited [16].  

B-cells in human kidney are part of the inflammatory 
cells in various diseases: acute and chronic interstitial 
nephritis, renal allografts, IgA and membranous nephro-
pathies. B-lymphocytes are almost exclusively located 
in the tubulointerstitium and not in the glomeruli. 
Intrarenal B-cells can be part of a local system to 
enhance the immunological response by functioning as 
antigen presenting cells, and as a source for cytokines 
promoting T-cell proliferation and lymphatic neoangio-
genesis [16]. It has been suggested that treatment with 
Rituximab, a chimeric antibody to the CD20 molecules 
expressed on B-cells may be a potential therapeutic 
mechanism. 

Macrophages were seldom, and related to apoptotic 
lymphocytes. Fibroblasts and the connected collagen 
fibers constitute a honeycomb type framework, which 
sustains the lymphocytic aggregate. 

The occurrence of these subcapsular TLOs also 
involves the neoformation and differentiation of blood 
and lymphatic vessels [23], a process connected with 
the B-cells secreted cytokines. Regarding the identifica-
tion in TEM of the lymphatic vessels, this can be done 
either if their lumina are open, or they are filled with 
lymphocytes. The wall layers of TLO lymphatics are 
poorly defined, showing a sparse basement membrane, 
while the larger collecting vessels have some pericytes 
around which keep them open. By immunohisto-
chemistry it has been reported a massive lymphatic 
neoangiogenesis in transplant kidneys, as well as a 
novel function of lymphatic vessels in association with 
immunologically active nodular lymphatic infiltrates 
[23]. Thus, the authors’ results showed that nodular 
infiltrates were constantly associated with lymphatic 
vessels that were found on the periphery of nodules  
and sometimes in their center. A large number of 
mononuclear cells in the TLOs expressed the nuclear 
proliferation marker Ki-67. The same proliferation 
marker was also expressed by many podoplanin-positive 
lymphatic endothelial cells meaning an active neo-
angiogenesis. Presumably, these neolymphatic vessels 
sprouted from preexisting perivascular lymphatics. In 
their lumina were frequently found CD2+ cells, 
indicating that the lymphatic vessels contribute to the 
clearing of rejecting infiltrate from the renal cortex [23]. 
Thus, TLOs in autoimmune diseases locally perpetuate 

autoimmune reactions and support autoantigenic epitope 
spreading [8]. 

 Conclusions 

The above-described lymphocyte aggregates have all 
the characteristics of tertiary lymphoid organs. These 
organized lymphoid structures constitute a particular 
type of TLO since they are placed beneath the renal 
capsule, in apposition with this kidney envelope. The 
ubiquitous presence of a large open lymphatic collector 
vessel in these aggregates is strongly suggesting an 
interconnection with the perirenal vascular framework. 
The intense lymphocytes migration through the walls of 
local vessels proves its involvement in the renal 
autoimmune conditions. 

Acknowledgments 
This work was supported by CNCSIS–UEFISCU, 

Project No. 1182/2009–ID599 PN II – IDEI code/2008. 

References 
[1] Aloisi F, Pujol-Borrell R, Lymphoid neogenesis in chronic 

inflammatory diseases, Nat Rev Immunol, 2006, 6(3):205–
217. 

[2] Ruddle NH, Lymphoid neo-organogenesis: lymphotoxin’s 
role in inflammation and development, Immunol Res, 1999, 
19(2–3):119–125. 

[3] Hjelmström P, Lymphoid neogenesis: de novo formation of 
lymphoid tissue in chronic inflammation through expression 
of homing chemokines, J Leukoc Biol, 2001, 69(3):331–
339. 

[4] Salomonsson S, Jonsson MV, Skarstein K, Brokstad KA, 
Hjelmström P, Wahren-Herlenius M, Jonsson R, Cellular 
basis of ectopic germinal center formation and autoantibody 
production in the target organ of patients with Sjögren’s 
syndrome, Arthritis Rheum, 2003, 48(11):3187–3201. 

[5] Takemura S, Braun A, Crowson C, Kurtin PJ, Cofield RH, 
O’Fallon WM, Goronzy JJ, Weyand CM, Lymphoid 
neogenesis in rheumatoid synovitis, J Immunol, 2001, 
167(2):1072–1080. 

[6] Brandtzaeg P, Pabst R, Let’s go mucosal: communication 
on slippery ground, Trends Immunol, 2004, 25(11):570–577. 

[7] von Adrian UH, Mempel TR, Homing and cellular traffic in 
lymph nodes, Nat Rev Immunol, 2003, 3(11):867–878. 

[8] Armengol MP, Juan M, Lucas-Martín A, Fernández-
Figueras MT, Jaraquemada D, Gallart T, Pujol-Borrell R, 
Thyroid autoimmune disease: demonstration of thyroid 
antigen-specific B cells and recombination-activating gene 
expression in chemokine-containing active intrathyroidal 
germinal centers, Am J Pathol, 2001, 159(3):861–873. 

[9] Roxanis I, Micklem K, McConville J, Newsom-Davis J, 
Willcox N, Thymic myoid cells and germinal center formation 
in myasthenia gravis; possible roles in pathogenesis,  
J Neuroimmunol, 2002, 125(1–2):185–197. 

[10] Cupedo T, Mebius RE, Role of chemokines in the 
development of secondary and tertiary lymphoid tissues, 
Semin Immunol, 2003, 15(5):243–248. 

[11] Stolte M, Eidt S, Lymphoid follicles in antral mucosa: immune 
response to Campylobacter pylori? J Clin Pathol, 1989, 
42(12):1269–1271. 

[12] Murakami J, Shimizu Y, Kashii Y, Kato T, Minemura M, 
Okada K, Nambu S, Takahara T, Higuchi K, Maeda Y, 
Kumada T, Watanabe A, Functional B-cell response in 
intrahepatic lymphoid follicles in chronic hepatitis C, 
Hepatology, 1999, 30(1):143–150. 

[13] Hooke DH, Gee DC, Atkins RC, Leukocyte analysis using 
monoclonal antibodies in human glomerulonephritis, Kidney 
Int, 1987, 31(4):964–972. 

[14] Cohen CD, Calvaresi N, Armelloni S, Schmid H, Henger A, 
Ott U, Rastaldi MP, Kretzler M, CD20-positive infiltrates in 
human membranous glomerulonephritis, J Nephrol, 2005, 
18(3):328–333. 



Renal subcapsular tertiary lymphoid aggregates in chronic kidney diseases 

 

1225
[15] Novobrantseva TI, Majeau GR, Amatucci A, Kogan S, 

Brenner I, Casola S, Shlomchik MJ, Koteliansky V, 
Hochman PS, Ibraghimov A, Attenuated liver fibrosis in the 
absence of B cells, J Clin Invest, 2005, 115(11):3072–3082. 

[16] Segerer S, Schlöndorff D, B cells and tertiary lymphoid 
organs in renal inflammation, Kidney Int, 2008, 73(5):533–
537. 

[17] Heller F, Lindenmeyer MT, Cohen CD, Brandt U, 
Draganovici D, Fischereder M, Kretzler M, Anders HJ,  
Sitter T, Mosberger I, Kerjaschki D, Regele H, Schlöndorff D, 
Segerer S, The contribution of B cells to renal interstitial 
inflammation, Am J Pathol, 2007, 170(2):457–468. 

[18] Nasr IW, Reel M, Oberbarnscheidt MH, Mounzer RH, 
Baddoura FK, Ruddle NH, Lakkis FG, Tertiary lymphoid 
tissues generate effector and memory T cells that lead to 
allograft rejection, Am J Transplant, 2007, 7(5):1071–1079. 

[19] Brown K, Sacks SH, Wong W, Tertiary lymphoid organs in 
renal allografts can be associated with donor-specific 
tolerance rather than rejection, Eur J Immunol, 2011, 
41(1):89–96. 

[20] Gluhovschi G, Gluhovschi C, Bob F, Velciov S, 
Trandafirescu V, Petrică L, Bozdog G, Immune 
compartments of the nephron in relation to the immune 
system, Rom J Intern Med, 2010, 48(1):17–31. 

[21] Carragher DM, Rangel-Moreno J, Randall TD, Ectopic 
lymphoid tissues and local immunity, Semin Immunol, 2008, 
20(1):26–42. 

[22] Muniz LR, Pacer ME, Lira SA, Furtado GC, A critical role for 
dendritic cells in the formation of lymphatic vessels within 
tertiary lymphoid structures, J Immunol, 2011, 187(2):828–
834. 

[23] Kerjaschki D, Regele HM, Moosberger I, Nagy-Bojarski K, 
Watschinger B, Soleiman A, Birner P, Krieger S, Hovorka A, 
Silberhumer G, Laakkonen P, Petrova T, Langer B, Raab I, 
Lymphatic neoangiogenesis in human kidney transplants  
is associated with immunologically active lymphocytic 
infiltrates, J Am Soc Nephrol, 2004, 15(3):603–612. 

[24] Velázquez P, Dustin ML, Nelson PJ, Renal dendritic cells: 
an update, Nephron Exp Nephrol, 2009, 111(3):e67–e71. 

[25] Geissmann F, Auffray C, Palframan R, Wirrig C, Ciocca A, 
Campisi L, Narni-Mancinelli E, Lauvau G, Blood monocytes: 
distinct subsets, how they relate to dendritic cells, and their 
possible roles in the regulation of T-cell responses, Immunol 
Cell Biol, 2008, 86(5):398–408. 

[26] John R, Nelson PJ, Dendritic cells in the kidney, J Am Soc 
Nephrol, 2007, 18(10):2628–2635. 

[27] Edgtton KL, Kausman JY, Li M, O'Sullivan K, Lo C, 
Hutchinson P, Yagita H, Holdsworth SR, Kitching AR, 
Intrarenal antigens activate CD4+ cells via co-stimulatory 
signals from dendritic cells, J Am Soc Nephrol, 2008, 
19(3):515–526. 

[28] Fiore N, Castellano G, Blasi A, Capobianco C, Loverre A, 
Montinaro V, Netti S, Torres D, Manno C, Grandaliano G, 
Ranieri E, Schena FP, Gesualdo L, Immature myeloid and 
plasmacytoid dendritic cells infiltrate renal tubulointerstitium 
in patients with lupus nephritis, Mol Immunol, 2008, 
45(1):259–265. 

[29] Segerer S, Heller F, Lindenmeyer MT, Schmid H, Cohen 
CD, Draganovici D, Mandelbaum J, Nelson PJ, Gröne HJ, 
Gröne EF, Figel AM, Nössner E, Schlöndorff D, 
Compartment specific expression of dendritic cell markers 
in human glomerulonephritis, Kidney Int, 2008, 74(1):37–
46. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Corresponding author 
Eugen Mandache, MD, PhD, Department of Nephropathology, “Carol Davila” Clinical Hospital for Nephrology,  
4 Griviţei Avenue, 010701 Bucharest, Romania; Phone/Fax +4021–318 91 84/312 92 26, Mobile +40727–170 204, 
e-mail: mandache.eugen@yahoo.com 
 
 
 
 
 
 
Received: August 31st, 2011 

Accepted: November 10th, 2011 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


