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Glomerulopathic Light Chains Produce Mesangial 
Injury
	 Approximately 85% of the monoclonal proteins in patients with 
plasma cell dyscrasia are associated with renal disease. Involvement  
of the tubular interstitial compartment is more common (70% 
of all cases) than that of the glomerular (about 30%) or vascular  
compartments. In some patients there is involvement of more than 
one compartment, but the manifestations usually are centered in one 
of the renal compartments [1-5]. 

	 Investigations performed in the last 20 years have provided  
detailed insights into how these abnormal light chains interact with the 
mesangium to produce glomerular injury. A number of experimental 
platforms have been used in our laboratory to delineate the sequence 
of events that results in glomerular alterations which are centered in 
the mesangium. In all these, light chains purified from the urine of 
patients with renal biopsy-proven conditions have been used. The  
glomerulopathies associated with monoclonal light chains are light 
chain deposition disease (LCDD) and AL (light chain-related)  
amyloidosis, each creating completely different alterations in the  
mesangium. The findings that have been elucidated have paved 
the way for the design of novel therapeutic interventions aimed at  
stopping, slowing down or avoiding renal damage in patients with 
plasma cell dyscrasias.

How Light Chains Interact With the Glomerulus
	 Normal light chains are small molecular weight proteins that are 
filtered through the peripheral capillary walls and are delivered to the 
proximal tubules where they are catabolized by endosomal activity 
in the apical portions of the tubules and their amino acids are then  
returned to the circulation. Normal and tubulopathic light chains 
do not interact with the mesangium thus mesangial homeostasis is  
maintained intact.

	 Glomerulopathic light chains exert their initial or most significant 
pathogenic effect at the level of the mesangium. Although interactions 
occur early in the development of these disorders with the peripheral 
capillary walls, there is no doubt that the two main diseases involved 
in glomerular alterations focus on the mesangium as the center for  
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Abstract
	 Mesangial injury represents a crucial event in the pathogenesis 
of light chain-associated glomerulopathies in patients with plasma  
cell dyscrasias. The glomerulopathic light chains interact with  
mesangial cells where purported receptors regulate the downstream 
cellular mechanisms that will be activated and result in glomerular 
alterations. The physicochemical and conformational characteristics  
of the abnormal light chains are primarily responsible for the  
downstream events affecting the mesangial milieu. 
	 Different light chains are responsible for two diseases with  
diametrically opposite mesangial alterations: Light chain deposition  
disease which results in the expansion of the mesangium due 
to accumulation of matrix proteins not present in the normal  
mesangium and AL (light chain-associated) amyloidosis where the 
native mesangial matrix is replaced by fibrils (amyloid). In both cases 
there is enhancement of mesangial cell apoptosis and the altered  
mesangium has a marked decrease of mesangial cells, most  
undergoing apoptosis. 
	 The repair of the damaged mesangium is difficult due to the  
absence of enough mesangial cells that can participate in the  
process and also the damage can be so extensive that the intrinsic  
processes that are available for repair (i.e. recruitment of stem 
cells from bone marrow and precursor stem cells in renal niches)  

cannot effectively carry out the recovery. Introducing exogenous  
mesenchymal stem cells represents a novel therapeutic avenue that 
has been experimentally tested with promising results.
	 In-vitro, ex-vivo and in-vivo animal models have been created 
to study these disorders providing excellent platforms to elucidate  
pathogenesis and provide insightful information that can be  
translated to the practice of renal pathology, as the in-vitro and  
in-vivo platforms corroborate each other. The article addresses how 
mesangial injury occurs in LCDD and AL-amyloidosis as examples 
of generic mesangiopathies and summarizes existing data regarding  
the experimental use of exogenous mesenchymal stem cells in  
mesangial healing.
Keywords: AL - Amyloidosis; Electron microscopy; Light chains; 
Light chain deposition disease; Mesangial injury; Mesangial repair; 
Mesangial homeostasis; Nodular glomerulosclerosis
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pathogenetic development and progression, eventually leading to 
glomerulosclerosis/glomerular obsolescence. These light chains are 
attracted to the mesangium because of certain physicochemically 
and conformational characteristics that make them interact with the  
mesangial cells [6]. 

	 Studies have shown that there are saturable receptors on the  
mesangial cells that are utilized by the glomerulopathic light chains 
to effect their pathogenetic role (Figure 1) [7-8]. This receptor is 
not yet fully characterized and it appears to be of a high molecular 
weight (about 450-470 kd). It is not the cubilin-megalin receptor on  
proximal tubular cells used by light chains for their normal metabolism.  
When rat or human mesangial cells are incubated with  
glomerulopathic (but not tubulopathic) light chains, the number of 
caveolae on their surfaces increases dramatically [7]. The interactions 
of the glomerulopathic light chains occur with caveolae which are  
located on the mesangial cell surface (Figure 2). Caveolae play a role 
in signaling [8-11].

	 Both LCDD and amyloid forming light changes bind to receptors  
on mesangial cells and co-localize on the same sites along the  
membranes of mesangial cells, competing for the same receptor  
(Figure 3) [12]. However, while amyloidogenic light chains are 
avidly internalized into the mesangial cells (Figure 3B) using a  
clathrin-mediated mechanism (Figure 4), this is not the case with 
LCDD-light chains which activate cellular mechanisms when they  
interact with the surface receptors but are only minimally internalized 
[13,14]. Interaction with the surface receptors is responsible for their 
pathogenic effects downstream (Figures 3-5).

Initial Effector Molecular Mechanisms that are  
Activated
	 Interactions between glomerulopathic light chains and mesangial 
cells in culture (parenthesis grown as monolayers on coverslips or on 
Matrigel) activate c-fos and NF-κβ which normally display a cytoplasmic  
localization in normal mesangial cells (Figure 5) and once stimulation  
occurs are translocated to the nuclei. C-fos has been found to  
participate in the activation of growth factors responsible for  
proliferative cellular activities (PDGF-β) and for cytoskeletal changes,  

Figure 1: Time course and dose dependent rate of glomerulopathic light chain 
binding to human mesangial cells obtained from renal cortices of nephrectomy 
specimens for renal tumors (cortical tissue taken from areas away from the 
neoplasms).

Glomerulopathic light chains bind to mesangial cells and by 30 minutes the 
receptors are saturated, as shown in A. The binding for amyloidogenic and 
LCDD light chains follow a similar time course. Receptor saturation is dose 
dependent, as shown with two amyloidogenic light chains in B.

Figure 2: Light chain interacting with caveolae at the surface of human  
mesangial cells. Human mesangial cells incubated with LCDD - kappa light 
chain for 30 minutes Scanning electron microscopy A-C A - X50000, B - 
X45000, C - 15000 and D - Transmission electron microscopy, lead citrate 
and uranyl acetate Immunoelectron microscopy for kappa light chains, gold  
particles 20 nm X8500.
Note in A plasma cell releasing light chains. In B light chains are interacting 
with surface caveolae on mesangial cells, the latter well illustrated on C. On D, 
immunoelectron microscopy with kappa light chains labeled with gold particles 
interacting with surface membrane indentations (caveolae) on the surface of 
mesangial cell.

Figure 3: Binding of light chains to surface of human mesangial cells. Human  
mesangial cells incubated with amyloidogenic light chains (10µg/ml) for 
30 minutes. A - Comparison of binding of different light chains B - X500-  
Co-localization on surface of mesangial cells of amyloidogenic and LCDD light 
chains. LCDD light chains marked with fluorescein and amyloidogenic light 
chains marked with Texas Red.

Note prominent binding of LCDD light chains to the surface of mesangial 
cells and the absence of binding in control or for tubulopathic light chains.  
Amyloidogenic light chains are not detected much at the surface of the  
mesangial cells as they are avidly internalized.

Figure 4: Schematic representation of clathrin-mediated endocytosis of  
amyloidogenic light chains.

The amyloidogenic light chains are endocytosed using a clathrin-mediated 
mechanism and they are delivered to the mature lysosomal compartment. The 
receptor is also internalized and returned to the surface.
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including phenotypic transformation, in mesangial cells. NF-κβ 
plays a crucial role in regulating Monocyte Chemoattractant Protein  
(MCP)-1 production by mesangial cells [7].

Growth Factors Participating in the Development of 
These Renal Diseases
	 Initially, in both situations, there is production of PDGF-β by  
mesangial cells and activation leading to mesangial cell proliferation 
once c-fos signaling has occurred (Figure 6,7). Afterwards, the two 
conditions engage different growth factors in their progression as a 
result of the signaling mechanisms involved being different. In the 
case of LCDD, transforming growth factor (TGF)-β is activated and 
becomes actively secreted by the mesangial cells. This growth factor 
is fundamental in the production of extracellular matrix and also  
exerts an inhibitory effect on mesangial cell proliferation (Figure 7)  
[15-18]. In contrast, amyloid formation occurs when mesangial 
cells are incubated with amyloidogenic light chains, and amyloid  
potentiates metalloproteinases which destroy the native mesangium 
and INHIBIT TGF-β, preventing matrix rebuilding. The end result 
is abundant matrix deposition in LCDD and amyloid fibrils in the  
affected mesangium in AL-amyloidosis. The presence of these two 
fundamental growth factors has been documented in glomeruli of  
patients with the two entities, highlighting the translational value and 
repercussion of these studies [19].

How Different Glomerulopathic Light Chain Affect 
Mesangial Cell Phenotype and Traffic in Mesangial 
Cells
	 When human or rat mesangial cells are incubated with  
glomerulopathic light chains extracted and purified from the urine of 
patient with renal biopsy-proven LCDD and AL-amyloidosis, there 
are dramatic changes that can be noted in each of the two conditions. 
These alterations in the mesangial “milieu” are crucial to understand 
the pathogenesis of these disorders and to translate the findings to 
clinical practice.

	 Normal mesangial cells exhibit characteristics of smooth muscle 
cells with abundant intracytoplasmic filaments maintained together 
by dense bodies or spindle densities (so-called myofilaments) and  
attachments plaques at their surface (Figure 8A,B). Normal mesangial 
cells express smoothelin and in some instances smooth muscle actin, 
the latter most noticeably when an activated phenotype develops. 
LCDD-light chains induce transformation of mesangial cells from 
their smooth muscle to a myofibroblastics phenotype (some consider 
this phenotype as an embryonic phenotype). This occurs by loss of 
some of the contractile elements and acquisition of cisternae of rough 
endoplasmic reticulum endowing the mesangial cells with the ability 
to increase their production of extracellular matrix proteins [16,20]. 
These activated mesangial cells typically express smooth muscle actin 
and maintain expression of smoothelin (Figure 8C).

	 In contrast, the mesangial cells transform to a macrophage  
phenotype when incubated with amyloidogenic light chains  
(Figure 9). This change is morphologically characterized by the loss  

Figure 5: Schematic representation of the interactions of glomerulopathic light 
chains with the surface of mesangial cells.

Interactions with receptors at the surface of mesangial result in translocation 
of NF-κβ and c-fos to the nuclei where they activate increased expression of 
some existing genes as well as activation of genes that are normally silent 
in mesangial cells. This results in downstream effects which are different for 
LCDD and amyloidogenic light chains.

Figure 6: Interplay between PDGF-β and TGF-β in mesangial cells incubated 
with both glomerulopathic light chains.

In the case of Amyloidogenic Light Chains (Am-LC), there is initial production 
of PDGF-β and mesangial cell proliferation. Once amyloid is formed, it inhibits 
c-fos and ultimately cellular proliferation. In contrast, when mesangial cells are 
exposed to LCDD light chains after initial activation and secretion of PDGF-β 
there is production of TGF-β, leading to matrix formation and resulting in  
inhibition of PDGF-β.

Figure 7: Interplay of growth factors in mesangial cells incubated with LCDD 
light chains.

The secretion and activation of TGF-β mediated by c-fos leads to increased 
tenascin-rich matrix production and the formation of mesangial nodules.
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of contractile elements in their cytoplasm and the appearance of  
numerous lysosomes resulting in marked expansion of the lysosomal  
compartment, endowing these transformed mesangial cells with the 
machinery needed for active endocytosis and protein catabolism 
to take place. Rab proteins play a key role in transporting the light 
chains to the mature lysosomal compartment (Figure 10A) where 
they are processed and transformed into fibrils [12]. The transformed  
mesangial cells initially displayed Early Endosomal Antigen (EEA)-1  
and later Lysosomal - Associated Membrane Protein (LAMP) and 
cathepsin D (characteristic of mature lysosomes) in their cytoplasm  
(Figure 10B). These mesangial cells acquire phagocytic/macrophage 
markers such as CD68 and Lysotracker (Figure 11), as a result of the 
acquisition of numerous lysosomes. During the process of mesangial 
cell transformation, hybrid cells with macrophage/smooth muscle  
characteristics can be identified attesting to the in-situ cellular  
transformation process and mitigating against the idea that these  
macrophage like cells are transported from the bone marrow, as  

was suggested could happen in-vivo (Figure 12). This plasticity of  
mesangial cells is crucial to drive pathologic events that occur in  
association with monoclonal light chain-associated mesangiopathies 
[20].

Figure 8: Normal human mesangial cells in culture- monolayer, obtained from 
uninvolved renal cortices from nephrectomies performed for renal tumors.  
A - X8000; B - X12000. Transmission electron microscopy, lead citrate and uranyl  
acetate. B - X750 Immunofluorescence labeling for smoothelin in normal  
mesangial cells.

Normal mesangial cells exhibit abundant intracytoplasmic Myofilaments  
maintained together by spindle densities or dense bodies. They also have  
Attachment Plaques (circles) at their surface.Normal mesangial cells express 
smoothelin reflecting the presence of intracytoplasmicmyofilaments.

Figure 9: Human mesangial cells growing on Matrigel incubated with  
amyloidogenic light chain (10µg/ml) for 4 days. Transformed mesangial cells 
with macrophage phenotype engaged in formation of amyloid fibrils. A - X7500; 
B - X13500.Transmission electron microscopy, lead citrate and uranyl acetate. 
C - X8500- Immunogold labeling for lambda light chains, gold particles 20 nm.

Note the abundance of lysosomes in the cytoplasm of transformed mesangial  
cells participating in amyloid formation (arrow). The mesangial cell on top; 
however, remains non-transformed and exhibits typical characteristics  
of smooth muscle cells. In B, close up of area where amyloid is formed.  
Fibrils are labeled for lambda light chains (gold particles) demonstrating the  
derivation of the fibrils from lambda light chains.

Figure 10: A - X500- Mesangial cells growing on monolayers incubated 
with amyloidogenic light chain (10µg/ml) for 1.5 hours. Immunofluorescence  
labeling of mesangial cells for Rab 7 with fluorescein; B - X500- Immunofluo-
rescence labeling of mesangial cells for cathepsin D with Texas red. 

Rab proteins participate in the trafficking of the amyloidogenic light chains to 
the mature lysosomes and they can be detected in the cytoplasm of mesangial 
cells at different stages of the process of amyloidogenic. Once the mesangial 
cells acquire lysosomes, they also acquire the expected enzymes which  
include cathepsin D.

Figure 11: Amyloidogenic light chain (10µg/ml) incubated with human  
mesangial cells for 3 hours. Trafficking of amyloidogenic light chains to the  
mature lysosomal compartment in mesangial cells. Chase of amyloidogenic  
light chains labeled with Texas red (red) into the mature lysosomal  
compartment, previously marked with fluorescein (green) X350.

Internalized light chains appear as red dots that traffic through the mesangial  
cell eventually being delivered to the mature lysosomal compartment  
(co-localization represented by yellow color).

Figure 12: Human mesangial cells growing on Matrigel incubated with  
amyloidogenic light chain (10µg/ml) for 3 hours. Hybrid mesangial cells (with 
smooth muscle and macrophage phenotypes). A - X17500 Lead citrate and  
uranyl acetate and B - X500 Double labeling with muscle specific actin  
(fluorescein) and CD68 (Texas red).

In A, the mesangial cell illustrated at the top shows intracytoplasmic myofila-
ments (top right) and abundant lysosomes with loss of filaments (bottom left.) 
In B, co-expression of muscle specific actin and CD68 with co-localization 
clearly depict hybrid cells in the process of amyloidogenesis.
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	 The two different types of glomerulopathic light chains though 
they use and compete for the same receptor on mesangial cells,  
exhibit entirely different intracellular trafficking patterns [12]. In the 
case of LCDD light chains, the minimal internalization that occurs 
leads to endosomal catabolism, with the receptor being returned to 
the cell membranes (Figure 13). The amyloidogenic light chains are 
taken in by the mesangial cells and the endosomal system is unable to 
catabolize them, directing the internalized light chains to the mature 
lysosomal system where catabolism leads to the formation of fibrils 
(Figures 11,13). The lysosomes must maintain an acidic environment 
to process the internalized light chains and convert them into fibrils. 
If the pH of the lysosomes is increased, their ability to form fibrils is 
impaired [21]. These fibrils are then extruded into the extracellular 
compartment when the lysosomes fuse with the cellular membranes 
and actively expel their contents [22].

What are the Morphologic Parameters that Allow to
Make a Diagnosis of these Diseases in the Clinical
Arena?
	 It is important to understand how these diseases manifest their 
pathologic effects in the glomerular compartment to relate findings 
to those observed in experimental platforms. Renal biopsies from  
patients with LCDD and AL-amyloidosis reveal completely divergent  
mesangial abnormalities. Both diseases evolve from minimal  
manifestations to advanced disease and the sequence of events that 
must take place have now been elucidated in the laboratory where 
these diseases have been recreated for the purposes of studying the 
molecular mechanisms at play.

	 Patients with LCDD and renal involvement can present with 
a variety of glomerular manifestations depending on the stage of 
the disease process. This is easy to understand now that we have a 
clear appreciation of the events that must take place to arrive to the  
advanced morphologic expression known as nodular glomerulo-
sclerosis (Figure 14), a process that mimics morphologically what is 
seen in advanced diabetic nephropathy, suggesting similar molecular  
mechanisms involved in their pathogenesis [18]. LCDD is  
preferentially associated with kappa light chains, mostly kappa I 
and IV, but there are cases also associated with lambda light chains  
[23-25]. These light chains manifest morphologically as punctate  

electron dense material that is sometimes (if not electron dense 
enough) difficult to identify, as it tends to blend with the increased 
mesangial matrix (Figure 14). While in the initial phases of LCDD 
there are proliferative mesangial changes mediated by PDGF-β, as 
the disease progresses and matures, mesangial matrix deposition  
dominates the pathologic picture, driven by TGF-β, which in 
turn exerts a negative feedback on mesangial cellular proliferative  
activity resulting in the formation of mesangial nodules and  
progressive loss of mesangial cells as a direct effect of the  
glomerulopathic light chains [14,17]. Depending on which growth 
factor predominates in the mesangial milieu at the time of the renal 
biopsy, the morphologic findings will vary accordingly with either 
more or less mesangial cell proliferation and/or matrix deposition 
[19].

	 Patients with glomerular AL-amyloidosis progressively replace  
their normal mesangial matrix by non-branching fibrils with  
characteristic disposition (randomly disposed) and measuring  

Figure 13: Schematic representation showing trafficking of LCDD and  
amylodogenic light chains in mesangial cells.

While LCDD light chains are only minimally internalized into the mesangial 
cells and when such catabolized by endosomes, amyloidogenic light chains 
are delivered to the mature lysosomal compartment where their catabolism 
results in the formation of amyloid fibrils.

Figure 14: Renal manifestations of LCDD in renal biopsy material.  
A - X500 - Hematoxylin and eosin stain; B - X750; silver methenamine stain, 
C - X5800, D - X15500, E - X8000 transmission electron microscopy, lead 
citrate and uranyl acetate; E-Immunogold labeling for kappa light chains, gold  
particles 20 nm.

The typical appearance of LCDD in glomeruli is referred to as nodular  
glomerulosclerosis, because of the presence of mesangial nodules  
(appreciable in A and B) which contain abundant extracellular matrix (black 
staining in B). Ultrastructurally light chains appear as punctate, electron dense 
and tend to blend with the mesangial matrix (C and D). In E, gold particles 
mark the kappa light chain deposits.

Figure 15: Renal manifestations of AL-amyloidosis in renal biopsy  
material. A - X500. Periodic Acid Schiff stain (PAS), B - X350 - Congo red stain;  
insert polarization C - X350 - Immunofluorescence of lambda light chains; D 
- X6500, E - X18500; F - X22500 - Transmission electron microscopy, lead 
citrate and uranyl acetate.

Mesangium is expanded with PAS+ amorphous material (A) which is Congo 
red positive (salmon pink color) and polarized with apple green birefringence 
(C). Also note the absence of mesangial cells. In D, the material is noted to 
stain for lambda light chains. Ultrastructurally, fibrillary material results in  
expansion of mesangial cells with replacement of normal mesangial matrix 
(E-G). The fibrils measure between 7-12 nm in diameter.
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7-12 nm in diameter (Figure 15). This process; however, occurs  
slowly and in the early phases of this disease the replacement of  
normal mesangium may be very focal and segmental. The increased 
mesangial deposition of amyloid serves to further enhance apoptosis 
of mesangial cells which also occurs as a direct consequence of the 
amyloidogenic light chains [26-30]. Amyloidosis is characteristically  
associated with lambda light chains and glomerular amyloid is  
generally derived from λ6 light chains [31,32]. However,  
kappa-associated amyloidosis also occurs, though much less  
commonly. 

Extracellular Matrix in these Disorders

	 The experimental platforms clearly showed how the mesangial 
matrix is affected in these two conditions and the molecular  
mechanisms involved in the pathogenesis of these alterations. In 
LCDD, new matrix was produced by mesangial cells resulting in  
expansion of the mesangium. However, the matrix was noted to be 
abnormal. The normal collagen IV-rich mesangium was replaced by a 
tenascin-rich matrix. Genes normally quiescent in normal mesangial  
cells were activated leading to the production of abnormal  
extracellular matrix with fibrillary collagens, and most importantly,  
tenascin. Tenascin is a tenacious protein with an octopus-like  
appearance which binds strongly to integrins and matrix constituents 
[14]. It is a very difficult matrix protein to destroy and dispose of. 

	 In the case of amyloidosis, it has been conclusively shown  
experimentally, that amyloid activate matrix metalloproteinases  
leading to destruction of the normal mesangial matrix which is then 
replaced by amyloid fibrils [30,33,34]. 

	 In both circumstances, mesangial cells become apoptotic  
(Figure 16) as a direct consequence of the monotypical  
glomerulopathic light chains, resulting in significant decrease and 
eventually almost total disappearance of mesangial cells [35]. This is 
clearly evident in experimental platforms and in renal samples from 
patients with advanced LCDD and AL-amyloidosis (Figures 14,15).

Reproduction of Pathologic Changes in the  
Mesangium in In-Vitro, Ex-Vivo and In-Vivo  
Experimental Platforms
	 The various platforms allowed for complete reproduction of the 
two disease processes [14,15,30,34-37]. Mesangial nodularity with 
increased extracellular matrix proteins, predominantly tenascin  
(Figure 17) and replacement of the normal mesangial matrix by  
amyloid fibrils was observed in the in-vitro, ex-vivo and in-vivo  
models using LCDD and amyloidogenic light chains, respectively. 
Each one of these platforms permitted a unique appreciation of the 
events taken place. Using the 6D live image system, the sequence of 
events taking place could be clearly depicted and the process of repair 
could be evaluated sequentially to completion. Each of the models was 
particularly useful for various purposes. For example, the cell culture 
model using coverslips and Matrigel demonstrated the basic principles  
at play and were particularly useful to delineate early events  
(Figure 18) [37]. The ex-vivo model provided a well-controlled system 
to create mesangial damage [34,36] and then repair with monitoring  
of key elements, including amounts of glomerulopathic light chains 
and then mesenchymal stem cells delivered to the kidney [38].  
Finally, the in-vivo animal model where samples were studied with  
transmission and scanning microscopy was unique in depicting the 
process of amyloid secretion into the extracellular matrix [22]. In 
conjunction, the models provided a unified conglomerate of data  
reproducing the key cellular events in each case and substantiated the 
fact that what was observed in-vitro also occurred in-vivo. This fact 
further demonstrated the translational nature of these studies [39] 
and the applicability to design therapeutic strategies for patients with 
glomerulopathies associated with plasma cell dyscrasias.

The Challenge of Repairing the Damaged  
Mesangium
	 If the glomeruli are not repaired, renal failure eventually occurs. 
As a result, the damaged mesangial areas in need of repair present 
several challenges: 1- Lack of mesangial cells to engage in the process;  
2- Debris and abnormal material including fibrils and abnormal  
extracellular matrix proteins need to be disposed of, and 3-Lack of 
necessary growth factors, such as PDGF-β and TGF-β and other  
effector molecules to participate in and facilitate the healing process 
[38,40].

Figure 16: Apoptotic mesangial cell in mesangial cell culture incubated with 
amyloidogenic light chain (10µg/ml). Scanning electron microscopy X9800

Glomerulopathic light chains induce apoptosis of mesangial cells. An apoptotic 
mesangial cell is illustrated.

Figure 17: Human mesangial cells growing on Matrigel incubated with LCDD 
light chain (10µg/ml) for 4 days. Hematoxylin and eosin stain A - X500;  
Immunohistochemical stains for tenascin B - X350 and collagen IV C - X350.

Note formation of mesangial nodules similar to those seen in the renal  
biopsies from patients with LCDD and renal involvement (A). The mesangial 
nodules contain predominantly tenascin and the collagen IV initially present 
in the normal mesangium is almost totally gone and what little remains at the 
periphery of the nodules.
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Mechanisms of Mesangial Repair
	 Once glomerular damage occurs, there are a number of  
intrinsic mechanisms that are activated which will try to heal the  
damage. These mechanisms include migration of bone marrow  
mesenchymal stem cells to the kidneys and/or activation of progenitor 
stem cells that are present in renal niches [41-43].

	 These intrinsic mechanisms are limited and may not be entirely 
effective when the damage surpasses a certain degree of severity. The 
end result then, if no other therapies are employed, is for the glomeruli 
to become sclerotic or obsolescent with accompanying loss of their 
function. Ultimately the patient develops irreversible renal failure.

Exogenous Mesenchymal Stem Cells in the Repair of 
the Damaged Mesangium
	 Obviously it is important to begin treatment early, before  
irreversible glomerular changes take place. Injection of exogenous  
mesenchymal stem cells will provide not only cells that can be  
engaged in the process of repair but also important paracrine effects 
that will make the repair process much more efficient [38, 44-46]. 

	 One challenge is to make sure that the exogenous mesenchymal  
cells are delivered in adequate amounts to the sites of injury.  
Interestingly, they do so quite effectively at least when perfused 
through the renal artery but it may be more challenging to accomplish  
the desired delivery to certain sites, if they are diluted in the  
circulation. Pre-administration of curcumin enhances the migration 
of mesenchymal stem cells to where they are needed for repair [38]. 

	 Exogenous stem cells migrate to sites of injury (Figure 19) and  
rapidly engage in cleaning the damaged mesangium by acquiring a 
macrophage phenotype and phagocytosing the extraneous material. 
Once cleaning has taken place, the mesenchymal stem cells which are 
typically primitive and poorly differentiated with minimal amounts 
of cytoplasm with few organelles, differentiate into mature mesangial 
cells acquiring more cytoplasm in the form of cell process, and  
contractile elements such as myofilaments and attachment plaques 
[39,45,46]. This sequence of events was clearly depicted using the 6D 
liver cell imaging system (Figure 20) and confirmed in the ex-vivo 
platform. They eventually are able to perform contractile functions 
[46] and are morphologically akin to normal mesangial cells. Intrinsic  

extracellular matrix properties regulate stem cell differentiation [47]. 
Then, transformed stem cells proceed to generate new mesangial  
matrix.

Conclusion
	 This manuscript summarizes how mesangial damage occurs in 
mesangiopathies and how it can be repaired, at least experimentally. 
The information that has been obtained should be of great value in 
the design of novel therapeutic avenues to address renal damage in 
plasma cell dyscrasias. The use of mesenchymal stem cells to repair 
the damaged mesangium appears to be a promising therapy to avoid 
irreversible renal damage in many glomerulopathies, not only those 
associated with plasma cell dyscrasias but also in other glomerular 
disorders with similar molecular pathogenesis, as the mechanisms 
involved are generic. Understanding mesangial damage represents a 
definitive advance in terms of future development of new therapeutic 
avenues to ameliorate or stop irreversible glomerulosclerosis.

Figure 18: Mesangial cells growing on Matrigel incubated with tubulopathic 
(A) and amyloidogenic light chain (B and C) for 3 days (A), 1 day (B) and 2 
days (C).

Note that the mesangial cells incubated with tubulopathic light chains are  
normally located on top of the matrix. The mesangial cells incubated with  
amyloidogenic light chains are forming amyloid (amorphous eosinophilic  
material-circled) and the amounts of amyloid increase significantly as more 
time passes (B,C circles).

Figure 19: Mesangial cells incubated with LCDD light chains for 3 days and 
addition of mesenchymal stem cells afterward. A- phase contrast microscopy. 
B - Mesenchymal stem cells marked red with PKH-red

In A, the altered mesangial matrix with deposition of matrix proteins is shown. 
Mesenchymal stem cells marked red identify and migrate to the sites of  
damage to participate in the repair process (red staining in damaged  
mesangial area).

Figure 20: Sequence of events illustrating repair of damaged mesangium by 
amyloidogenic light chain using exogenous mesenchymal stem cells - 6D live 
cell platform 

Mesenchymal stem cells clean the damaged mesangium by phagocytosing  
apoptotic mesangial cells, amyloid fibrils and debris and proceed to  
differentiate into mature mesangial cells lying down new matrix.
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