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Abstract

Kidney podocytes are highly differentiated cells with a complex cellular morphology. They are located inside 
the glomerulus, a corpuscle of capillaries through which blood is filtered hydrostatically through a high-volume/high-
discrimination filter. Neighboring podocyte Foot Processes (FP) is connected by a specialized cell-cell junction, the Slit 
Diaphragm (SD), which represents the main size selective filtration barrier in the kidney. The podocyte is an attractive 
cell for drug targeting due largely to its presence on the epithelial surface of one of the best vascularized organs in 
the body. Podocytes are exposed to 180 liters of filtered water and solutes each day, with the glomerular basement 
membrane and fenestrated glomerular endothelium not likely to be obstacles to small molecule passage. Though no 
podocyte-specific drugs are presently available, clinical nephrology has taken advantage of the pleitropic effects of a 
diverse array of therapeutic agents to treat glomerular disease. Glucocorticoids, retinoic acid, cyclosporine, abatacept, 
ACTH, thiazolidinedione, angiotensin converting enzyme inhibitors and rituximab have been successfully repurposed 
from other clinical indications to treat protein uric kidney disease. By different mechanisms these agents all non-
specifically target podocytes to promote their survival under disease conditions. This review summarizes the currently 
understood mechanistic basis for their use.
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Introduction
All forms of nephrotic syndrome are characterized by abnormalities 

in podocytes including retraction (effacement) of podocyte FP and/
or molecular reorganization of the SD [1]. Foot process effacement 
requires a precise interplay of multiple cellular functions including 
structural alterations of the cytoskeleton, movement of FP over the 
glomerular basement membrane, and reconstruction of the SD [2]. 
The discovery of several novel podocyte proteins and their mutation 
analysis including nephrin [3], CD2AP [4,5], α-actinin-4 [6], podocin 
[7], TRPC6 [8,9], neph1 [10] and PLCe1 [11] has shed light on the 
pathogenesis of proteinuria and emphasized the critical role of the 
podocyte and the SD in maintaining the integrity and function of 
the glomerular filtration barrier. Recently, mutations encoding INF2 
[12], a member of the formin family of actin-regulating proteins, 
have been identified as a major cause of autosomal dominant Focal 
Segmental Glomerulosclerosis (FSGS) [13]. Clear clinical correlations 
between a reduction in podocyte number and proteinuria have been 
identified. A reduction in podocyte number beyond a critical threshold 
is sufficient to cause glomerular disease progression in experimental 
models [14,15]. In human disease, podocyte depletion contributes to 
the progression of diabetic nephropathy in type I and type II diabetes 
mellitus [16-18]. Podocyte loss also correlates closely with the degree 
of proteinuria, glomerulosclerosis and renal dysfunction in patients 
with IgA nephropathy [19]. These and other findings have established 
podocytes as the key target cell in glomerular disease progression. 
Though no podocyte-specific drugs are currently commercially 
available, many agents originally developed for other clinical indications 
are used to treat glomerular disease and act directly on the podocyte to 
preserve their structural integrity. Here we will summarize the current 
knowledge regarding their mechanism of action on podocytes. This 
review is not all-inclusive and does not contain a discussion of novel or 
potential therapeutic targets. The focus is on agents currently in clinical 
use.

ACE-inhibitor/ARB Therapy
Glomerular capillary hypertension induces podocyte injury 

and subsequent podocyte loss with glomerulosclerosis then leads 
to increased pressure gradients across capillary walls in remaining 

functional nephrons, perpetuating a deleterious cycle of further 
podocyte damage [20]. Angiotensin II is an important regulator 
of glomerular capillary pressure through its effects on afferent and 
efferent glomerular arterioles. Inhibition of angiotensin II production 
and/or receptor binding has been shown to ameliorate the progression 
of kidney diseases characterized by elevated glomerular capillary 
pressure [21]. Apart from hemodynamic effects there is evidence that 
locally produced angiotensin II in the kidneys promote release of 
cytokines and chemokines such transforming growth factor (TGF)-
beta1, osteopontin, Tumor Necrosis Factor (TNF)-alpha, secreted 
protein acidic and rich in cysteine (SPARC), and RANTES (regulated 
on activation normal T-cell expression and secreted) that can induce 
tubule interstitial fibrosis and inflammation, stimulate monocytes/
macrophages infiltration, promote cellular proliferation, and stimulate 
apoptosis [22]. The suggestion of a direct effect of angiotensin II 
on podocytes in particular has been put forth by several authors. 
Angiotensin II induces reorganization of the actin cytoskeleton and 
increases intracellular cAMP in cultured glomerular epithelial cells 
[23]. ACE inhibition prevents glomerular redistribution of the tight 
junction protein Zona Occluden-s1 (ZO-1), a component of the slit 
diaphragm, which is associated with the development of proteinuria 
in MWF rats [24]. In experimental models of diabetic nephropathy, 
treatment with the ACE-inhibitor perindopril attenuates foot process 
broadening and restores expression of the slit diaphragm protein 
nephrin, which is down regulated under disease conditions [25,26]. 
Given these findings and previous findings that mechanical stress 
inhibits leads to rearrangement of the podocyte actin cytoskeleton [27], 
one study evaluated the effects of mechanical strain on angiotensin II 
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production and subsequent podocyte injury [28]. Immortalized human 
podocytes subjected to cyclical stretch had increased angiotensin II 
production, which was not diminished in the setting of pre- incubation 
with an ACE-inhibitor, and increased expression of the Angiotensin 1 
Receptor (AT1R). Overexpression of AT1R was also observed in the 
remnant kidney model in the rat that is associated with glomerular 
capillary hypertension, as revealed by immune staining. Mechanical 
strain induced apoptosis of podocytes in a seemingly AT1R-
dependent fashion, as this effect was duplicated following exogenous 
administration of angiotensin II to podocytes and was conversely 
diminished following treatment with the AT1R antagonist valsartan 
[28]. The same authors showed that hyperglycemia may contribute 
to increased angiotensin II production in cultured podocytes by 
upregulation of renin activity, offering an additional stimulus for 
activation of the renin-angiotensin system in diabetic kidney disease 
[29]. Both papers suggest that the therapeutic benefit of angiotensin 
blockade in chronic renal disease stems not only from the reduction 
in glomerular capillary pressure but also from protection of podocytes 
against apoptosis and actin cytoskeletal rearrangement that is at least 
in part induced by mechanical stress. However, given that ACE-
inhibitors were not able to mitigate the effects of either mechanical 
strain or hyperglycemia on angiotensin production, there may be 
an ACE-independent pathway primarily responsible for generation 
of angiotensin II from angiotensin I in podocytes. Angiotensin II 
has been reported to increase free cytosolic calcium in podocytes via 
release from intracellular stores as well as entry from the extracellular 
compartment, which may be mediated by TRPC6 [30,31]. Indeed, 
mutations in TRPC6 that increases its responsiveness to angiotensin II 
have been identified in familial forms of FSGS [9]. Intracellular calcium 
accumulation can lead to activation of Calmodulin-dependent protein 
kinase (CaMK) II across different species [32], and then CaMK II 
activates a downstream signaling pathway mediated by the transcription 
factor cAMP response element (CRE)-binding protein (CREB), which 
is involved in multiple physiological processes [33]. CaMKs/CREB 
activation is accompanied by up-regulation of Wnt. Activation of Wnt/
β-catenin signaling, an evolutionarily conserved signaling cascade, 
can trigger podocyte injury and dedifferentiation [34]. Angiotensin 
II was observed to activate CaMK signaling in cat and rat myocytes 
[35], and it was recently demonstrated that angiotensin also mediates 
phosphorylation of CaMK and CREB in cultured podocytes [36]. 
Angiotensin II infusion ultimately upregulates Wnt expression and 
activated β-catenin via CaMK/CREB signaling pathway, which leads 
to subsequent podocyte injury in vitro and in vivo mouse models [36]. 
Inhibition of the CaMK/CREB and Wnt/ β -catenin signaling pathways 
ameliorates angiotensin-II-induced podocyte damage in vitro and in 
vivo. TGF-β may represent the link between angiotensin II and Wnt/ 
β-catenin signaling as angiotensin II is known to up regulate TGF-β 
expression [37], and TGF-β separately has been shown to increase Wnt 
expression, β-catenin activation, and expression of Wnt/ β-catenin 
downstream target genes [38]. In summary the effects of angiotensin II 
on various intracellular signaling pathways and demonstrated success 
of some targeted angiotensin inhibitors in amelioration of podocyte 
damage represents another potential area for therapeutic development. 

Glucocorticoids
Glucocorticoids have been the mainstay of treatment for nephrotic 

syndrome for nearly 60 years, despite limited understanding of both 
the pathogenesis of nephrotic syndrome and the mechanistic basis 
for their use. It was suggested in the 1970s that minimal change 
disease may be an autoimmune disorder derived from secretion of a 
“basement membrane toxin” by a clonal population of T-lymphocytes 

that enhanced basement membrane permeability, thus explaining 
response to the immunosuppressive effects of glucocorticoids and their 
preferential depletion of T-lymphocytes over B-lymphocytes [39]. 
Though numerous candidate permeability factors have been proposed 
such as hemopexin [40,41], angiopoietin-like-4 [42] and vascular 
permeability factor [43] in minimal change disease, and cardiotrophin-
like cytokine-1 [44] and Soluble Urokinase Receptor (suPAR) in FSGS 
[45], further investigational and confirmatory studies are needed.

Recently, studies have focused on the potential targeted actions 
of glucocorticoid treatment on podocyte structure, function, and cell 
survival. This shift in investigational focus follows the demonstration 
of the presence of glucocorticoid receptors in podocytes, as well 
as glomerular cells, parietal epithelial cells, endothelial cells, and 
mesangial cells, via immunoblot and immunohistochemical studies 
with glucocorticoid receptor nuclear translocation shown in response 
to dexamethasone treatment [46]. Glucocorticoids increase the stability 
of actin filaments and induce expression of cytoskeletal-associated 
kinases that promote microfilament assembly [47,48]. Dexamethasone 
treatment in vitro protects podocytes from Puromycin Amino 
Nucleoside (PAN) injury by inhibiting actin filament disruption 
and increasing RhoA expression [49]. The glucocorticoid-podocyte 
relationship is specific, as mesangial cells and fibroblasts are not 
similarly protected from PAN injury even at higher concentrations of 
dexamethasone, and pre-treatment with alternate steroid hormones do 
not mitigate the deleterious effects of PAN on podocytes [49]. In addition 
to the protective effect on the actin cytoskeleton dexamethasone also 
protects podocytes from PAN-induced apoptosis. Dexamethasone 
abrogates p53 and pro-apoptotic Bax expression associated with PAN 
treatment. Dexamethasone also inhibits the nuclear translocation of 
apoptosis-inducing factor after PAN treatment [50].

Cyclosporine
Cyclosporine has long been shown to reduce proteinuria in 

nephrotic syndrome secondary to FSGS and minimal change disease 
[51-53]. Cyclosporine is an inhibitor of the serine/threonine kinase 
calcineurin, which regulates NFAT (nuclear factor of activated T 
cells) signaling, and the immunosuppressive actions of cyclosporine 
are attributed to NFAT inhibition in T cells [54]. Since some forms 
of nephrotic syndrome are thought to have immunologic origins 
secondary to T-cell dysfunction leading to podocyte injury, it was 
initially believed that the therapeutic effect of cyclosporine was 
primarily mediated by NFAT inhibition [55]. However, the benefit 
of cyclosporine in non-immunologic forms of nephrotic syndrome 
such as Alport’s disease [56] suggests a non-immunologic basis 
for calcineurin inhibitor action. It has been demonstrated that 
synaptopodin, a podocyte actin-bundling protein [57,58] colocalizes 
with calcineurin and is a target of calcineurin signaling [59]. Calcineurin 
dephosphorylates synaptopodin at its 14-3-3 binding motifs, thereby 
making synaptopodin more susceptible to Cathepsin L mediated 
degradation [59]. Transgenic mice overexpressing calcineurin have 
reduced levels of synaptopodin as well as RhoA and have significant 
proteinuria [59]. Calcineurin is also activated in heart tissue by the 
canonical transient receptor potential- 6 (TRPC6) [60], which is a 
component of the glomerular slit diaphragm and a disease gene in 
FSGS [8,9]. It has been hypothesized that calcium influx via TRPC6 
may activate calcineurin, leading to loss of synaptopodin in podocytes 
to produce nephrotic syndrome phenotype. This is supported by the 
finding that TRPC6 overexpression leads to loss of actin stress fibers 
similar to synaptopodin gene deletion and development of proteinuria 
[58,61]. Overall these results elucidate a new mechanism of podocyte 
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injury due to down regulation of synaptopodin via calcineurin, which 
can be mitigated by cyclosporine and hopefully can be translated to the 
development of new therapeutic agents in the future.

Rituximab
Rituximab is a monoclonal antibody directed against the CD20 

receptor on B- lymphocytes that has been used to acute allograft 
rejection, recurrent FSGS post kidney-transplantation [62], and ANCA-
associated glomerulonephritis [63], as well as steroid-dependent 
nephrotic syndrome in adults [64] and children [65]. Rituximab may 
potentially cross-react with sphingomyelin phosphodiesterase acid-like 
3b protein (SMPDL-3b) [66] and may regulate acid sphingomyelinase 
(ASMase) activity in raft microdomains [67], which are central 
organizers of cellular receptors and signaling molecules [68], as was 
observed in lymphoma cells. A recent study explored the hypothesis that 
Rituximab could control the actin cytoskeleton remodeling process in 
podocytes via stabilization of sphingolipid-related enzymes [69]. First, 
CD20 was found to be absent in podocytes from normal human kidney 
sections and post reperfusion biopsies from patients with FSGS, while 
rituximab was found to bind SMPDL-3b in podocytes from normal 
human kidney sections and cultured human podocytes, supporting 
a CD20-independent effector pathway for rituximab in podocytes. 
SMPDL-3b protein expression was decreased in post-reperfusion 
biopsies from patients who later developed recurrent FSGS post-
transplant [69]. When human podocytes were cultured in the presence 
of sera collected pre-transplant from these patients, there was similarly 
found to be downregulation of SMPDL-3b and ASMase protein levels 
and reduced ASMase activity, but this was prevented by rituximab 
treatment [69]. Actin stress fibers were disrupted in podocytes 
cultured in the presence of recurrent FSGS patient sera, and there was 
a positive correlation between the loss of stress fibers and the urinary 
protein/creatinine ratio post-transplantation. Both pre-treatment 
with rituximab and SMPDL-3b overexpression in these podocytes 
partially reduced this stress fiber disruption, suggesting a sphingolipid-
dependent effect of recurrent FSGS sera on the actin cytoskeleton 
which is opposed by rituximab [69]. This is further supported by 
the observation that rituximab treatment did not prevent the more 
pronounced stress fiber disruption or the increased level of apoptosis 
seen in SMPDL-3b knockdown cells after exposure to recurrent FSGS 
sera. In their conclusion, the authors highlight that the potential role of 
sphingolipid metabolism in glomerular injury [69]. This is supported 
by observed glomerular pathology in patients afflicted by the genetic 
disorder Niemann- Pick disease, in which sphingomyelin accumulates 
due to lack to lack of ASMase activity [70]. There is therefore some 
evidence for targeted protective action of rituximab on the podocyte 
actin cytoskeleton via preservation of sphingomyelin-related enzymes 
which can contribute to preservation of the glomerular filtration barrier 
and reduction of proteinuria following podocyte injury.

Retinoic Acid
A hallmark feature of HIV-Associated Nephropathy (HIVAN), 

which appears histologically as collapsing focal segmental 
glomerulosclerosis [71], is the proliferation and dedifferentiation of 
podocytes as seen in HIV transgenic mice [72] and podocytes infected 
with HIV-1 in vitro [73]. These phenotypic changes are primarily 
attributed to the HIV nef gene [74], which was shown to increase activity 
of Src kinase and phosphorylation of signal transducer and activator of 
transcription 3 (Stat3) and activate the Ras-c-Raf-MAPK1,2 pathway in 
infected podocytes [75]. Retinoids, derivatives of vitamin A which are 
produced at high levels in the kidneys [76], regulate cell proliferation, 
differentiation, and apoptosis. The cellular effects of retinoids are 

mediated via binding to their nuclear receptors, Retinoic Acid 
Receptors (RAR) and retinoid X receptors (RXR), which leads to gene 
transcription [77] and also via direct activation of cytosolic signaling 
molecules such as MAPK [78] and protein kinase C [79]. In addition 
to their role in treatment of malignancies such as acute myeloblastic 
leukemia, retinoids first showed promise as therapy for glomerular 
disease in animal studies as they were found to reduce glomerular 
damage and albuminuria in rat models of mesangioproliferative 
glomerulonephritis [80], improve foot process effacement and diminish 
proteinuria in PAN models of nephrosis [81], and protect against 
the development of glomerulonephritis in mouse models of lupus 
nephritis [82]. Recently, the effects of retinoid therapy against podocyte 
proliferation and dedifferentiation underlying HIVAN have been 
investigated. AtRA (All-trans-retinoic acid) has been demonstrated 
to reduce proliferation of both control and HIV-1 infected podocytes 
in a reversible, apoptosis-independent manner and inhibit contact-
independent growth of podocytes induced by HIV-1 infection [83]. In 
HIV-1 infected cells, AtRA inhibits cell proliferation by inducing arrest 
in phase G1 of the cell cycle, likely via downregulation of expression of 
cell cycle proteins cyclin A and cyclin E. AtRA-induced differentiation 
of podocytes is suggested by the detection of increased mRNA levels 
of markers of podocyte differentiation including WT-1, synaptopodin, 
nephrin, and podocin following AtRA treatment of HIV-1 infected 
podocytes. The in vitro findings of this study were replicated in vivo as 
treatment of HIV-1 transgenic mice (Tg26) with AtRA led to reduction 
of proteinuria and glomerulosclerosis compared with untreated Tg26 
mice [83]. Activation of the cAMP/PKA pathway has been proposed 
to be the likely mechanism underlying AtRA’s reversal of HIV-1-
induced proliferation and dedifferentiation. Treatment of podocytes 
with a stimulator of adenylyl cyclase and cAMP analogue similarly 
inhibits proliferation and restored expression of synaptopodin on 
HIV-1 infected podocytes, whereas a competitor of endogenous cAMP 
diminishes these effects. These results have therapeutic significance as 
induction of the cAMP- PKA pathway has been shown to regulate the 
actin cytoskeleton assembly and morphology of podocytes such that 
glomerular permeability is reduced [84].

The demonstrated therapeutic effects of retinoids on HIV-1 infected 
podocytes in vitro and in experimental animal models of HIVAN 
present exciting new possibilities for future treatment of HIVAN, 
particularly in those patients who do not respond well to antiretroviral 
agents alone. An ongoing phase II clinical trial will investigate the use 
of AtRA to treat patients with steroid-resistant FSGS, minimal change 
disease, and collapsing glomerulopathy. Given that the side effect 
profile of AtRA is thought to be mediated mostly through the RARɣ 
receptors [85] a recent study [86] evaluated the effects of Am580, a 
specific RARα agonist that causes fewer side effects than AtRA [87], 
on Tg26 mice. Similar to the previously reported in vitro findings, 
treatment with Am580 prevented kidney hypertrophy, reduced 
proteinuria, and improved renal function. Similar to AtRA, Am580 
inhibits podocyte proliferation and restored expression of the podocyte 
differentiation markers synaptopodin, nephrin, and WT-1. RARα 
knockout Tg26 mice have more severe podocyte injury and proteinuria 
than Tg26 littermates, which is not ameliorated by Am580 treatment. 
This suggests that RARα mediates an endogenous nephroprotective 
pathway. Another recent study explored the development of the novel 
RARα agonist BD4, a derivative of Am580 containing boronic acid, 
which was found to bind to RARα in podocytes with both higher 
affinity and lower toxicity than AtRA and AM580 [88]. Similar to AtRA 
and AM580, BD4 treatment induces the expression of differentiation 
markers in cultured podocytes and improves kidney injury and 
proteinuria in Tg26 mice. Though the full side effect profile of BD4 
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is unknown, the results suggest that development and investigation of 
additional RARα agonists is a promising direction for future HIVAN 
therapies.

Thiazolidinediones
The thiazolidinedione class of antidiabetic agents includes 

the drugs pioglitazone and rosiglitazone which are agonists of the 
peroxisome proliferator-activated receptors γ (PPARγ). PPARγs are 
ligand-activated transcription factors of the nuclear hormone receptor 
superfamily that are involved in adipogenesis, glucose homeostasis, 
inflammatory responses, and apoptosis [89]. In addition to their 
glucose regulatory effects, thiazolidinediones have been shown to 
reduce podocyte injury, albuminuria, and proteinuria in animal 
models of nondiabetic and diabetic nephropathy as well as in human 
diabetic patients [90-92]. Pioglitazone ameliorates the development of 
PAN-induced glomerulosclerosis in vivo [93] and reduces podocyte 
apoptosis and necrosis in vitro [94]. Rosiglitazone attenuates the 
development of proteinuria and glomerulosclerosis in doxorubicin-
induced focal segmental glomerulosclerosis in rats [95]. Pioglitazone 
and rosiglitazone protect cultured podocytes from PAN-induced 
injury, though to a lesser extent than dexamethasone alone, and 
combination of thiazolidinediones with dexamethasone improved cell 
viability beyond that attained with either drug treatment alone [96]. 
Similar to glucocorticoids, thiazolidinediones protect actin filaments 
against disruption from PAN [96]. This study also adds to existing 
evidence that thiazolidinediones may affect PPARγ- independent 
pathways. Rosiglitazone in particular was shown to decrease activation 
of MAPKs, which have been known to produce podocyte injury and 
have been implicated in the pathogenesis of several in vivo models of 
renal disease [97].

ACTH
Adrenocorticotrophic Hormone (ACTH), a melanocortin 

polypeptide hormone endogenously produced by the anterior pituitary 
that stimulates cortisol production by the adrenal cortex [98] was 
initially used to treated childhood nephrotic syndrome in the 1950s 
and 1960s in lieu of steroids [99]. The use of ACTH for nephrotic 
syndrome subsequently declined over the following decades until 
it was unexpectedly observed to reduce albuminuria and increase 
estimated GFR in patients with idiopathic nephrotic syndrome [100]. 
A recent randomized controlled study further showed that similar 
rates of remission and proteinuria reduction were obtained in patients 
with biopsy-proven idiopathic membranous nephrotic syndrome 
following one year of therapy with synthetic ACTH as compared with 
a six month regimen of methylprednisolone plus a cytotoxic agent 
(cyclophosphamide or chlorambucil) after a median follow up period of 
24 months [101]. The observation that ACTH is an effective treatment 
option in steroid-resistant nephrosis [102] suggests that this hormone 
mediates its antiproteinuric effects by an independent mechanism from 
its steroidogenic actions, which is the focus of ongoing investigation. 
The identification of Melanocortin 1 Receptor (MC1R) expression in 
human podocytes [103], and the ability of a specific MC1R agonist to 
reduce glomerular injury in experimental Heyman nephritis [103], 
should help define the mechanism of action of synthetic ACTH used in 
Europe and the Acthar form available in the US. 

Abatacept
Abatacept (CTLA-4-Ig) is an inhibitor of the T-cell costimulatory 

molecule B7-1 (CD80) that is currently approved for the treatment of 
rheumatoid arthritis [104]. Increased B7-1 expression in podocytes 

has been demonstrated in experimental mouse models of nephrotic 
syndrome and correlates with the severity of human lupus nephritis 
[105]. A recently published study demonstrated B7-1 immunostaining 
in recurrent FSGS post- transplantation and one patient with steroid-
resistant primary FSGS in a native kidney [106]. These five patients 
received Abetacept with subsequent improvement in proteinuria and 
renal function constituting complete or partial remissions in all [106]. 
In vitro studies demonstrated that B7-1 disrupts activation of β-1 
integrin by competing with talin for β-1 integrin binding. In vitro, a 
proposed mechanism for the anti-proteinuric effect of Abatacept was 
identified in its ability to inhibit B7-1 induced podocyte migration and 
restoration of β-1 integrin activation in B7-1 expressing podocytes 
[106]. Subsequent clinical trials will be needed to fully explore the 
clinical utility of Abatacept in B7-1 positive glomerular disease.

Conclusion
The common etiology of nephrotic syndrome is podocyte 

injury and loss with associated actin cytoskeletal disruption and 
foot process effacement. There is significant evidence that currently 
available treatment modalities, irrespective of the intent when they 
were developed, indeed actively regulate the survival, differentiation, 
structural regulation, and cell signaling of podocytes. These factors 
affirm their place among recommended drug regimens for proteinuric 
kidney disease. Increased understanding of the signaling pathways 
underlying podocyte loss will enhance the pipeline of therapeutic 
targets in the development of podocyte-specific drugs. This will reduce 
the side effects patients are exposed to from long-term use of non-
specific and systemic immunosuppressive agents.
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