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LECTINS IN THE INVESTIGATION OF RENAL PATHOLOGIES
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Carbohydrate-rich biopolymers — glycoproteins and proteoglycans — play an extremely important role in renal
histophysiology. In particular, glycoproteins podoplanin and podocalyxin of podocytes maintain the morpho-functional status of
these cellular elements: formation of pedicels, slit diaphragms, and, together with the glomerular membrane — a negative electrical
charge and selective permeability of the filtration barrier. Proximal tubules brush border glycoproteins megalin and kubilin are in
charge of endocytosis and reabsorption of macromolecules from the ultrafiltrate. Glycoproteins of extracellular matrix —
fibronectin, laminin, tenascin, nidogen, various types of collagen, heparan-sulfate proteoglycans perlecan and agrin, dermatan-
sulfate proteoglycans versican, biglycan and decorin provide adhesive, mechanical support and inductive properties of renal micro-
and ultrastructures. Therefore, lectins as reagents capable of selective recognition of specific glycoepitopes proved to be a valuable
tool in the investigation of both normal renal morphogenesis and pathogenesis of nephropathies. Special attention is paid to modern
trends in lectinology — investigation of endogenous lectins of humans and animals and their role in health and disease. Practical
examples of lectins application as selective histological markers of renal structures are depicted.

Key words: lectins, glycoconjugates, kidney, histopathology.

O.1. JIyuuk, A.M. Slmenko, I.B. Ueananoa, H.O. Am6apoBa
JJEKTUHHU Y JOCJJIKEHHI TICTOMNATOJIOT' T HUPKA

V ricTodizionorii HIPOK BUKITIOYHO BaKIIMBA POJIb HAJIEKUTH BHCOKOMOJICKYJSIPHHM BYTJIEBOJOBMICHUM OioromiMepam —
[JIIKOIPOTEIHAM 1 IpoTeoryiikaHaM. 30KpeMa, MIiKOMPOTEiHM MOIOLKTIB MOJOIUIAHIH i MOJOKATIKCHH 3a0e31edy0Th MiATPUMAaHHsT MOpdo-
(DYHKIIOHAJIGHOTO CTaTyCy O3HAYEHMX KIITHHHHX €JIEMEHTIB: ()OpMyBaHHS LUTOMOIIH, IUIMHHNX AiadparM, Ta, CIIUIEHO 3 MeMOpaHOIo
HHPKOBOTO KITyOOYKa — HEraTUBHMHA EJIeKTPUYHHMI TMOTEHIIa i CeNeKTUBHY MPOHMKHICTH (imbTpariitHoro Gap’epy. ['nmikornporeinn
IIITOYKOBOT OOJISIMIBKH CITITETIOLHUTIB MPOKCUMATBHHX TPYOOUOK He()POHIB MeraiiH i KyOuTiH BifirparoTh MPOBIAHY POJIb Y MEXaHi3Max
SHJIOUTO3Y Ta peabcopOLiii MaKpOMOJIEKyII 3 yIbTpadiabTpaty. [TKONpOTeiHN eKCTpareTIosIPHOr0 MaTpHKCy — (hiOPOHEKTHH, JTaMiHiH,
TEHACLWH, HifloreH, koiareH IV Tuity, renapan-cybhar NpoTeoriiKaHy NepiieKaH Ta arpyH, JepMaTaH-Cyib(har NPOTeOrIiKaH! BEPCUKaH,
OirTikaH Ta IEKOpHH 3a0e3MedyloTh a/Ire3HBHi, OIOPHO-MEXaHI4HI Ta IHAYKTHBHI BIACTHBOCTI HUPKOBHX MIKPOCTPYKTYp. JIEKTHHH siK
peareHTH 31aTHi 10 BUOIPKOBOTO PO3Mi3HABAHHS IIIIKOMOMIMEDIB Y 3AJIEKHOCTI Bifl CKIIaTy Ta KOH(Iryparti iXHiX KiHIIEBUX BYTJICBOIHHX
JETePMIHAHT TPE/CTaBISIOTh COOOI0 LIIHHHI IHCTPYMEHT y JOCIIDKEHHI SIK HOPMAJIbHOro MopgoreHesy HHpOK, Tak i erioraroreHesy
Hedponariit. OcobrBa yBara npuiieHa Cy4acHAM TEHACHLISIM Y JIEKTUHOJIOT] — IOCIIi[DKEHHIO eHIOTeHHUX JICKTHHIB JIOIMHH 1 TBAPUH
Ta ixHilt pori 3a (i3i0NOriYHNX YMOB Ta y MaToreHe3i HUPKOBUX XBopoO. HaBeneHo mpuxiaay npakTHIHOTO 3aCTOCYBAHHS JICKTUHIB SIK
CEJICKTHBHHX TiCTOJIONYHMX MapKepiB HUPKOBUX CTPYKTYP.

Ki1r040Bi crioBa: IEKTHHU, TJIKOKOH IOTaTH, HUPKA, TiCTONATOJIOTs.

The study is an initiative.

Carbohydrate-rich biopolymers — glycoproteins and proteoglycans — play an extremely important
role in renal histophysiology. In particular, glycoproteins podoplanin and podocalyxin maintain the
morpho-functional status of podocytes: formation of pedicells, slit diaphragms, and, combined with
glomerular membrane — a negative electrical charge and selective permeability of the filtration barrier [18,
20]. Proteoglycans possess dual nature: from one hand, some of them expose glycosidic moieties (e.g.
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DGalB1-4DGlc terminus) in core proteins and, therefore, can be treated as lectin receptors [6]; from the
other hand, proteoglycans like versican and aggrecan contain sugar-binding domains, which belong to C-
type superfamily of animal lectins. Moreover, recently was reported an intimate correlation between the
inadequate activities of animal lectins (e.g. Galectin-3) and the development of renal pathologies [4—7].

This paper is summarizing our experience and relevant literature information concerning lectins
application in fundamental and clinical research on kidney histopathology.

Diabetic nephropathy (DN), also known as diabetic kidney disease, is defined as the chronic loss
of kidney function occurring in those with diabetes mellitus. Diabetic nephropathy is one of the leading
causes of chronic kidney disease and end-stage renal disease globally and, probably, is the most thoroughly
investigated renal pathology by means of lectin histochemistry 3, 9, 12, 15, 16, 19]

We used a set of 14 lectins with different carbohydrate affinities to study the redistribution of renal
glycoepitops in streptozotocin-induced diabetic rats. The most representative results were obtained with
lectins as follows: LCA (DMan/DGlc specific), SNA (NeuNAco2-6DGal specific), WGA (DGIcNAc >
NeuNAc), RCA (DGal > NeuNAc), PNA (DGalp1-3GalNAc specific), HPA (aDGalNAc specific) and
LABA (aLFuc specific) [3, 15]. We used a set of 14 lectins with different carbohydrate affinities to study
the redistribution of renal glycoepitops in streptozotocin induced diabetic rats.

It was detected in streptozotocin-treated rats reduced reactivity of renal epithelium cytoplasmic
glycoconjugates, of proximal tubules brush border, as well as of collecting duct luminal surface with LCA,
SNA, WGA, RCA and LABA with simultaneous enhanced labeling of these same structures by PNA and
HPA lectins. However there can exist another possibility described in paper of Bilyy and Stoika [5]
concerning pre-apoptotic events in the cell cultures — activation of sialidases resulting in demasking of sub-
terminal DGal and DGalNAc residues, to which are directed affinities of PNA and SBA lectins.

In the control group rats CNFA selectively labeled renal corpuscles and brush border of proximal
tubules; in diabetic rats reactivity of renal corpuscles enhanced, while brush border exposed heterogeneity
of this lectin binding two weeks after streptozotocin administration and complete areactivity two months
later; instead CNFA label was uniformly distributed in the cytoplasm of proximal tubules epitheliocytes,
this observation apparently encompass alteration of cellular mechanisms responsible for polarization of
plasma membrane in these cells [2].

MPFA in control group rats demonstrated rather selective reactivity with podocytes, mesangial
cells and filtration membrane, brush border of proximal tubules, distal tubules and collecting duct cells.
LPFA under both — physiological and pathological conditions — in renal cortex strongly labeled corpuscles,
in medulla — luminal surface of tubular labyrinth, in papillary region — loops of Henle and stromal
components. Intensity of binding elevated in kidneys of streptozotocin treated rats, being similar, but not
identical to that of PNA and HPA lectins [3].

Taking into account obtained results the following conclusions could be elaborated: (1)
streptozotocin-induced diabetes cause significant remodeling of kidney glycome - reducing of
DMan/DGlc, DGIcNAc, NeuNAc and LFuc sugar determinants with simultaneous exposure/unmasking of
DGal and DGalNAc residues; (2) lectins demonstrated selective labeling of rat kidney constituents: WGA,
RCA - of renal corpuscles and tubules of outer medulla; HPA — of cortical tubules; (3) original lectin
preparations — MFA, LPFA and CNFA can be recommended for further application for selective kidney
structures labeling and in experimental histopathology research.

Significant differences in UEA-I, PHA-E, GS-I, PNA and RCA reactivity with rat kidney protein
blots reflect altered glycosylation patterns accompanying progression of diabetic nephropathy [19].
Ostergaard et al. [16] reported that progression of streptozotocin-induced diabetic nephropathy in murine
model correlated with marked elevation (approx. 2 times fold) autoreactivity of endogenous mannose-
binding lectin (MBL), which, in its turn, induce the formation of circulating complement activation product
C3a, which as proinflammatory mediator playes crucial role in plenty of kidney diseases [9].

Microarray assays of sialospecific lectins (SNA, SSA and SJA-I) were recommended for
quantitative evaluation of urinary fetuin A level, which can serve as a reliable prediction marker of diabetic
nephropathy progression in humans [12]. Recent publication of Zhu et al. [24] specified the latter data
reporting that enhanced exposure of glycoepitopes with terminal NeuNAc2-6Gal/GalNAc recognized by
lectin SNA in human urine correlates with diabetic nephropathy progression, while glycopatterns of
GlcNAc, recognized by STA lectin can be used for differentiation of diabetic and nondiabetic
nephropathies. Interestingly that similar sugar determinants of DMan/DGlc and NeuNAc were referred to
as the chief players in the mechanisms of cellular apoptosis [5].

Polycystic kidney disease (PKD) is an inherited disorder in which clusters of cysts develop
primarily within the kidneys, causing them to enlarge and lose function over time. Cysts are noncancerous
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round sacs containing fluid. The cysts vary in size, and they can grow very large. Studies of
ethiopathogenesis of PKD recruiting different methodological approaches, including lectin histochemistry,
are currently in progress.

In PKD of adults, there was identified a mixture of two types of cysts: one positive to PNA, the
other positive to LTA. Moreover, some cysts did not stain with either lectin. The authors suggested that in
adult PKD cysts could originate from any portion of the nephron.

In several investigations, directed towards the clarification of polycystic kidney disease
pathogenesis, LTA was used as a reliable marker of Bowman's capsule-proximal tubule integrity in mouse
models [8]. It is noteworthy that in murine kidney urinary pole of Bowman's capsule similarly to proximal
tubule is lined by tall parietal cells, both avidly binding LTA. Shortly after unilateral ureteral obstruction
these cells become flattened and loss affinity to LTA lectin; due to apoptosis and autophagy renal corpuscle
becomes atubular, further transforming into cystic lesion [8].

Some of Bowman's capsule parietal cells, which resemble immature podocytes, were round
shaped, protruded into urinary space, formed cytotrabecules, pedicels and filtration slits, and like typical
podocytes exposed WGA receptor sites. The presence of these cells, named parietal podocytes, in all cysts
suggests that abnormal differentiation may play important role in the pathogenesis of this type polycystic
kidney disease.

Nephrosis is defined as degenerative and inflammatory pathology primarily affecting the renal
tubules, particularly proximal convoluted tubules.

Electron microscopic examination of rat kidney under experimental puromycin-induced nephrosis
in comparison with intact organ revealed a significant loss of sialic acid from podocalyxin molecules,
located in podocytes, glomerular basement membrane and mesangial matrix of injured renal tissues.

In several different kidney diseases the glomerular endothelium expressed also a2.3 linked sialic
acid alongside with increased TMA lectin reactivity of epithelial cells related to a2.6 linked sialic acid. The
study did not show changes characteristic of specific diseases; increased sialic acid expression on
glomerular endothelium and podocytes was linked to a vide variety of pathological changes, just
encompassing pathological chages of renal glycoepitopes.

Glomerulonephritis (GN) is defined as inflammatory condition and damage of kidney glomeruli.
GN is subdivided to non-proliferative and proliferative, the latter including: (I) IgA nephropathy; (II) post-
infectious; and (III) membranoproliferative GN. Despite the fact that glomerulus is among the chief
structures involved in renal pathologies development, publications strictly regarding the rearrangement of
glomerular glycoepitopes in membranoproliferative glomerulonephritis are sparse. However papers
reporting aberrant glycosylation of immunoglobulin glycoreceptors in IgA nephropathy are more numerous
and recently published.

Kidneys of dogs with immune-complex mediated glomerulonephritis were studied by lectin
histochemistry methods using WGA, RCA-I, Con A, PNA, SBA, DBA, and UEA-I. Their lectin-binding
patterns were compared with those from normal dogs. RCA-I binding to brush borders of the proximal
tubules decreased, whereas DBA binding became positive in previously negative Bowman's capsules. Also,
varying intensity of the UEA-I dynding was noted in the distal tubules, especially their macula densa
segments. A conclusion was made that binding pattern profiles varied among the cases apparently due to
the diverse canine renal pathologies being under investigation [23].

IgA nephropathy, the most common primary glomerular disease worldwide, is characterized by
mesangial deposition of IgAl-containing immune complexes. Mesangial cells exposed to these IgA
immune complexes proliferate and adopt pro-inflammatory phenotype: they secrete cytokines,
chemokines, growth factors and extracellular matrix components promoting glomerular inflammation and
glomerulosclerosis.

For the prediction of renal prognosis in IgA nephropathy Kawakita et al. [14] recommend to use
as biomarkers ECA (specific to Galf1-4GIlcNAc) and NPA (specific to Manal-6Man) lectin arrays for
urinary glycan profiling, since IgA1 molecules are characterized by galactose deficiency, while ECA and
NPA recognize intermediate glycans during subsequent steps of glycosylation.

Renal neoplasia. First attempts to track the origin of renal neoplastic lesions by means of nephron
segments-specific lectins were made by Holthofer et al. [11]. For this goal were used LTA, SBA, DBA and
UEA-I lectins, supplemented with tissue-specific antibodies against intermediate filaments of cytokeratin,
desmin and vimentin, as well as against proximal tubular brush border and distal tubular Tamm-Horsfall
glycoprotein antigens. 80% of the renal carcinomas expressed brush border antigens, whereas Tamm-
Horsfall glycoprotein could not be found. 93% of the carcinomas tumor cells showed reactivity with
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antikeratin antibodies. Vimentin, the cytoskeletal protein of mesenchymal cells, was present in the
carcinoma cells of 53% of the tumors, although it was absent in normal tubular epithelium.

Binding sites for LTA and SBA, normally present in the cells of proximal tubules, were lacking or
only faintly detectable in the neoplastic cells. DBA, normally present in collecting ducts, was not detected in
tumors. The results show that most renal carcinomas express cytokeratin antigens as a sign of their epithelial
origin and also show characters of proximal tubular cells. On the other hand, the results indicate that lectin-
binding sites typical for normal differentiated tubular cells are profoundly modified in renal carcinomas.
UEA-I did not bind to the malignant cells but selectively decorated the endothelial cells of tumors.

However, modern trends in lectin histochemistry research are directed towards the discovery and
characterization of endogenous lectins of human and animal origin, as well as to understanding their role
in homeostasis and immune system influences.

Animal and human lectins in kidney diseases. While previous segments of this review article were
describing different modes of lectins application as tools in biomedical research and practice, this last
segment will give a brief survey on fundamentals of animal and human lectins, being a biological
counterpart to carbohydrate moieties previously detected and studied with lectins as histochemical reagents
of predominantly plant origin.

Galectins (Gal-1...Gal-15) are family of 15 endogenous animal and human lectins with
carbohydrate specificity directed towards galactose residues of biopolymers. Galectins participate in many
fundamental life processes, such as the interaction (including adhesion) of cells with each other and with
the extracellular matrix, migration, growth, proliferation, differentiation, immune responses, autophagy,
inflammation. They are also linked to diseases such as fibrosis, cancer and heart disease [13].

Furthermore, it was observed an increase of nuclear translocation of lectin in tumor samples. In the
review article of Desmedt et al. [7], special attention is paid to the pivotal role of Gal-3 in the onset and
development of diabetic and non-diabetic nephropathies, interstitial fibrosis and progression of chronic
kidney disease; the therapeutic potential of anti-galectin-3 inhibitors is under discussion.

Recently, Ficolins and Collectins supplemented the MBL lectin pathway. The binding of these
initiators (MBL/Ficolins/Collectins) to molecular patterns (glycoepitopes) triggers complement activation
scenario [4, 10].

Under experimental conditions, after ischemia/reperfusion kidney injury, MBL was found to
induce tubular cell death independent of the complement system. In addition, after binding to vascular
endothelial cells, MBL and its associated serine proteases were able to trigger a proinflammatory reaction
and contribute to endothelial dysfunction [17].

In the cohort study of 382 kidney recipients was documented correlation between low level of
MBL inhibitor at the time of transplantation and increased overall mortality in kidney recipients, these
observations apparently encompass negative impact of elevated MBL level on the physiological
compensatory mechanisms [21].

Lectin complement protein Collectin 11 (CL-K1), a member of the vertebrate C-type lectin
superfamily, has recently been identified as pattern recognition molecule in the lectin complement pathway.
It protects the urinary tract from schistosomiasis, a helminthic disease common in sub-Saharan Africa.
Schistosome integuments are fucosylated and CL-K1 has, through its collagen-like domain, a high binding
affinity to fucose [4]. Another C-type lectin called Mincle (Macrophage-Inducible C-type Lectin) mediates
cell death-triggered inflammation in acute kidney injury [22].

Currently is generally accepted that blocking/inhibiting the lectin activation pathway of
complement facilitates the progression of glomerular and tubulointerstitial diseases, while its effects on
urinary tract infections are quite opposite [1, 4, 9, 10]. The data obtained on the redistribution of animal
lectins during pre- and postnatal morphogenesis, as well as in renal histopathology indicate that they are
sensitive acceptors of end products of biopolymers glycosylation.

Condlasions oo <

1. Lectins are sensitive histochemical tools for selective binding to renal glycoepitopes under
physiological conditions and provide valuable information of their rearrangement in different forms of
renal histopathology.

2. In human kidney lectins exposed specific labeling: LTA and SBA — of proximal tubule cells;
DBA - of collecting duct cells; UEA-I — endothelial cells of kidney interstitium.

3. In the rat kidney lectin labels were as follows: WGA —renal corpuscles, brush border of proximal
tubules, luminal surface of collecting ducts; HPA and DBA — intercalated cells of collecting ducts; LTA —
of proximal tubule cells.
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4. New original lectins purified from fungi — CNFA, MPFA, LPFA - should be recommended for
future application in carbohydrate histochemistry: i. e. MPFA and LPFA — as markers of rat kidney
filtration membrane; CNFA — as renal corpuscles and brush border of proximal tubules marker.

5. Since there exist certain signs of pathology-induced aberrant/incomplete glycosylation patterns
of glycoconjugates, tracking the origin of pathological lesions based on the identification of normal cell
glycoepitopes are of limited value.

6. However using composite panels of selective lectin- and immune-histochemical labels of
different renal cell subpopulations, supplemented with morphometric database will enrich the existing
knowledge in diagnostic histopathology.

7. Modern trends in basic and applied lectinology directed towards functional glycomics —
understanding the role of endogenous animal/human lectins interaction with specific carbohydrates
receptor sites in health and disease.
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