ALCAM A Novel Biomarker In Patients With Type 2 Diabetes Mellitus Complicated With Diabetic Nephropathy.
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Abstract: 
Background&Aim: Activated leukocyte cell adhesion molecule (ALCAM/CD166) functions analogue to the receptor of advanced glycation endproducts, which has been implicated in the development of diabetic nephropathy (DN). We investigated the expression of ALCAM and its ligand S100B in patients with DN.
Methods: A total of 34 non-diabetic patients, 29 patients with type 2 diabetes and normal albuminuria and 107 patients with type 2 diabetes complicated with DN were assessed for serum concentration of soluble ALCAM (sALCAM) by ELISA. Expression of ALCAM and S100B in kidney histology from patients with DN was determined by immunohistochemistry. Cell expression of ALCAM and S100B was analyzed through confocal immunofluorescence microscopy.

Results: Serum concentration of sALCAM was increased in diabetic patients with DN compared to non-diabetic (59.85±14.99 ng/ml vs. 126.88±66.45 ng/ml, P<0.0001). Moreover sALCAM correlated positively with HbA1c (R=0.31, P<0.0001), as well as with the stages of chronic kidney disease and negatively correlated with eGFR (R=-0.20, P<0.05). In diabetic patients with normal albuminuria sALCAM was increased compared to patients with DN (126.88±66.45 ng/ml vs. 197.50±37.17 ng/ml, P<0.0001).  In diabetic patients, ALCAM expression was significantly upregulated in both the glomeruli and tubules (P<0.001). ALCAM expression in the glomeruli correlated with presence of sclerosis (R=0.25, P<0.001) and localized mainly in the podocytes supporting the hypothesis that membrane bound ALCAM drives diabetic nephropathy and thus explaining sALCAM decrease in diabetic patients with DN.  The expression of S100B was increased significantly in the glomeruli of diabetic patients (P<0.001), but not in the tubules. S100B was as well localized in the podocytes.
Conclusions:  This study identifies for the first time ALCAM as a potential mediator in the late complications of diabetes in the kidney.
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1. Introduction

Diabetic nephropathy (DN) is a serious microvascular complication of diabetes; however, the underlying mechanisms of the disease have only partially been understood 1()
. Several studies have shown that not only intensive monitoring of blood glucose in type 2 diabetic patients but also controlling non-glycemic factors significantly determines the severity and progression of DN 
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. It has also been shown that the interaction between circulating immune cells and the resident renal tissue can have significant effects on the anti-inflammatory and/or anti-coagulant systems in DN 5()
. 
Activated leukocyte cell adhesion molecule (ALCAM/CD166) is a member of the immunoglobulin superfamily and was identified on activated leukocytes, hematopoietic stem cells and myeloid progenitors were it mediates both heterophilic and homophilic cell-cell interactions 
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. Recently, it has been demonstrated in a model of delayed type hypersensitivity that ALCAM can also function as a pattern recognition receptor (PPR) that binds the danger-associated molecular pattern (DAMP) molecule, S100B by activation of NF-B p50/p65 10()
. It was shown that ALCAM is a close homologue of the receptor for AGEs (RAGE) and each receptor can functionally substitute each other in response to S100B 10()
.
Within the context of DN, expression of RAGE was found to be upregulated on podocytes of patients with DN 11()
. It has also been shown that in diabetic RAGE transgenic mice renal enlargement, glomerular hypertrophy, mesangial expansion and albuminuria, were significantly increased whereas RAGE-/- were largely protected 12()
. Regarding ALCAM, in vitro studies have shown that its soluble form (sALCAM) is involved in ALCAM-dependent and –independent immune responses upon inflammatory stimulation and that endothelial expression of ALCAM is induced by hypercholesterolemia.  13(, 14)
. This would suggest sALCAM as a potential biomarker in low inflammation-associated disorders such as hypercholesterolemia, diabetes or obesity.

In this study the potential role of ALCAM and its major ligand S100B in DN was investigated in patients with type 2 diabetes suffering from DN.
2. Methods

2.1 Patient Characteristics 

Patients with type 2 diabetes (N=107) suffering from DN were randomly recruited from a larger prospective randomized controlled study (The Heidelberger Diabetes and Stress Study-HEIDIS) at the diabetes outpatient clinic of the University Hospital Heidelberg as previously described 
 ADDIN EN.CITE 
(15, 16)
. Main inclusion criteria were type 2 diabetes with at least 3-year diabetes duration and documented albuminuria in at least 2 separate urine samples (albumin-excretion > 30mg/24h or > 20mg/l). Albumin excretion was adjusted to urinary creatinin excretion (mg/mol). Patients with urinary albumin excretion <30mg/24h were classified as normoalbuminuric. Exclusion criteria included preexisting non-diabetic kidney disease. Detailed inclusion- and exclusion criteria has been previously described 16()
.  Non-diabetic control patients (N=34) were recruited at the diabetes outpatients clinic of the University Hospital Heidelberg, did not smoke and had either minor osteoporosis or well-controlled thyroid function (e.g. after thyroidectomy). Control patients were stable under vitamin D and calcium, or thyroid hormone substitution. A group of 29 patients with type 2 diabetes and normal kidney function (albumin-excretion < 30mg/24h or < 20mg/l) were selected and matched to age, gender, diabetes duration and HbA1c with the group of diabetic patients suffering from   DN. All patients recruited were Caucasians. Written informed consent was given by participants for their clinical records and blood samples to be used specifically in this study. This full study and the use of archival material from patients were specifically approved from the ethic committees of the University of Heidelberg (Ethic-Committee-No. 204/2004, S400/2010 and S515/2012) in compliance with national guidelines and the declaration of Helsinki.
2.2 Clinical Chemistry


In all patients, 24-h urine samples from 3 consecutive days were collected for measurement of albumin and creatinine excretion. The urinary albumin-creatinine-ratio (ACR) expressed as mg/g*urine-creatinine was taken for statistical analysis.  Blood samples were taken in fasting state on the respective visit and were immediately analysed. Samples were frozen and stored at -80°C for further analysis. Laboratory parameters were measured in the Clinical Laboratory of the University Hospital Heidelberg using standardized and certified methods. Estimated glomerular-filtration-rate (eGFR) was calculated using the CKD-EPI-formula 17()
. Full patient characteristics are given in Table 1.
2.3 Measurement of Soluble ALCAM (sALCAM)


The concentration of sALCAM was determined in the serum of type 2 diabetic and non-diabetic control patients by ELISA (R&D Systems) according to the manufacturer’s protocol with a sample dilution of 1:800 in triplicate.
2.4 Immunohistochemistry and Immunofluorescence of Human Kidney

Human kidney samples were obtained through renal biopsies for histological examination from 6 non-diabetic patients and 28 type 2 diabetic patients with DN at the Division of Cellular and Molecular Pathology, German Cancer Research Center Heidelberg (DKFZ) and patients characteristics have been previously described 18()
.  Written informed consent was given by donors for the use of their kidney sample to be used specifically in this study. This full study and the use of archival material from patients were specifically approved from the ethic committee of the University of Heidelberg (Ethic-Committee-No. 254/199) in compliance with national guidelines and the declaration of Helsinki. Sections of kidney were cut at 4µm, microwave treated (20 mins, citrate buffer) and processed for immunohistology or double immunofluorescence as described previously 19()
. Primary antibodies were mouse monoclonal anti-human ALCAM antibody (Novocastra, U.K.), polyclonal rabbit anti-S100B antibody (Dako, Hamburg, FRG), goat anti-Synaptopodin antibody (Dako, Hamburg, FRG) and mouse anti-GLEPP antibody (BioGenex, U.S.A.). Staining intensities for ALCAM and S100B were evaluated by immunohistochemistry in a semi-quantitative score as: 0, staining without primary antibody; 1, weak staining intensity; 2, moderate staining intensity; 3, strong staining intensity; 4, very strong staining intensity. A score was calculated as the mean of intensities in a biopsy. Evaluation was conducted blind by two independent investigators. Immunohistochemistry and immunofluorescence images were captured with an Olympus Bx43-Microscope (Olympus, Hamburg, Germany). Confocal images were obtained at 40x magnification using Zeiss LSM 4 Pascal microscope (Carl Zeiss, Jena, Germany). 
2.5 Statistical analysis

SPSS version 20.0 (IBM SPSS, Inc. Armonk, NY) and GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego California USA) were used to analyze the experimental data. Where indicated, values of experimental groups are given as means, with bars showing the SD/SE. The means of groups were compared by using a Student’s t test (for normal distributed variables), Mann-Whitney test (for non-normal distributed variables). For the patient’s data Spearmen’s correlation coefficients (R) were calculated where appropriate and corrected for age, sex, disease duration and eGFR by multiple linear regression analysis. Statistical analysis for immunohistochemistry analysis was performed using the χ²-test (for categorical variables). Shapiro-Wilk test was used for testing Gaussian distribution. Values of P< 0.05 were considered significant.
3. Results


A total of 34 non-diabetic control patients, 29 patients with type 2 diabetes and normal albuminuria and 107 type 2 diabetes patients with DN were randomly recruited for the aim of this study. The groups were aged-matched. The diabetic groups consisted of more male participants (13/34 vs. 85/107 vs. 18/29). The group of diabetic patients with normal albuminuria was matched to age, gender, diabetes duration and HbA1c with the group of diabetic patients with DN. The mean duration of diabetes was 11.7±7.6 years in the group with DN and 11.4±7.7 years in the group with normal albuminuria. The mean body-mass-index (BMI) changed significantly between the control group and each of the diabetic group, with 25.4±3.0 kg/m² in the control patients and as expected 32.4±5.1 kg/m² in the diabetic patients with DN (P<0.001) and 34.8±14.6 kg/m² in the diabetic patients with normal albuminuria (P<0.001). The mean HbA1 was 7.3±1.2 % (56 mmol/mol) in the diabetic group with DN and 7.4±1.4 % (57mmol/mol) in the diabetic group with normal albuminuria whereas for the control group was 5.7±0.5 % (39 mmol/mol). The diabetic patients with DN had already late complications in the eye (N= 61) and peripheral nerves (N=24) and 28% of them had previous episodes of cardiovascular disease (CVD) whereas 6 of the diabetic patients with normal albuminuria had late complications in the eye, 20 had complications in peripheral nerves and 14% of them had previous episodes of CVD (Table 1).
Compared to control patients, patients with type 2 diabetes had higher sALCAM serum concentration (59.85±14.99 ng/ml vs. 126.88±66.45 ng/ml, P<0.001; Fig. 1A). However within the cohort of patients with diabetes, sALCAM concentration was higher in patients with normal albuminuria when compared to patients with DN (126.88±66.45 ng/ml vs. 197.50±37.17 ng/ml, P<0.001; Fig. 1A). Moreover sALCAM concentration correlated positively with the level of HbA1c in all patients (R=0.31, P<0.001; Fig. 1B), as well as with the CKD stages (P<0.01; Fig. 1C) and negatively correlated with eGFR in the diabetic patients (R=-0.2, P<0.05; Fig. 1D). Since ALCAM can be shed, these data could suggest that reduced shedding of sALCAM triggers ALCAM mediated proinflammatory signaling in diabetes. This supports the hypothesis that lack of shedding is part of the reaction contributing to the development of nephropathy. Therefore elevated sALCAM levels are not explained by reduced glomerular-filtration and reduced eGFR.

Analysis of kidney histology showed that ALCAM expression was increased in the glomeruli of diabetic patients when compared to control patients (P<0.001) and was accentuated in the glomeruli with segmental sclerosis and correlated with the presence of sclerosis (R=0.25, P<0.001; Fig. 2A). This again is consistent with the higher sALCAM concentration in patients with normal albuminuria. Confocal immunofluorescence showed that ALCAM colocalized predominantly with the podocyte marker Synaptopodin, whereas no colocalization was observed with the endothelial cell marker CD34. The colocalization of ALCAM with Synaptopodin was stronger in the glomeruli of diabetic patients (Figure 2.B). In diabetic patients, the intensity expression of ALCAM was significantly up-regulated, not only in the glomeruli, but also in the proximal and distal tubules (P<0.001; Fig. 2C).


S100B, a known ligand of ALCAM, was also found to be expressed in the glomeruli, colocalized with podocyte marker, and was significantly up-regulated in the glomeruli of diabetic patients as compared to non-diabetic patients (P<0.001; Figs. 3A and 3B). However, a significant decrease of S100B was observed in the tubules (P<0.05; Fig. 3C).
4. Discussion

In this study it was shown that type 2 diabetic patients had elevated levels of circulating sALCAM, which was associated with CKD stage and negatively correlated with eGFR. All groups were aged matched. The diabetic groups consisted of more male participants, which is in line with increased male/female ratio within late-onset diabetes 20(, 21)
. However no influence of gender in sALCAM levels was observed (Data not shown).
The levels of sALCAM measured in the control group were comparable with the levels of sALCAM in healthy subjects measured in previous studies 
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 whereas the levels of sALCAM measured in the diabetic patients were significantly higher than the values of healthy subjects and comparable to the values of sALCAM measured in obese patients with insulin resistance as recently shown from our group 24()
. Comparing serum levels of sALCAM in patients with DN and patients with normal albuminuria, it was shown that patients with normal albuminuria had significantly higher sALCAM levels. Therefore the hypothesis was generated that ALCAM is induced in type 2 diabetes and when shedding of ALCAM is impaired, membrane associated ALCAM might drive diabetic nephropathy. However the data from this study are not sufficient to support this hypothesis and future studies are needed to investigate this hypothesis in vitro and in experimental models of diabetes. Although there might be an overlap of sALCAM increased levels in the patients with diabetes mellitus in general, it is the significant decrease of sALCAM levels in the diabetic patients with DN when compared to patients with normal albuminuria that hints to ALCAM-dependent unknown mechanisms involved in the pathogenesis of DN independent of diabetes.
 sALCAM represents the proteolytic cleavage of the ectodomain of the full receptor by “A Disintegrin and Metalloproteinase Domain 17/Tumor Necrosis Factor α Converting Enzyme” (ADAM17/TACE) 22()
. It remains speculation that in diabetes ADAM17 activity is reduced and that shedding of ALCAM is impaired, triggering ALCAM-ligand mediated proinflammatory cell activation. The function of sALCAM has been previously studied by means of recombinant isoforms and ALCAM-IgG-Fc chimeras, which were able to inhibit cell-cell adhesion and to promote and/or inhibit cell migration and has been proposed as a biomarker in several cancers 23(, 25)
. Within the context of DN, the potential role of sALCAM remains unclear. Increased shedding of the receptor in the patients with normal albuminuria could be an indication of a protective mechanism where sALCAM can act as a decoy receptor binding proinflammatory ALCAM ligands and thus preventing ligand-binding to membrane associated ALCAM or other receptors such as RAGE 10()
. However scavenging seems unlikely since measured levels of sALCAM in this study are significantly lower than the amount of ligand required in vitro for ALCAM activation, as it is shown in previous work in our group with respect to S100B-ALCAM interaction 10()
.  Therefore a decoy function of sALCAM is not likely to be of clinical relevance.
In the group of patients with diabetic nephropathy and normal albuminuria, there were two patients that had an eGFR level <60 ml/min*1.73m². According to the KDIGO classification these patients have an increased risk for progression of CKD, for developing acute kidney failure or end stage renal disease 26()
. It is widely accepted now that the definition of CKD is multidimensional and that albuminuria and eGFR have complementary roles in the stratification of CKD. However future studies should address the unknown ALCAM-dependent mechanisms in driving renal damage or albuminuria in diabetes.  Future studies in bigger cohorts should also aim to identify and study possible outliers. According to the ROUT method (GraphPad Software) these two values were not identified as outliers and therefore were included in the analysis.

In the human kidney, it was shown that ALCAM is mainly expressed within the podocytes, and that with the presence of diabetic nephropathy, expression was increased not only in the glomeruli but also within the proximal and distal tubules. The mechanisms behind the induced expression of ALCAM under diabetic condition need to be further investigated. Deregulation of ALCAM expression is implicated in tumorigenesis and has been associated with tumor cell migration by loss of adhesion of tethered cells in the primary tumor 27()
. ALCAM promoter is shown to be activated in vitro tissue-independent from the transcription factor specificity protein-1 (Sp1) 28()
. Sp1 is a ubiquitous transcription factor important not only in maintaining basal transcription of “house-keeping” genes but also in mediating “cross-talk” between selected signaling cascades such as gene expression regulated by insulin 29()
. With respect to diabetes the potential role of Sp1 as an effector of impaired insulin signaling in ALCAM expression needs to be further investigated. 
S100B, a known ligand of ALCAM, is most abundant in neuronal tissue, specifically the brain, where it localizes to astrocytes 30()
. It can be found both intra- and extracellularly, and has been shown in vitro to be involved in the regulation of energy metabolism, transcription, protein phosphorylation, cell proliferation, survival, differentiation and motility, and calcium homeostasis via its interaction with a wide array of proteins, depending upon the cultured cells studied 31(, 32)
. Elevated serum levels of S100B have been reported in studies of traumatic brain injury, stroke, schizophrenia, systemic lupus erythematosus, and migraines 
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. However, in a recent study be Celikbilek, et al., it was shown that type 2 diabetic patients had significantly lower levels of circulating S100B, suggesting that the source of S100B within the kidney is not extracellular 38()
. In this study was shown that both ALCAM and S100B colocalize with a marker of podocytes. ALCAM colocalized with Synaptopodin, which is an actin-associated protein in the podocyte root 39()
 whereas S100B colocalized with GLEPP-1, a tyrosine phosphatase receptor at the apical cell surface of the podocyte root 40()
. These data suggest a different spatial localization of ALCAM and S100B in the podocyte root. However the data from this study are not sufficient and further studies are required to investigate the cellular source of S100B in the kidney and whether a “cross-talk” exists between GLEPP1-S100B interaction and synaptopodin- mediated binding of cell surface receptors (ALCAM) to the actin cytoskeleton.
As a conclusion, this study identifies for the first time the membrane-bound receptor ALCAM as a potential mediator in the renal complications of diabetes. In addition to its increase in diabetes in general, there is a decrease (still above the healthy controls) of its soluble form in patients suffering from albuminuria and reduced eGFR. Since these two parameters determine serum levels, sALCAM cannot be used as a marker to identify patients with albuminuria, but rather as a marker pointing to a pathogenic mechanism of nephropathy. 
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8. Figure Legends
Fig. 1. Serum concentration of sALCAM in non-diabetic and diabetic patients. 
(A) sALCAM was increased in serum of patients with type 2 diabetes and DN (n=107) in comparison to non-diabetic (control) patients (n=34) and decreased when compared to patients with type 2 diabetes and normal albuminuria (n=29). (B) sALCAM correlated positively to the HbA1c level of all patients, (C) as well as to stages of CKD of diabetic patients with DN and (D) negatively correlated with eGFR in the diabetic patients. (A and C) Data are shown as box-and-whiskers- plot and non-outlier observations are presented. Pearson’s correlation coefficient (R) was used for correlation analysis. Student’s t test was used for comparison between groups. DN= diabetic nephropathy. ***P<0.001, **P<0.01, *P<0.05.
Fig. 2. ALCAM expression in human kidney histology. 
(A) ALCAM was expressed more in the glomeruli of diabetic patients (n=28) in comparison to non-diabetic patients (n=6) and correlated positively to glomerulosclerotic lesions. (B) Representative merged confocal immunofluorescence images showing on the left panel that ALCAM (red) does not colocalize with endothelial cell marker, CD34 (green); on the right panel ALCAM (green) was found to predominantly colocalize (orange) with the podocyte marker, synaptopodin (red) in the glomeruli of diabetic patients, scale bar=20µm. (C) ALCAM is up-regulated in the proximal and distal tubules of diabetic patients. (A and C) Representative images of ALCAM stained glomeruli and tubules are shown. Data represent mean value ± SEM. Chi-test was used for statistical significance. ***P<0.001. 
Fig. 3. S100B expression in human kidney. 
(A) S100B was expressed more in the glomeruli of diabetic patients (n=28) in comparison to non-diabetic patients (n=6). (B) Representative merged confocal immunofluorescence images show that S100B (green) was expressed more in the glomeruli and colocalized (orange) with the podocyte marker, GLEEP-1 (red) in the non-diabetic patients whereas loss of podocytes is already observed in the diabetic patients, scale bar=20µm. (C) S100B was less expressed in the tubules of diabetic patients. (A and C) Representative images of S100B stained glomeruli and tubules are presented. Data represent mean value ± SEM. Chi-test was used for statistical significance ***P<0.001; *P<0.05.
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