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Cell adhesion molecules (CAM) mediate cell to cell 
interactions in various body systems including the 
immune system. The four major families of CAMs include 
immunoglobulin (Ig) superfamily, cadherins, integrins, and 
selectins.  Most interestingly, several CAMs have emerged in 
recent years as leading biomarkers of lupus nephritis (LN), 
based on comprehensive proteomic screens of urine. These 
findings suggest that “sticky interactions” between various 
immune cells mediated by CAMS may play key pathogenic 
roles in this disease.

The activated leukocyte cell adhesion molecule (ALCAM) 
is a surface transmembrane glycoprotein from the 
immunoglobulin superfamily. The protein is expressed on 
antigen presenting cells (APCs) including macrophages, B 
cells, and more particularly on dendritic cells (DCs). ALCAM, 
also known as CD166, serves as a CD6 ligand, co-stimulating 
T cells and enabling immune cell adhesion through CD6 
binding or through ALCAM-ALCAM interactions. In a recent 
study, Ding et al. showed that urinary ALCAM may serve as a 
potential biomarker to differentiate active LN from inactive 
systemic lupus erythematosus (SLE), SLE without renal 
involvement, and healthy control subjects in a Chinese cohort 
[1]. Elevated urinary ALCAM levels in LN patients significantly 

correlated with clinical parameters - renal SLEDAI and SLICC 
- as well as other laboratory parameters such as 24hr urine, 
serum complement C3, and hemoglobin. Urinary ALCAM 
distinctly outperformed conventional LN markers including 
serum dsDNA, C3, C4, and proteinuria. Hence, urinary ALCAM 
may serve as a better diagnostic biomarker for predicting 
renal pathology as well as an alternative diagnostic marker for 
renal histology in LN. The findings of the study revealed that 
urinary ALCAM was expressed most significantly in active LN 
patients compared to the remaining three groups. In contrast 
to ALCAM, traditional biomarkers including anti-dsDNA and 
anti-C1q antibodies, hypocomplementaemia and albuminuria 
were unable to reliably differentiate between class III/IV and 
V lupus nephritis and accurately predict long-term renal 
function impairment [1]. 

This study [1] joins a number of articles establishing ALCAM 
as a novel biomarker of LN histopathology. Collectively, these 
studies reveal that ALCAM is a reliable urinary biomarker of LN in 
multiple ethnic groups, including African American, Hispanic, 
Caucasian, and Chinese [2]. Within these four cohorts, greater 
levels of ALCAM present in the urine of LN patients correlated 
with increased disease severity and renal involvement. 
These findings once again point to the potential pathogenic 
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relevance of ALCAM-CD6 interactions. The ALCAM-CD6 
pathway has been previously studied for its involvement in 
the pathogenesis of several autoimmune conditions including 
rheumatoid arthritis, psoriasis, multiple sclerosis, IBD, as well 
as specific cancers [3-7]. The abundance of clinical data and 
animal studies underscore the crucial contributions the 
ALCAM-CD6 receptor-ligand complex makes in autoimmune 
disease progression. Based on its known function, ALCAM is 
hypothesized to contribute to the pathogenesis of LN through 
its interaction with CD6 in a number of ways.

The pathogenic role of T cells in LN is well established by 
animal and clinical studies as prime regulators of kidney 
inflammation [8,9]. Found on the surface of T cells is CD6, a 
transmembrane glycoprotein. When CD6 associates with 
its ligand ALCAM, it co-stimulates T-cell activation and 
proliferation [10]. As a crucial mediator of T cell activation, 
ALCAM-CD6 complex localizes at the DC-T cell interface 
and may induce the differentiation of multiple T helper (Th) 
cells, including Th1, Th2, Th17 and CD8 T cell subsets [11-12]. 
This ability is evidenced by a study in which ALCAM-CD6 
interaction was blocked through anti-CD6 dosing, preventing 
normal differentiation of CD4 T cells [13]. Moreover, recent in 
vitro and in vivo studies blocked ALCAM-CD6 interaction in 
patients with active rheumatoid arthritis (RA) and psoriasis 
patients using an anti-CD6 monoclonal antibody [14,15]. 
Clinical benefits were reported in both studies: RA patients 
experienced reduced and alleviated adverse events and 
psoriasis patients noted substantial amelioration of epidermis 
hyperplasia [14,15]. 

CD4 and CD8 T cells are prominent renal-infiltrating 
immune cells that contribute to the pathogenesis of LN by 
promoting disease progression through the regulation and 
activation of B cells, myeloid cells and other intra-renal cells 
[16]. Greater numbers of CD4+ and CD8+ T cells have been 
documented within the kidneys of lupus-prone mice as 
well as the kidneys of patients with severe LN [14,15]. CD6 
expression on renal-infiltrating T cells juxtaposed to ALCAM 
expressing antigen presenting cells may allow for CD6-ALCAM 
interactions. CD6 and ALCAM bind and colocalize with TCR/
CD3 at the immunological synapse, effectively stimulating 
T-cell activation, differentiation and proliferation [17-19]. 
Unpublished data from our lab shows that specific immune 
cell types that are key regulators of lupus pathogenesis highly 
express CD6 and ALCAM in lupus mice models, demonstrating 
that CD6-ALCAM signaling could further induce renal CD4 
and CD8 T cell recruitment and activation, contributing to 
tissue inflammation. Together, these combined mechanisms 
sustain increased T cell activation and trafficking to maintain 
progressive renal injury, potentially driving the pathogenesis 
of LN.

 Beyond its role as an exceptional biomarker for LN, recent 
studies attribute a pathogenic role for ALCAM in LN. In a 
recently reported abstract, the ALCAM-CD6 pathway was 

pharmacologically blocked using anti-CD6 monoclonal 
antibodies, resulting in decreased levels of renal-infiltrating T 
cells and subsequent decrease in the severity of renal disease 
and LN in mice [20]. This was accompanied by significant 
improvement in the manifestations of lupus and LN, notably 
lymphadenopathy, skin lesions, and renal disease [20]. Hence, 
ALCAM is not only an established biomarker for LN but also 
a pathogenic driver. Currently underway are clinical and 
mechanistic studies exploring the precise manner in which 
ALCAM-CD6 pathway blockade leads to reduced kidney 
inflammation in LN. 

ALCAM represents one of many cell adhesion molecules 
(CAMs) found to be elevated in the urine of active LN patients. 
As exemplified by ALCAM, CAMs play an integral role in 
facilitating inflammatory processes primarily by allowing 
adhesion of leukocytes to the vascular endothelium as well 
as transendothelial migration at sites of inflammation [21]. 
The four major families of CAMs include immunoglobulin (Ig) 
superfamily, cadherins, integrins, and selectins. 

As stated above, ALCAM belongs to the immunoglobulin (Ig) 
superfamily. Urinary ALCAM is observed to be significantly 
increased in active LN, with a 14-fold change (FC) in LN 
compared to healthy control, (p=0.02) [2]. In addition to 
ALCAM, within the Ig superfamily is vascular CAM1 (VCAM-1), a 
prominent CAM ~ 8.9-fold higher compared to healthy control 
(p=0.0003) [2]. Other proteins within the Ig superfamily that are 
elevated compared to control include BCAM (FC=3.7, p=0.02), 
EpCAM (FC=35.7, p=0.02), NCAM-1 (FC=10.7, p=0.002), NCAM-
120 (FC=6.4, p ≤ 0.009), NrCAM (FC=2.5, p=0.01), OBCAM 
(FC=5.6, p=0.0003), PECAM-1 (FC=2.6, p=0.006), sICAM-1 
(FC=6.2, p=0.0003), sICAM-2 (FC=2.8, p=0.001), and sICAM-5 
(FC=2.8, p=0.001) [2,22], as listed in Table 1.

Cadherins are expressed by epithelial cells and immune cells 
such as Langherhan’s cells, CD4+ and CD8+ T cells, murine 
cutaneous vγ5+γ/δ T cells, erythrocytes and normoblasts 
[23-26]. Cadherins shows hemophilic binding interactions 
and participate in cell recognition, tissue morphogenesis and 
tumor suppression. On the cytoplasmic side, cadherins binds 
to catenins [27]. Cadherins elevated in LN include P-Cadherin 
(FC=3.7, p=0.0003), Cadherin-5 (FC=47.0, p=0.0003), 
Cadherin-2 (FC=4.2, p=0.002), Cadherin-12 (FC=2.4, p=0.009), 
and E-Cadherin (FC=28.2, p=0.004) [2,22], as listed in Table 1.

Integrins are expressed on various leukocytes and platelets 
[28]. GPIBa is a platelet surface glycoprotein composed of 
an alpha chain and a beta chain, that interacts with von 
Willebrand factor (VWF). This interaction facilitates platelet 
adhesion to the endothelium leading to enhanced platelet 
activation, thrombosis, and hemostasis. Integrin a1b1 
(VLA1) is expressed predominantly on T-cells, and interacts 
with multiple collagens and laminin, widely expressed in 
multiple tissues and organs (Table 1). Integrin alpha V beta 5 
is expressed on a wide variety of cell types including myeloid 
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cells, keratinocytes, fibroblasts, endothelial and epithelial cells, 
where they bind ligands containing an RGD motif, including 
vitronectin, fibronectin, as well as MMP-2 and osteopontin, 
many of which are themselves elevated in LN urine (Table 1) 
[2,22].

The selectin family of proteins, expressed by several bone-
marrow derived cells and endothelial cells [29-31], are also 
elevated in active LN urine compared to healthy control urine, 
including L-selectin (FC=5.8, p=0.0003), E-selectin (FC=13.2, 
p=0.0006), and P-selectin (FC=5.1, p=0.006) [2,22]. Leukocytes 
express L-selectins; endothelial cells express E-selectins; and 
platelets and endothelial cells express P-selectins. P-selectin 
glycoprotein ligand-1 (PSGL-1) is a major ligand for P-selectins. 
L-selectin ligands include GlyCAM-1, CD34, MadCAM-1, PSGL-
1 and heparan sulphate, while E-Selectin ligands include CD44, 
PSGL-1, LAMP1, LAMP2, Mac2-BP, as summarized in Table 1. In 
general, the ligands for the elevated selectins in LN do not 
themselves appear to be upregulated in LN urine (Table 1). 

Interestingly, the CAMs and their respective ligands 
that were elevated in LN urine exhibited a rich pattern 
of interconnectedness (based on interactions with each 
other) as plotted using Cytoscape (Figure 1). The Reactome 
pathways enriched among the upregulated proteins in lupus 
nephritis included “Cell surface interaction, extracellular 
matrix organization, adherens junctions interactions, cell-cell 
communication, cell junction organization, and hemostasis”. 
Given the documented importance of CAMs within the 
inflammatory milieu in various pathogenic processes, the 
elevated CAM proteins elevated in LN are of importance and 
interest not only as biomarkers for LN, but also as potential 
drivers of disease pathogenesis, thus warranting further 
mechanistic studies. Unraveling the intricacies of these sticky 
interactions in LN may shed light on additional regulatory 
mechanisms contributing to LN disease progression and 
insight into further therapeutic opportunities in this complex 
systemic autoimmune disease.

 

 

 

  

CAM Family Biomarker Protein Potential Ligands * Fold Change1 P value1

GP1BA VWF 4.5 0.0012
Integrins Integrin a1b1 Collagens I, IV, VI, XIII, XVI, laminin 12.6 0.0205

Integrin aVb5 vitronectin, fibronectin, MMP-2, OPN, laminin, VWF 6.5 0.0006
Cadherin-12 other cadherins 2.4 0.0093
Cadherin-2 CDH11, CTNNA1, CTNND1, B-catenin, LRRC7, PTPRM 4.2 0.0022
Cadherin-5 B-catenin, plakoglobin, PTPRB, CTNND1 47.0 0.0003
E-Cadherin B-catenin, 28.2 0.0040
P-Cadherin CDH1, B-catenin, nephrin, plakoglobin 3.7 0.0003
E-Selectin CD44, PSGL-1, LAMP1, LAMP2, Mac2-BP 13.2 0.0006
L-Selectin GlyCAM-1, CD34, MadCAM-1, PSGL-1 5.8 0.0003
P-Selectin PSGL-1 5.1 0.0059
ALCAM CD6 18.1 0.0205
BCAM Laminin 3.7 0.0205
EpCAM  CLDN7, ACTN1 35.7 0.0186
ICAM-1 CD11/CD18, fibrinogen 6.2 0.0003
ICAM-2 EZR, P9, CD11/CD18 8.1 0.0001
ICAM-5 PSEN1 2.8 0.0012
NCAM-1 NCAM-1 10.7 0.0016
NCAM-120 NCAM-1 6.4 0.0093
Nr-CAM Nrp-2 2.5 0.0140
OBCAM Opiod ligands 5.6 0.0003
PECAM-1 CD38, CD177, Integrin aVb3 2.6 0.0059
VCAM-1 VLA-4 25.2 0.0003

* Listed are potential ligands of elevated CAM biomraker proteins in LN. If the ligand is also elevated in LN urine, it is bolded.
1: Indicated are the fold-change (and p-value) increase of biomarker protein in LN urine, as reported (2, 22).

Cadherins

Selectins

Ig superfamily

Table1: Cell Adhesion Molecules (CAMs) and their ligands that are elevated in the urine in lupus nephritis (LN) patients
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Figure 1: Functional networks of Cell Adhesion Molecules (CAM) upregulated in LN urine. Shown are CAMs elevated in LN urine, 
together with their putative ligands, plotted as interconnected networks using the Cytoscape functional database (plotted at confidence = 
0.4). All CAM proteins (and ligands) that are upregulated in LN urine [2,22] are shaded red. Nodes represent proteins while lines represent 
documented interactions between inter-connected proteins. The Reactome pathways enriched among the upregulated proteins in lupus 
nephritis included “Cell surface interaction, extracellular matrix organization, adherens junctions interactions, cell-cell communication, cell 
junction organization, and hemostasis”.
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