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Introduction
Protein microarray technology was used recently for target-

oriented screening of chemically synthesized compound libraries 
or isolated natural compounds on Heat-Shock Proteins (Hsp), since 
Hsps together with the accompanied stress proteome are relevant 
targets in cancer and pathogenic organism [1-9]. An extended 
application of this method showed recently that the microarray 
technology enables also studies of protein-protein interaction to 
enable a broader application range [4,7]. The basic prerequisite 
for the formation of multicellular organisms is the ability of a 
single cell to communicate with neighboring cells. Molecules 
responsible for this intercellular communication are adhesion 
molecules like IgCAMs or gap junctions. The adhesion molecules 
represent a member of the immunoglobulin superfamily of Cell 
Adhesion Molecules (Ig-CAM). The protein has an extracellular 
domain, a transmembrane domain, as well as a highly conserved 
cytoplasmic tail.

L1CAM as a biomarker 
L1CAM is a transmembrane cell adhesion molecule belonging 

to the immunoglobulin superfamily. It has an extracellular six 
immunoglobulin domains, a transmembrane domain with five 
type III repeats and cytoplasmic tail [10]. Through its extracellular 
portion, L1CAM can interact with other L1CAM molecules or 
other cell adhesion molecules, as well as other different partners, 
including integrins, proteoglycan, neurocan and CD24 [11]. The 
expression of L1CAM not only locates in the nervous system, but 
also indeed in some specialized epithelia such as intestinal crypts,  

 
basal and intermediate layers of epidermis and in the epithelia 
cells of renal and ovarian[12-14].Intensive studies suggest L1CAM 
is a part of and mediates cellular different signaling pathways and 
overexpression in various human cancer cells. In the past reports, 
it has shown that L1CAM expression correlates to poor prognosis, 
tumor progression and metastasis. For instance, the study of Akts.
presented L1CAM is a useful prognostic biomarker and associated 
with therapeutic effect in primary ovarian cancer. Another study 
reported the expression of L1CAM is a good prognostic marker of 
oncogenesis and progression of breast cancer.

Numerous studies exploring the relationship between L1CAM 
and various carcinoma in vitro and vivo are reported in last three 
decades. In addition, overexpression of L1CAM was observed in 
premalignant lesions and inflammation tissues in some reports, 
that may implicate L1CAM is an early biomarker in the infantile 
stage of cancer even in the oncogenesis microenvironment 
before tumor initiation. In a word, L1CAM is associated with 
development and progression of many types of cancer and is a 
helpful and promising indicator for diagnosis and treatment of 
cancer. The understanding of the molecular adhesion process 
between two cells and corresponding signaling has major impact 
for medicinal biotechnological application in implant technology, 
cancer and biofilm research. The neuronal adhesion molecule 
L1CAM is involved in the development of the nervous system and 
affects many neuronal processes, such as the growth of axons, 
neuronal migration and synaptic plasticity[15-17]. 
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The analysis of protein-protein interaction can give insights 
into the molecular adhesion process with the aim to identify 
factors influencing the adhesion process of implantation, cancer 
or biofilm.Since the Hsp network influence a relevant step in the 
protein maturation protein-protein interaction was analyzed 
between components of the heat shock network (e.g. Hsp90, Hsp70, 
PP5, Hsf1) and adhesion protein (L1CAM) or with the adhesion 
protein itself to visualize weak transient as well strong interaction 
on the protein microarray. This can help to initiate screenings to 
study molecular interacting components. The previous elaborate 
work of other scientists and physician have provided us some 
useful molecular marker for the diagnosis and therapy of cancer, 
but the dedicate interaction mechanism of these molecules with 
other proteins are still ambiguous and a facilitated tool in clinic is 
required for the easy diagnosis of cancer. Herein, the interactions 
between promising tumor marker were demonstrated based 
on microarray and explore the possible secrets of biochemical 
properties of these markers and the possibility of our microarray 
as a diagnostic tool.

Protein microarray technology a tool to study protein-
protein interaction

Human proteins of the Hsp90 network and L1CAM have been 
recombinantly synthesized in E. coli and purified by IMAC. The 
plasmids containing the target genes of interest were transformed 
into competent E.coli cells BL21 (DE3). The plasmid of pET15.1 
for human Hsp90a [3] and pETSUMO was utilized for Hsp70 

[7],Hsf1and L1CAM (commercial) while the plasmids pEXP5-CT 
containing human TP53(commercial) or human PP5, respectively. 
Afterwards, E. coli cells were cultivated and expressed the protein. 
When the cell growth reached the proper OD value (optical 
density), cell harvest and lysis were performed. The proteins were 
purified via IMAC and SEC purification and stored at -80℃.All of 
the proteins were detected on SDS page to check the molecular 
weight. The proteins were labeled by the dye Cy5 and diluted into 
required concentration before experiment practice[18,19]. 

Testing protein-protein interaction on microarrays
The interaction and binding properties of different proteins 

or markers were explored based on microarrays approach. First, 
the proteins and markers were spotted and immobilized on 
microarrays in a comparable protein concentration (Figure 1, 
Left). For this purpose, the proteins Hsp90, Hsp70, Hsf1, TP53, 
PP5, and L1CAM were adjusted to a concentration of 3 mg/ml. 
Subsequently, the microarrays were blocked by the buffer with 1% 
BSA to prevent non-specific binding. After three times washing, 
the microarrays were fixed in a frame and different partners were 
pipetted into the chamber as the experiment arrangement. Scan 
and data evaluation proceeded as describedbefore. (Figure 1)
(Right) shows dose-responsive binding of Cy5 labeled proteins 
on spotted L1CAM. Interestingly, Cy5 labeled Hsp70 binds with 
higher affinity than Cy5 labeled L1CAM and minor activity was 
found for Hsp90, whereas a weaker affinity was found for PP5 and 
weak or no affinity for Hsf1.

Figure 1: Ahesiomics protein microarray experiment. (Left) Experimental design of protein microarray application. (Right) Binding of Cy5-
labeled purified proteins on purified and spotted L1CAM. 

Discussion and Conclusion
Our data reveal that L1CAM is an interesting target to study 

different metabolic pathways which can interact with L1CAM. We 
can show that L1CAM is a candidate for Hsp70 interaction and 
unknown yet is whether L1CAM plays also a role under cellular 
stresses like cancer. Several cancer types have elevated Hsp90 
and Hsp70 protein levels and act as marker and target for several 

drugs. It could be that the folding process of L1CAM requires 
Hsp70 and to hinder protein aggregation due to hydrophobic 
parts of the protein. This is the first time to our knowledge that 
the adhesion has been measured on a protein microarray and may 
be later a tool relevant tool to unravel whether a combinatorial 
adhesion code in cells exist. Furthermore, it will allow in future 
compound screening on IgCAMs, interacting bacterial surface 
factors like CsgA (Curli) and other relevant interacting targets.
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