
Abstract—The purpose of this study was to utilize the Protein 
Pathway Array (PPA) method, a multiplex immunoblot assay 
combined with computational analysis, to analyze the dysreg-
ulation of placental protein signals between normal and Ges-
tational Diabetes Mellitus cases (GDM). This aided in finding 
novel biomarker candidates for the early detection and treatment 
of GDM. Results showed that there was significant dysregula-
tion of 21 proteins involved in GDM placentas as compared to 
those in normal placentas, including 15 upregulated and 6 down-
regulated proteins. These 21 proteins can be used as diagnostic 
biomarkers for GDM earlier in gestation and as potential targets 
for intervention. 

I. INTRODUCTION
Gestational Diabetes Mellitus (GDM), characterized by hyper-

glycemia, occurs in 3-5% of pregnancies. This number is projected 
to rise by up to 20% due to increased obesity [1]. In order to im-
prove detection, a heightened understanding of the pathogenesis 
and biological features of GDM is critical.

The placenta is representative of the interactions between ma-
ternal and fetal bloodstreams and as a result, can serve as a valu-
able tool for studying micro-anatomical perturbations due to GDM 
[2]. Examining proteins involved in placental regulation is help-
ful as the mechanisms that trigger and sustain the disease need to 
be fully elucidated. By using PPA, hundreds of proteins in tissue 
samples can be analyzed for biomarkers whose dysregulation may 
play a role in GDM pathogenesis.

It was hypothesized that there will be significant dysregulation 
of the following proteins involved in GDM as compared to those in 
normal placentas: cell cycle regulators, angiogeneic growth factors, 
cytokines and other proteins involved in inflammatory processes, 
proteins required for cell formation, proteins involved in glucose 
conversion, oxygen moderators, transmembrane proteins, and pro-
teins involved in cell communication.

II . METHODOLOGY
PPA was performed using 40 protein specific or phosphoryla-

tion site-specific antibodies from macroscopically normal tissue of 
the maternal side of the placenta around the umbilical cord. This 
tissue is derived from the decidua basalis, a section of the endo-
metrium that develops into the placental maternal side. 108 trials 
were conducted for each protein. The signals of each protein were 
analyzed with densitometric scanning (Quantity One software 
package, Bio-Rad) [2].

Class comparison analysis was completed in Microsoft Excel by 
using an unpaired Student’s t test with p < 0.05 to identify proteins 
differentially expressed between GDM and normal cases. This was 
followed by use of the Significant Analysis of Microarray (SAM) 
tool, which aided in finding significant genes in a set of microarray 
experiments.

III . RESULTS
21 proteins showed significant differences between normal and 

GDM cases, including 15 upregulated proteins and 6 downregulat-
ed proteins. (Table 1)

The results demonstrated significant alterations in proteins 
involved in multiple signaling pathways. Notably, the upregula-
tion of cell cycle regulators CDK6 and cyclin B1 indicate reactions 
to counteract hematopoietic cell impairment. An upregulation of 
VEGF suggests an increase of angiogenesis, which causes the ple-
thoric anatomy common to the GDM placenta. Stress responses 
may be lower due to cPKCα and Hsp90 downregulation, proteins 
that increase in amount when tissue is damaged and when heat 
stress occurs, respectively. Other components affected include pro-

teins involved in glucose conversion, oxygen level regulation, im-
mune response, cell communication, and transmembrane proteins 
in GDM placental tissue. [1]

IV. DISCUSSION
Regulator subunits, including cyclin B1, controls CDK6, which 

in turn induces VEGF expression [1]. If cyclin B1 is manipulated, 
the other two proteins can be downregulated, leading to GDM pre-
vention. One possible protein that can target cyclin B1 is genestein, 
an enzyme inhibitor involved in gene replication that can cause 
anticancer proliferation effects through G2/M arrest in cell cycle 
progression [3]. 

In addition, another study found that although the use of rapa-
mycin subunits dramatically decreased cPKCα expression, Hsp 
proteins, including Hsp90, were stabilized, allowing for greater 
responses to stress [4]. As a result, the use of rapamycin may also 
serve as another prevention method.

The dysregulated proteins in this study may serve as diagnos-
tic biomarkers and therapeutic targets. Altered signaling pathways 
may be responsible for clinical presentation of GDM and fetal 
growth hindrance as the expression levels of some of the proteins 
are strongly correlated with clinical symptoms.

Practically, SB-FI-95 may not be effective enough to serve as 
an FABP5 inhibitor in its current form; however, further in vitro 
testing should be performed to verify its activity against FABP7, 
another therapeutic target. The data supports the conclusion that 
a greater focus should be placed on mono-amide α-truxillic acid 
derivatives, especially those containing a fused ring moiety, due 
to these specific compounds’ demonstrated affinity for FABP5 in 
silico and in vitro. The continued use of computational methods 
for lead optimization can help narrow the search for more potent, 
yet selective, FABP inhibitors and thereby a new class of next-gen-
eration analgesic agents. 
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