https://doi.org/10.46389/rjd-2025-1955
www.rjdnmd.org

Rom J Diabetes Nutr Metab Dis
2025; volume 32, issue 3, pages 330-338 %,

kY
1957

Original Article

Evaluation of the role of plasma glycated CD59
and FRMD3 variants as predictors of diabetic nephropathy

Bhagatsingh Chinta', Sunethri PadmaZ, Ranga Rao Ambati'*

! Department of Biotechnology, School of Biotechnology and Pharmaceutical Sciences, Vignan’s Foundation
for Science, Technology and Research (Deemed to be University), Vadlamudi, Guntur, Andhra Pradesh, India

? Department of Pathology, Government Medical College, Mahabubabad, Telangana, India

* Correspondence to: Dr. Ranga Rao Ambati, Senior Scientist & Associate Professor, Department of Biotechnology, School of Biotechnology

and Pharmaceutical Sciences, Vignan’s Foundation for Science, Technology and Research (Deemed to be University), Vadlamudi 522213,

Guntur, Andhra Pradesh, India. E-mail: arangarao99@gmail.com

Abstract

Received: 29 May 2025 / Accepted: 18 August 2025

Plasma glycated CD59 (gCD59) is evaluated as a predictor for diabetic nephropathy (DN), and the association between
FRMD3 gene mutations and DN susceptibility in type 2 diabetes (T2D) patients is explored. This cross-sectional study in-
cluded 320 patients with type 2 diabetes mellitus (T2DM), divided equally into two groups: those with and without mi-
croalbuminuria. Plasma gCD59 levels were measured using a sandwich ELISA, and FRMD3 gene mutations were identified
via PCR and Sanger sequencing. Statistical analyses assessed biomarker levels and their association with DN. Plasma gCD59
levels were significantly higher in patients with microalbuminuria (mean 711.27 pg/mL) compared to those without (mean
424.06 pg/mL). The G allele of the FRMD3 gene was more prevalent in DN patients (51.7% versus 41.2%), with the GG geno-
type showing a strong association with DN. Plasma gCD59 and FRMD3 gene polymorphisms are promising biomarkers for
the early detection of DN in T2DM patients. Integrating these markers into routine clinical assessments may enhance early
diagnosis and facilitate the development of personalized management strategies.
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Introduction

Diabetic nephropathy, initially described as inter-
capillary glomerulonephritis by Wilson and Kimmelstiel
in 1936 [1], is a severe kidney disorder associated with
prolonged high blood sugar levels. Nephrotic syn-
drome symptoms, including significant proteinuria,
hypertension, and a gradual decline in kidney function
characterize this condition. In its severe forms, diabet-
ic nephropathy can progress to kidney failure, leading
to end-stage renal disease (ESRD) and necessitating di-
alysis or kidney transplantation.

Clinically, diabetic nephropathy (DN) is identified
by overt nephropathy, marked by proteinuria exceed-
ing 0.5 grams per 24 hours [2]. Discoveries in the early
1980s indicated that even minimal levels of albumin in

the urine, often undetectable by conventional meth-
ods, could predict the future onset of proteinuria in
both type 1 and type 2 diabetes, a stage known as mi-
croalbuminuria or incipient nephropathy [3-5]. The
incidence of proteinuria varies, occurring in approxi-
mately 15-40% of individuals with type 1 diabetes (T1D)
and affecting 5-20% of patients with type 2 diabetes
(T2D) [6-10]. DN prevalence is notably higher among
certain racial and ethnic groups, including African
Americans, Asians, Hispanics, and Native Americans,
particularly Mexican-Americans. In Pima Indians, for
example, DN is observed in about 50% of all diabetic
patients [11].

Theincreased prevalence of type 2 diabetes and the
improved longevity of these patients have resulted in
more individuals progressing to ESRD, requiring renal
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replacement therapy. In the United States, approxi-
mately 40% of new ESRD cases are attributed to DN
[12]. Despite 20-30% of patients with either T1D or T2D
showing nephropathy symptoms, a smaller fraction of
those with T2D progress to ESRD. However, given the
higher prevalence of T2D, these patients constitute
over half of all new dialysis cases.

In India, it is estimated that around 77 million
adults aged 18 years and older suffer from T2D, with
nearly 25 million classified as prediabetic, placing them
at a higher risk of developing the disease soon. More
than half of these individuals are unaware of their con-
dition, which can lead to severe health complications if
diabetes remains undetected and untreated [13]. Early
detection and timely intervention are critical to man-
aging and potentially preventing the complications as-
sociated with diabetes.

The clinical progression of diabetic nephropathy
in type 1 diabetes (T1D) typically advances through five
stages, from hyperfiltration and hypertrophy in Stage I
to end-stage renal disease in Stage V. In type 2 diabetes
(T2D), these stages are less clearly defined but follow
a similar progression [14]. Recent research has high-
lighted that factors such as prolonged hyperglycemia,
advanced glycation end products, activation of protein
kinase C (PKC), increased production of transforming
growth factor B, and oxidative stress play significant
roles in the development of diabetic nephropathy [7, 8].
Additionally, the activation of the complement system,
particularly through the formation of the membrane
attack complex (MAC), has been implicated in the pro-
gression of the disease [9, 10]. While effective at elimi-
nating pathogens, MAC formation can also damage the
body’s own cells, leading to complications like throm-
bosis. The glycation-inactivation of the complement
regulatory protein CD59 has been linked to the patho-
physiological processes in diabetic nephropathy [15-17].

This study sought to establish plasma glycated
CD59 (gCD59) as a reliable biomarker for predicting
DN, which could have profoundly influenced clinical
practice. By facilitating early risk stratification, this
biomarker enabled personalized interventions that
improved patient outcomes. Successful validation of
plasma gCD59 could have greatly enhanced the man-
agement of DN and contributed to advancements in
precision medicine within diabetes care. This study
aimed to clinically validate the efficacy of plasma
gCD59 in predicting nephropathy in type 2 diabetes
(T2D) patients. Moreover, it explored the potential link
between FRMD3 mutations and DN, enhancing our un-
derstanding of the genetic factors that may predispose
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individuals to renal complications. The objective was
to evaluate the relationship between plasma glycated
CD59 levels and the presence of FRMD3 gene muta-
tions, providing a comprehensive insight into the pre-
dictive factors associated with renal complications in
these patients.

Material and methods

Study design and sample size calculation

This case-control cross-sectional study included a
cohort of individuals with T2D, both with and without
nephropathy. Based on a type I error of 0.05 and a pow-
er of 80%, the calculated sample size required was 160
subjects (American Diabetes Association Guidelines).

Recruitment and inclusion/exclusion criteria

A total of 320 diabetic individuals were recruited,
divided into two groups: 160 patients with microal-
buminuria (ACR <300 mg/g) and 160 without (ACR
<300 mg/g), all with HbAIC levels greater than 6.5%.
Patients with other medical conditions, such as infec-
tions, hypertension, or cardiovascular issues, were ex-
cluded to minimize confounding factors.

Demographic data collection

Demographic and clinical data, including age, sex,
family history, BMI, diabetes status, hypertension, mi-
croalbuminuria, HbAlc, and creatinine levels, were
collected. Height and weight were measured for BMI
calculation, and clinical details were extracted from
medical records (due to word limit, details are not
provided). Diabetes and hypertension were diagnosed
based on fasting plasma glucose levels and average
blood pressure measurements, respectively.

Sample collection and processing

Blood samples were collected after a12-hour fast us-
ing EDTA and plain vacutainer tubes. Serum and plas-
ma were separated by centrifugation at 3000 rpm for
10 minutes, aliquoted, and stored at -80°C until analysis.

Laboratory analysis

Plasma levels of gCD59 were quantitatively analyzed
using a sandwich ELISA method (Product# SEB336Hu,
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USCN Life Science Inc., Wuhan, China). The assay was
performed per the manufacturer’s guidelines, with
optical density measured at 450 nm to determine the
concentration of CD59 based on a standard curve. Ad-
ditionally, genomic DNA was extracted from blood
samples using the salting-out method [18], and PCR was
used to amplify specific regions of the FRMD3 gene for
mutational analysis [19].

PCR and mutational analysis

PCR amplification targeted exons 16 and 17 of the
FRMD3 gene, with oligonucleotide primers synthe-
sized for this purpose. Post-PCR, products were vis-
ualized on a 2% agarose gel and subjected to automat-
ed Sanger sequencing to identify mutations with the
FRMD3 gene rs39075 primers.

Quantitative and qualitative DNA analysis

The quantity and quality of extracted DNA were
assessed using a Nanodrop instrument, with absorb-
ance ratiosat 260 nm and 280 nm indicating purity. The
DNA was then used for further PCR-RFLP and sequenc-
ing analyses to explore potential links between FRMD3
mutations and DN.

Sequence analysis

For DNA sequence analysis, the PCR products were
processed using a Tag-Dye deoxy terminator cycle se-
quencing kit (Applied Biosystems) and analyzed with
an automated ABI 3730 sequencer. Both forward and
reverse primers were employed for sequencing. The
obtained sequences were analyzed using the NCBI
BLAST software program to identify potential muta-
tions. Reference sequences were sourced from the Na-
tional Center for Biotechnology Information (NCBI)
of the NIH and the ENSEMBL database at the Sanger
Institute. Identified mutations were further validated
by comparison against databases such as SNPper and
HapMap to confirm their presence and significance.

ELISA for gCD59

Plasma levels of gCD59 were quantitatively deter-
mined in all participants through a sandwich ELISA as-
say (USCN Life Science Inc., Wuhan, China). Initially,
100 uL of each serum sample or standard was applied
to microtiter plates pre-coated with the target protein.
Subsequently, biotin-conjugated antibodies specific to
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the protein of interest were added as secondary anti-
bodies for detection. The assay was conducted strictly
by the manufacturer’s guidelines. Optical density read-
ings were taken at 450 nm, and the concentration of the
protein candidates within the samples was calculated
by referencing a standard curve.

Statistical analysis

Continuous variables were reported as meanz+stand-
ard deviation with interquartile range, while categor-
ical variables were expressed as proportions. T-tests
were used for continuous variables, and Chi-squared
or Fisher’s exact tests for categorical variables. The
Kruskal-Wallis test, followed by Dunn’s post hoc anal-
ysis, evaluated median differences across groups. Re-
ceiver Operating Characteristic (ROC) curve analysis
assessed model predictive accuracy using the area un-
der the curve (AUC), with Z statistics comparing AUCs.
Patients were classified according to KDIGO guidelines
based on the albumin to creatinine ratio (ACR) as low
(<30 mg/g) or high (30-300 mg/g). Statistical analyses
were conducted using IBM SPSS (version 22.0). A p-val-
ue<0.05 was deemed significant. Predictive model per-
formance was assessed via sensitivity, specificity, pos-
itive/negative predictive values, and overall accuracy.

Results

Baseline characteristics of participants

The study involved 320 participants with type 2 di-
abetes (T2D), equally divided into microalbuminuric
(n=160) and normoalbuminuric (n=160) groups. The mi-
croalbuminuric group was significantly older (62.49+
12.14 years) compared to the normoalbuminuric group
(49.30+12.25 years, p<0.001). The duration of diabetes
was marginally longer in the microalbuminuric group
(10.66+5.02 years) compared to the normoalbuminuric
group (3.21+2.01 years); however, this difference was
not statistically significant (p=<0.001). A summary of
the baseline characteristics is provided in Table 1.

Plasma gCD59 and microalbuminuria status

Figure 1shows that patients with microalbuminuria
exhibited significantly higher plasma glycated CD59
(gCD59) levels, with a mean concentration of 711.27+
46.75pg/mL, compared to424.06+15.75pg/mLin thenor-
moalbuminuric group (p<0.001; Table 2, Figure 1A). This
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Table 1: Baseline characteristics of participants in the current study.

Variable All patients Range
Sex (M/F) 169/151

Mean age (years) 54.18+13.73 30-85
BIRECEORIIITRGE g i 28-70
diabetes (years)

BMI (kg/m?) 22.09+4.99 11.6-38.2
Serum creatinine

(mg/dL) 0.97+0.17 0.6-1.3
Creatinine clearance 80.35+21.81 43-166
(ml/min/m?)

Duration of diabetes 5.07+4.98 1-20
(years)

difference represents a nearly 68% increase in gCD59 lev-
els among individuals with microalbuminuria, empha-
sizing its strong association with early signs of diabetic
nephropathy. Such a significant elevation suggests that
plasma gCD59 may reflect the pathophysiological chang-
es associated with kidney damage in diabetes, including
heightened oxidative stress and the activation of the
complement system. The resultant findings underscore
the utility of gCD59 as a non-invasive, reliable biomark-
er for identifying T2D patients at risk of progressing to
nephropathy, enabling earlier diagnosis and potentially
guiding more personalized management strategies.

HbA1c and microalbumin levels

The mean HbAlc level (Table 2), a critical indicator
oflong-term glycemic control, was significantly elevated
in the microalbuminuric group (9.18+1.54%) compared
to the normoalbuminuric group (8.54+1.22%, p<0.001).
This 7.5% relative increase in HbAlc levels highlights
the greater degree of hyperglycemia in patients with mi-
croalbuminuria, which is known to contribute to kidney
damage through the generation of AGE products and in-
creased oxidative stress. Similarly, microalbumin levels
(Table 2), a key diagnostic marker for incipient nephrop-
athy, were markedly higher in the microalbuminuric
group (175.00+10.59 mg/g) compared to the normoalbu-
minuric group (10.94+ 2.25 mg/g, p<0.001). This repre-
sents a more than 15-fold elevation in urinary albumin
excretion, indicating a clear distinction in renal impair-
ment between the two groups. Elevated microalbumin
levels are reflective of early kidney dysfunction, often
linked to damage to the glomerular filtration barrier
due to prolonged hyperglycemia and hypertension. The

© 2025 The Authors

Microalbuminuric Normoalbuminuric

patients (n=160) patients (n=160) e
72/88 97/63
62.49+12.14 49.3+12.25 <0.001
51.7+£9.8 46+11.6 <0.001
22.88+6.06 21.64+4.23 0.23
0.98+0.16 0.97+0.18 0.61
75.43+20.57 83.24+22.16 0.08
10.66+5.02 3.21+2.01 <0.001

significant differencesin both HbAlcand microalbumin
levels between these groups reinforce the close interre-
lationship between poor glycemic control and early re-
nal dysfunction. These findings emphasize the critical
need for regular monitoring of HbAlc and microalbu-
min levels to identify individuals at an elevated risk of
developing DN. Early detection enables timely interven-
tions and effective management strategies to slow dis-
ease progression and reduce the risk of complications.

Correlation analysis

The duration of diabetes exhibited a strong positive
correlation with microalbuminuria (r=0.839, p<0.01),
indicating a significant association. In contrast, cre-
atinine clearance showed a weak negative correlation
with microalbuminuria (r=-0.158, p=0.08), though this
relationship was not statistically significant (Figure 2).

FRMD3 gene polymorphisms and
diabetic nephropathy

The GG genotype of the rs1888747 polymorphism
in the FRMD3 gene was significantly more prevalent
among microalbuminuric patients (51.7%) compared
to normoalbuminuric patients (41.2%), with a p-value
of 0.037. This genotype exhibited a strong association
with DN under the recessive model, as shown in Table 3
and Figure 1B.

Creatinine clearance in patients

A notable disparity in creatinine clearance was iden-
tified between patients with microalbuminuric patients
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Figure 1: A - Mean plasma gCD59 levels with standard deviations for microalbuminuric and normoalbuminuric
groups (p<0.001); B- FRMD3 gene expression (rs1888747 polymorphism) percentages for GG genotype in cases and
controls (p=0.037). gCD59 - glycated CD59

Table 2: Comparison of HbAlc, microalbumin, and plasma gCD59 levels in patients.

Microalbuminuric Normoalbuminuric

e (MeanxSD) (MeanxSD) Rl
HbAlc (%) 9.18+1.54 8.54+1.22 <0.001
Microalbumin (mg/g) 175.00+10.59 10.94+2.25 <0.001
Plasma gCD59 (pg/mL) 711.27+46.75 424.06+15.75 <0.001
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Correlation Analysis
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Figure 2: Correlation of microalbuminuria with clinical variables. The teal bar represents a strong positive corre-
lation (r=0.839, p=0.01) between duration of diabetes and microalbuminuria, while the blue bar indicates a weak
negative correlation (r=-0.158, p=0.08) between creatinine clearance and microalbuminuria, which is not statisti-

cally significant.

(75.43+20.57 ml/min/m? compared to the normoalbu-
minuric patients (83.24+22.16 ml/min/m?). However,
other parameters, such as BMI and serum creatinine lev-
els, did not show any statistically significant differences
between patients.

Discussion

Diabetic kidney disease, also known as DN, is a sig-
nificant complication affecting between 20% and 40%
of diabetic individuals [1]. It substantially increases the
risk for chronic kidney disease as diabetes prevalence
escalates globally, anticipated to impact over 350 mil-
lion people by 2035 [2]. A cross-sectional study conduct-
edinIndiaexamined the prevalence and associations of
microalbuminuria in individuals with type 2 diabetes
(T2D). The study reported a prevalence rate of around
43.8% [20]. This variation may be attributed to factors
like inconsistent treatment adherence and inadequate

glycemic control. Inadequate diabetes management,
marked by unstable blood sugar levels, is a well-estab-
lished risk factor for microalbuminuria. Persistent
glycemic fluctuations can impair the kidney’s filtra-
tion mechanism, resulting in albumin leakage into the
urine and increasing the risk of DN. This study empha-
sizes the crucial importance of strict glycemic control
in preventing the progression from normoalbuminu-
ria to microalbuminuria, underscoring the vital role
of optimal diabetes management in reducing kidney
complications in type 2 diabetes (T2D). Maintaining
tight glycemic control, combined with targeted inter-
ventions addressing modifiable risk factors, is crucial
in minimizing the burden of microvascular complica-
tions and improving long-term renal outcomes [21, 22].

Interestingly, while confirming a statistically sig-
nificant correlation between patient age and microal-
buminuria, the study found no gender-specific associ-
ations or links between BMI and microalbuminuria,
contrary to other studies. This discrepancy may be due

Table 3: FRMD3 gene polymorphisms and association with diabetic nephropathy.

Polymorphism Genotype Microalbuminuric (%) Normoalbuminuric (%) P-value
rs1888747 GG 51.7+2.34 41.2+3.89 0.037
rs9521445 CC 29.2+3.16 27.9+2.05 0.146
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to confounding factors such as diabetes duration and
glycemic management, which significantly influence
the development of microalbuminuria. No significant
associations were found between microalbuminuria
and creatinine levels, indicating that it may not directly
correlate with abnormal serum creatinine or creatinine
clearance. However, microalbuminuria remains a cru-
cial early marker of potential renal damage, emphasiz-
ingitsroleintheearly detection and management of DN.
Recent research suggests that a combination of
metabolic and hemodynamic factors triggers key intra-
cellular signaling pathways and transcription factors,
leading to microvascular damage in the glomeruli and
accelerating the progression of diabetic kidney dis-
ease (DKD) [23]. Furthermore, the study examined the
role of soluble CD59, a variant of the typically mem-
brane-bound protein CD59, which is found in blood,
urine, and saliva. Non-enzymatic glycation processes
in diabetes can inactivate CD59, resulting in the for-
mation of glycated CD59 [17]. Elevated levels of gCD59,
correlated with higher glucose levels, suggest its util-
ity as a potential predictor of nephropathy in T2D pa-
tients, as demonstrated through sensitive ELISA assays
[24, 25]. The study also investigated genetic predispo-
sitions, focusing on the FRMD3 gene, which has been
linked to DKD susceptibility through genome-wide as-
sociation studies (GWAS). This gene encodes structur-
al protein 4.1, which plays a crucial role in maintain-
ing cellular integrity. Notably, polymorphisms in the
FRMD3 gene have been associated with varying levels
of DKD susceptibility across different populations, un-
derscoring the need for further research to understand
these genetic influences better and facilitate the devel-
opment of targeted therapeutic strategies [19, 26-29].
This study highlights the intricate interplay be-
tween genetic and environmental factors in the patho-
genesis of DKD, underscoring the need for ongoing
research into the underlying mechanisms and risk fac-
tors that contribute to this debilitating condition. The
findings further underscore the importance of compre-
hensive clinical assessments, integrated with genetic
testing, in improving diagnosis, management, and
prognosis. Such an approach can enhance early detec-
tion and personalized treatment strategies, ultimately
leading to better patient outcomes. Further validation
of these findings is required to confirm their clinical
utility and establish standardized diagnostic protocols.
The present study validates plasma gCD59 and
FRMD3 gene as reliable biomarkers across diverse hu-
man cohorts. Furthermore, the mechanism underly-
ing plasma CD59 glycation, as well as the functional
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role of FRMD3 gene in the kidney, has been evaluated.
Looking ahead, the integration of plasma gCD59 as a
biomarker, FRMD3 genetic variations, and key clinical
characteristics will be essential for improving the pre-
diction and early detection of diabetes in patients.

Conclusions

The study provides compelling evidence support-
ing the utility of plasma gCD59 and FRMD3 gene pol-
ymorphisms as key biomarkers for the early detection
and management of DN in patients with T2D. Elevated
plasma gCD59 levels were consistently associated with
microalbuminuria, reinforcing its role as a reliable ear-
ly indicator of nephropathy. Additionally, the study
identified a significant genetic predisposition to DN,
demonstrated by the higher prevalence of the G allele
and GG genotype in the FRMD3 gene among affected
individuals. The integration of these biomarkers into
routine clinical practice could revolutionize the early
diagnosis, risk stratification, and personalized man-
agement of DN, enabling targeted therapeutic inter-
ventions and ultimately improving patient outcomes.

Moving forward, larger-scale, longitudinal stud-
ies are crucial to validate these findings further and
standardize their clinical application. Establishing
these biomarkers in routine screening protocols could
lead to significant advancements in the prevention
and management of diabetic nephropathy, ultimately
helping to reduce its global burden as a major diabetic
complication.
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