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ABSTRACT

Introduction: Chronic Kidney Disease (CKD) is common disorder
showing decreased Glomerular Filtration Rate (GFR) value (<60 mL/
min/1.73 m?). Because of limitations of creatinine as a biomarker of
GFR, new alternative biomarkers are being investigated, such as
Beta-Trace Protein (BTP) is low molecular weight proteins that are
filtered by the glomeruli. Serum BTP have been shown to be more
helpful for estimating GFR.

Aim: To assess the role of Beta-Trace Protein (BTP) as a potential
biomarker of Chronic Kidney Disease (CKD) in comparison to
serum urea, serum creatinine, fasting blood sugar and Creatinine
Clearance Rate (CCR).

Materials and Methods: This case-control study was conducted
at Government Medical College, Rajouri, Jammu and Kashmir,
India, from February 2021 to December 2021. Total 50 known
patients of kidney diseases and 50 healthy individuals above the
age of 18 years were enrolled in the study. Blood samples were
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collected from all individuals and serum BTP, serum urea level,
serum creatinine level, fasting blood sugar were measured.
Correlation of BTP with serum urea level, serum creatinine level,
Fasting Blood Glucose (FBG) level, and CCR was calculated by
Pearson Correlation test.

Results: In present study, 50 patients in case groups (33 male and
17 females) and 50 healthy controls (25 males and 25 females)
were included. Among controls, the mean age of patients was
52.12+5.66 years and among cases 55.94+10.51 years. BTP
level was increased two times (from 32.06+11.25 pg/mL to
66.36+27.80 pg/mL) in CKD patients than controls individuals.
BTP level was positively correlated with serum urea level, serum
creatinine level, and FBG level while negatively correlated with CCR.

Conclusion: The BTP may be a useful and reliable serum marker
for identifying the magnitude of renal dysfunction in patients
with CKD and may have its place beside serum creatinine as an
alternative endogenous GFR marker.
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INTRODUCTION

The CKD is a progressive abnormality of kidney in either structural
or functional form affecting greater than 10% of the population
worldwide [1]. It is more prevalent among geriatric age group along
with other complications such as diabetes, obesity and coronary/
vascular disease [1]. Serum creatinine level has been used as
basic biomarker for detection of CKD since years but it has many
restrictions. The serum creatinine level is varied according to various
factors such as age, gender, body weight etc., [2]. Researcher
suggested that determination of serum creatinine level is not
accurate method to diagnose CKD, therefore there is need of
alternate new biomarkers for early detection of CKD with accuracy
as well as precision [3].

Various low molecular weight proteins in the range of 10-25 kDa
have renal handling compatibility with the “ideal” GFR marker [4].
In fact, they are cleared by the plasma through free glomerular
filtration, subsequent complete tubular resorption, and degradation
inside tubular cells. As a consequence, their serum concentrations
increase progressively with the reduction of GFR. BTP also called
lipocalin prostaglandin D, synthase is a low molecular weight (23-
29 KDa) glycoprotein. It is isolated from cerebrospinal fluid. It is
present in very low concentration in blood [5,6].

The BTP may be a promising biomarker. Because of BTP’s low
molecular weight, it is expressed in almost all tissues involved in
prostaglandin metabolism, such as the brain, retina, melanocytes,
male reproductive organs, heart and kidney [7-10]. BTP is filtered
freely in the kidneys and has very little tubular reabsorption and is
excreted in the urine. Few researchers found that BTP serum levels
correlate with GFR [11-13]. Therefore, the present investigation was
aimed to assess the role of BTP as a potential biomarker of CKD as
previously GFR and CCR were considered as biomarkers for CKD.
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Also, to assess its relation to other biomarkers such as serum urea
level, serum creatinine level, CCR, and FBG level.

MATERIALS AND METHODS

This case-control study was conducted at Government Medical
College, Rajouri, Jammu and Kashmir, India, from February 2021
to December 2021. Study was approved by Ethics committee
(IEC Reference no. AU/EC/FM/2021/187), Adesh University,
Bathinda. Written informed consent was obtained from all the
subjects prior to the study.

Inclusion criteria: Patients aged >18 years, with established diagnosis
of CKD i.e., whose GFR levels were between 59-15 mL/min per
1.73 m? were included. Healthy individuals aged >18 years were
taken as control.

Exclusion criteria: Subjects with primary tubular diseases, Recent
or concurrent administration of potentially nephrotoxic drugs, acute
kidney injury, terminal kidney failure requiring dialysis were excluded
from the studly.

Fifty patients of known CKD were selected as cases from GMC
Rajouri by convenient sampling. Fifty healthy individuals working in
GMC Rajouri were selected as controls.

Study Procedure

The demographic data such as age, gender, height, weight, Body
Mass Index (BMI), blood pressure was collected from all the study
subjects. Under aseptic precautions, 5 mL of venous blood sample
was collected after an overnight fasting of 12 hours from all subjects.
After retraction of the clot, samples were centrifuged at 2000 rpm
for 15 minutes for separation of serum. Serum was divided into
two parts in aliquotes at -20°C for the estimation of BTP. The
remaining serum was used for estimation of urea, and creatinine
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level. For estimation of glucose, separate blood sample was drawn
in tube containing fluoride as gycolytic inhibitor and plasma sample
was used.

Estimation of serum Beta-Trace Protein (BTP) (Normal value
0.78-50 ng/mL): Determination of concentration of BTP in serum
was measured by Enzyme Linked Immunosorbent Assay (ELISA).
Enzyme immune assay kit was purchased from bio vendor Aviva
System Biology Corporation. An antibody specific for PTGDS
(Prostaglandin-Endoperoxide Synthase) had been precoated onto a
well plate. To wells, test samples were incubated for 30 minutes. In
the wells, biotinylated detector antibodies were added which were
specific for PTGDS. The mixture was incubated and then washed.
After that, Avidin peroxidase conjugate was added. After incubation,
unbound conjugates were washed away. TMB substrate (3,3,5,5-
tetramethylbenzidine) was added for enzymatic reaction through
which blue coloured product was formed which produced yellow
colour after addition of acidic stop solution. The intensity of yellow
colour was measured at 450 nm [14].

Estimation of urea (Normal value 19-45 mg/dL): For determination
of serum urea level, Urease-Glutamate Dehydrogenase (GLDH)
method was used [15]. All reagents (Urea standard, Tris buffer pH
8.5, a-ketogluterate GLDH, urease, and Nicotinamide Adenine
Dinucleotide Hydrogen(NADH)) were purchased from sigma Aldrich.
A 1 mL of working solution and 10 pL of standard/sample was mixed
and incubated for 30 seconds and absorbance was measured at
340 mm (A,). Exactly after one minute, absorbance was measured
at 340 nm for both standards and test (A,)). Urea concentration was
calculated by using following formula:

Urea concentration=Absorbance of sample (A1-A2)xStandard value
Absorbance of Standard (A1-A2)

Estimation of serum creatinine (Normal range-in male 0.7-
1.3 mg/dL; in females- 0.6-1.1 mg/dL): Creatinine level was
estimated by the Jaffe’s method, used with slight modifications [16].
In 1 mL of sodium tungstate reagent, 1 mL sulfuric acid reagent,
and 1 mL of distilled water was added. After mixing, 1 mL of serum
sample was added. The mixture was centrifuged at 1500 rpm for
5 minutes. In the filtrate, picric acid reagent and NaOH sequentially
to all tubes after all other materials have been added. After mixing,
tubes were allowed to stand for 15 minutes at room temperature.
Absorbance was measured at 510 nm. Creatinine value for test by
using the concentration of the standard and its absorbance.

Determination of CCR: Creatinine clearance can be estimated
using serum creatinine levels. The Cockcroft-Gault (C-G) formula

www.jcdr.net

uses a patient’s weight (kg) and gender to predict CrCI (mg/dL). The
resulting CrCl is multiplied by 0.85 if the patient is female to correct
for the lower CrCl in females. The C-G formula is dependent on age
as its main predictor for CrCl. Below is the formula:

eCCr=(140-Age)xMass (kg)x(0.85 if female)/72x{Serum Creatinine
(mg/dL)} [17].

Estimation of plasma glucose (normal range- 74-100 mg/dL):
For determination of glucose level in blood, Glucose oxidase-
peroxidase (GOD-POD) method was used with end point analysis
[18]. Absorbance was measured at 505 nm. The intensity of the
coloured complex was directly proportional to the concentration of
glucose in samples.

STATISTICAL ANALYSIS

The statistical analysis was performed by using Statistical Package
for Social Sciences (SPSS) version 26.0. Results were expressed
as arithmetic mean and standard deviation (Mean+SD). Differences
of continuous variables between the different group’s data were
assessed by independent samples t-test. Pearson correlation was
used to assess the correlation between parameters of interest. The
level of significance was observed at p<0.001.

RESULTS

In control group, out of 50 healthy persons 25 were male and
25 female, while for cases, 33 male and 17 females were selected.
Among controls, the mean age of patients was 52.12+5.66 years
and among cases 55.94+10.51 years. Demographic features
like height and BMI of controls were not comparable with cases
[Table/Fig-1].

The FBG level was found to be significantly higher in cases
(1564.77+71.75 mg/dL) than healthy individuals (104.58+9.11). SBP
and DBP were also found to be higher in case group as compared
to control group. The difference between case and controls regarding
FBS, SBP and DBP was found statistically significant [Table/Fig-2].

Results showed that creatinine and urea level in cases was found
to be elevated than control. The variation was greater in females
than males among case group. The levels of serum urea, Creatinine
were significantly higher (p-value <0.001) in cases than control
while CCR were significantly lowered (p-value <0.001) in patients
with kidney impairment than control. The statistically significant
difference (p-value <0.001) was found between control and case
groups regarding BTP level, which indicated the increased level
of BTP concentrations in case group as compared to controls
[Table/Fig-3].

[Table/Fig-1]: Demographic data of the cases/controls involved in the study.

Chi-square test, independent t-test; BMI: Body mass index; Bold p-values are significant

Mean+SD
Control Case
Variables Total Male Female Total Male Female p-value
Gender 50 25 25 50 33 17 0.50
Age (years) 52.12+5.66 53.08+5.56 51.16+5.60 55.94+10.51 57.72+10.74 52.47+£9.10 0.041
Height (m) 1.61+0.08 1.65+0.09 1.568+0.06 1.66+0.08 1.69+0.06 1.61+0.09 0.010
Weight (Kg) 68.08+9.13 70.64+10.16 656.562+7.10 69.3+8.6 70.27+7.64 67.41+£10.15 0.15
BMI (Kg/m?) 25.41+1.97 25.09+1.86 25.73+2.02 24.61+2.65 2414+2.53 25.53+2.64 0.05

[Table/Fig-2]: Fasting Blood Glucose (FBG), Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP) in cases/controls involved in the study.

Mean+SD
Control Case
Variables Total Male Female Total Male Female p-value
FBG (mg/dL) 104.58+9.11 104.45+8.37 104.72+9.79 154.77+71.75 155.96+69.01 1562.47+76.74 <0.001
SBP (mmHg) 119.16+6.57 120.72+6.66 117.6+6.09 136.36+25.65 133.75+10.47 141.41+22.92 0.014
DBP (mmHg) 78.56+3.89 79.76+2.35 77.36+6.09 87.68+9.97 87.21+£10.47 88.58+8.83 0.006

Independent t-test
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Meanzstandard deviation
Control Case
Variables Total Male Female Total Male Female p-value
BTP (ug/mL) 32.06+11.25 32.96+12.46 31.166+9.80 66.36+27.80 62.90+27.54 73.05+27.07 <0.001
Creatinine (mg/dL) 0.83+0.12 0.85+0.11 0.81+0.12 2.51+£1.16 2.46+1.10 2.62+1.27 <0.001
CCR (mL/min) 111.34+10.34 114.73+8.46 107.96+10.93 35.73+13.32 37.67+12.92 31.95+13.26 <0.001
Urea (mg/dL) 28.24+6.82 28.47+6.36 28.02+7.24 190.55+44.52 88.91+40.01 93.74+52.03 <0.001

[Table/Fig-3]: Observations of Beta-Trace Protein (BTP), creatinine, Creatinine Clearance Rate (CCR), and urea in cases/controls involved in the studly.

Independent t-test; bold p-values are significant

In patients with renal impairment, a strong positive correlation was
found for serum creatinine and urea level with BTP (r value=0.99
for both). While BTP was negatively correlated with CCR (r=-0.98
for both). The correlation of BTP with serum urea level, serum
creatinine level, CCR and FBG was found statistically significant
(p-value <0.001) [Table/Fig 4-8].

Analysis Creatinine Urea CCR FBG
Pearson correlation 0.99 0.99 -0.98 0.97
p-value <0.001 <0.001 <0.001 <0.001

[Table/Fig-4]: Pearson correlation of Beta-Trace Protein with Creatinine, urea,

Creatine Clearance Rate (CCR), and Fasting Blood Glucose (FBG).
Correlation is highly significant at 0.01 level; bold p-values are significant
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[Table/Fig-6]: Pearson correlation between BTP and Urea.
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DISCUSSION

Beta-trace protein may be a good biomarker for diagnosis of CKD.
In the present study, it was found that serum level of beta-trace
protein was significantly higher in case group of study than control
group. Kidneys play important roles in body to perform various vital
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functions such as removal of excessive water and waste products
from body, and regulation of acid-base balance of the blood. In
CKD, kidneys are unable to perform its vital functions properly. CCR
is considered as good indicators of any damage of kidneys (either
structural or functional [19].
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[Table/Fig-8]: Pearson correlation between BTP and FBG/FBS.

Now-a-days, CKD has become chronic health issues worldwide.
CKD is considered as the twelfth most common cause of death. Its
mortality rate is ~31.7% which is a serious health concern [20,21].
Side-effects associated with CKD can be reduced if it is diagnosed
at early stage. So, in the present investigation, concentration of BTP
in serum was aimed to find out its efficacy for early detection of renal
dysfunction in patients of CKD.

Creatinine and urea are considered as good biomarkers to diagnose
CKD [22-24]. Results of the present study showed that in patients of
CKD, serum level of urea and creatinine was elevated by approximately
three times. However, the elevation in serum urea level and serum
creatinine level was 218.05% and189.41%, respectively in males
while in female groups this increment was found to be higher
(234.54% and 223.45%, respectively). Thus, the elevation was higher
in female patients than male. CCR was lowered in patients with renal
impairment than control. These findings were in accordance to some
previous findings which have concluded that the increased serum
creatinine has a renal cause and consider a result of reduced CCR
which is also related to increased serum urea concentration [25-27].

The FBG was also measured in all subjects involved in the study
and results revealed that in patients with renal impairment values
are higher than healthier persons. Results indicated the association
of CKD with hyperglycaemia. Results clearly conclude that BTP
was increased approximately two-folds (106.98 %) in patients with
kidney impairment than healthy individuals. However, variation was
higher in female groups (134.43%) than male groups (90.83%).
These findings were in agreement with the study of Bishoy EA et
al., [28]. They have also reported that beta-trace protein have been
elevated in patients with various renal diseases.

Findings of the current investigation also showed that concentration
of BTP was positively correlated with serum urea level, serum
creatinine level and FBG level while negatively correlated with CCR.
These conclusions were in consistent with the previous studies,
which stated that elevated beta-trace protein concentrations in CKD
patients have significantly positive correlation with concentration of
creatinine [29,30]. Hence BTP is good marker for early diagnosis of
renal dysfunction in patients with CKD.



Mohit Thalquotra et al., Association of Serum Beta-trace Protein Levels in Patients with Chronic Kidney Disease: A Case-control Study

www.jcdr.net

Limitation(s) [12] Benlamri A. Development of a beta-trace protein based formula for estimation of
Due to limitations of present study, namely small sample size and glomerular filration rate. Pediatr Nephrol. 2010;25(3):485-90. .
) ) - o T [13] Spanaus KS. Serum creatinine, cystatin C, and beta-trace protein in diagnostic
heterogeneity of filters, additional systematic investigations are staging and predicting progression of primary nondiabetic chronic kidney
warranted to further elucidate the value of BTP as a diagnostic tool disease. Clin Chem. 2010;56(5):740-49.
in patients on CKD. [14] Wajda J, Dumnicka P, Sporek M, Maziarz B, Kolber W, Adamska AZ, et al. Does
beta trace protein outperform cystatin C as a diagnostic marker of acute kidney
injury complicating the early phase of acute pancreatitis. J Clin Med. 2010;9(1):205.
CONCLUSION(S) [15] Tabata M, Murachi T. A chemiluminometric method for the determination of urea in
The BTP level showed an elevation in serum of patients with renal serum using a three-enzyme bioreactor. J Biolumin Chemilumin. 1998;2(2):63-70.
. . . . " [16] Jaffe M. Ueber den Niederschlagwelchen Pikrinsdure in normalen Harnerzeugt
impairment. BTP concentration in serum showed Strong positive und Ubereineneue reaction des Kreatinins. Z Physiol Chem. 1886;10:391-400.
correlation with FBG, serum urea level, and serum creatinine level Doi: 10.1515/bchm1.1886.10.5.391.
while it showed strong negative correlation with CCR. Present study [17] Shahbaz H, Gupta M. Creatinine Clearance. 2022 Jul 25. In: StatPearls [Internet].
S BTP might me a potential biomarker for patients of Treasure Island (FL): StatPearls Publishing. PMID:2022; 31334948.
SqueStS Srum 9 p p [18] Trinder P. Determination of glucose in blood using glucose oxidase with an
CKD. However, some more studies are recommended in future for alternative oxygen acceptor. Ann Clin Biochem. 1969;6:24-27. Availabe at:
validation of the results. https://doi.org/10.1177/000456326900600108.
A ) . [19] National Kidney Foundation. (K/DOQI) Clinical practice guidelines for chronic
Authors contribution: This study was conducted by MT under kidney disease: Evaluation, classification, and stratification. Am J Kidney Dis.
supervision of author RSA and the author GKB helped for designing 2002;39(2):S1-266.
the study. [20] Ackland P. Prevalence, detection, evaluation and management of chronic kidney
disease. BMJ. 2014;348:7688. Doi: 10.1136/bmj.f7688.
[21] Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA. GBD 2015 mortality and
REFERENCES causes of death collaborators. Global, regional, and national life expectancy, all-
[1]1 Mallappalll M, Friedman EA, Delano BG, McFarlane SI, Salifu MO. Chronic cause mortality, and cause-specific mortality for 249 causes of death, 1980-
kidney disease in the elderly: Evaluation and management. Clin Pract (Lond). 2015: A systematic analysis for the global burden of disease study 2015. Lancet.
2014;11(5):525-35. Doi: 10.2217/cpr.14.46. 2016;388:1459-544.
[2] Levey AS. Measurement of renal function in chronic renal disease. Kidney Int. [22] Entedhar RS, Nawal AM. Biochemical changes in chronic renal failure pre and
1990;38(1):167-84. post hemodilysis. J Environ Sci EngTechnol. 2016;5:190-95. Doi: 10.17265/2162-
[3] Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney function-measured 5298/2016.04.008.
and estimated glomerular filtration rate. N Engl J Med. 2006;354(23):2473-83. [23] Suresh M, Mallikarjuna RN, Sharan BSM, Hari KB, Shravya KG. Haematological
[4] Maack T, Hyung PC, Camargo MJF. Renal filtration, transport and metabolism of changes in chronic renal failure. IJSRP. 2012;2(9):2250-31583.
proteins. In: The Kidney; Physiology and pathophysiology, edited by Seldin DW, [24] Shivananda NB. Manipal manual of clinical biochemistry. Jay Pee Brothers
Giebish G. New York: Ravan. 1992;(33):3005-38. Medical Publishers (p) Ltd, New Delhi; 2002;98-99.
[6] Urade Y, Hayaishi O. Biochemical, structural, genetic, physiological, and [25] Higgins, C. Urea and the clinical value measuring blood urea concentration.
pathophysiological features of lipocalin-type prostaglandin D synthase. Biochim Acutecaretesting.org. 2016. Corpus ID: 41626067 .
Biophys Acta. 2000;1482(1-2):259-71. [26] Rahn KH, Heidenreich S, Bruckner D. How to assess glomerular function and
[6] White CA, Shahi SG, Adams MA. Beta-trace protein: A marker of GFR and other damage in humans. J Hypertens. 1999;17(3):309-17.
biological pathways. Am J Kidney Dis. 2022;65(1):131-46. [27] Stevens LA, Levey AS. Measured GFR as a confirmatory test for estimated GFR.
[7]1 Han F. Induction of lipocalin-type prostaglandin D synthase in mouse heart under JASN. 2009;20(11):2305-13.
hypoxemia. Biochem Biophys Res Commun. 2009;385(3):449-53. [28] Bishoy EA, Azza MAA, Mohamed AAA, Ibrahim ETES. Serum beta-trace protein
[8] Eguchi Y. Expression of lipocalin-type prostaglandin D synthase (B-trace) in and Cystatin C as biomarkers for renal sysfunction in patients with chronic kidney
human heart and its accumulation in the coronary circulation of angina pectoris. disease. Journal of Molecular Biomarkers and Diagnosis. 2018;9(4):1000399.
Proc Natl Acad Sci USA. 1997;94(26):14689-94. [29] Dajak M, Ignjatovi S, Stojimirovi B, Gaji S, Majki-singh N. Beta-trace protein as a
[9] Nagata N. De novo synthesis, uptake and proteolytic processing of lipocalin-type marker of renal dysfunction in patients with chronic kidney disease: Comparison
prostaglandin D synthase, B-trace, in the kidneys. FEBS J. 2009;276(23):7146-58. with other renal markers. J Med Biochem. 2010;29:66-72. Doi: 10.2478/v10011-
[10] Orenes-Pinero E. Beta-trace protein: From GFR marker to cardiovascular risk 010-0008-9.
predictor. Clin J Am Soc Nephrol. 2013;8(5):873-81. [30] Poge U, Gerhardt TM, Stoffel-Wagner B, Palmedo H, Klehr HU. Beta-Trace

[11] White CA. Estimating GFR using serum beta trace protein: Accuracy and validation
in kidney transplant and pediatric populations. Kidney Int. 2009;76(7):784-91.

protein is an alternative marker for glomerular filtration rate in renal transplantation
patients. Clin Chem. 2005;51(8):1531-33.

PARTICULARS OF CONTRIBUTORS:

1. Student (Ph.D), Department of CIBR, Adesh University, Bathinda, Punjab, India.
2. Assistant Professor, Department of CIBR, Adesh University, Bathinda, Punjab, India.
3. Professor and Head, Department of Biochemistry, AIMSR, Adesh University, Bathinda, Punjab, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Mohit Thalquotra,

Student (Ph.D), Department of CIBR, Adesh University, Bathinda, Punjab, India.
E-mail: mohitnagarO@yahoo.in

AUTHOR DECLARATION:

e Financial or Other Competing Interests: None

e Was Ethics Committee Approval obtained for this study? Yes

¢ Was informed consent obtained from the subjects involved in the study? Yes

* For any images presented appropriate consent has been obtained from the subjects.

PLAGIARISM CHECKING METHODS: ®an Hetal

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Sep 24, 2022
* Manual Googling: Nov 21, 2022
o iThenticate Software: Nov 25, 2022 (15%)

NA

Date of Submission: Aug 31, 2022
Date of Peer Review: Oct 07, 2022
Date of Acceptance: Nov 28, 2022

Date of Publishing: Dec 01, 2022

Journal of Clinical and Diagnostic Research. 2022 Dec, Vol-16(12): BC15-BC18


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

