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Obijective: To investigate the correlation between serum levels of G protein-coupled receptor 4 (GPR4) and Biglycan (BGN) with the
severity of Intervertebral Disc Degeneration (IVDD).

Methods: A total of 162 patients with IVDD treated at our hospital from August 2023 to August 2024 were included. The general
information of patients was retrospectively collected. MRI was used to assess IVDD severity using the Pfirrmann grading system.
Serum GPR4 and BGN levels were measured by enzyme-linked immunosorbent assay (ELISA). Multiple linear regression analysis
was performed to identify risk factors for IVDD severity. Spearman’s and Pearson’s correlation analyses were used to evaluate the
relationships between serum GPR4, BGN, and IVDD severity. Receiver operating characteristic (ROC) curve analysis was used to
evaluate the diagnostic value of serum GPR4 and BGN in IVDD.

Results: Significant differences in age and the proportion of diabetic patients as well as serum GPR4 and BGN were found among
different Pfirrmann grades (P<0.05). Serum GPR4 levels increased but BGN levels decreased with higher Pfirrmann grades (P<0.05).
Multiple linear regression analysis showed that age and serum GPR4 and BGN levels were risk factors for IVDD severity (P<0.05).
The results of the correlation analysis showed that serum GPR4 and age were positively correlated with the severity of IVDD
(=0.651, =0.488, P<0.001), while BGN was negatively correlated with the severity of IVDD (»=—0.591, P<0.001). The results of
Spearman correlation analysis showed a negative correlation between serum GPR4 and BGN (P<0.05). ROC curve analysis revealed
that the AUC values for the diagnosis of IVDD using serum GPR4 alone, BGN alone, and the combination of GPR4 and BGN were
0.918, 0.811, and 0.919, respectively (P<0.05). Moreover, the combination of GPR4 and BGN demonstrated higher sensitivity and
specificity compared to either marker alone.

Conclusions: Serum GPR4 and BGN levels are identified as effective diagnostic indicators for IVDD, with serum GPR4 positively
correlated but BGN negatively correlated with the severity of IVDD.
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Introduction

Intervertebral Disc Degeneration (IVDD) is a significant pathophysiological basis for lumbar spine diseases, such as lumbar
disc herniation and lumbar spinal stenosis, which severely affect patients’ quality of life and work capacity. The pathogenesis
of IVDD is complex, involving genetic factors, environmental factors, and an imbalance in the metabolism of the extracellular
matrix, among others.! Currently, the diagnosis of IVDD primarily relies on imaging examinations, such as the Pfirrmann
grading on MRI,? but these methods are difficult to achieve early diagnosis and lack specificity. Previous studies have found
that various serum markers are associated with IVDD, such as matrix metalloproteinases and inflammatory factors.**
However, these markers have limited specificity and cannot comprehensively reflect the pathogenesis of IVDD. Therefore,

the search for biomarkers that can diagnose early and assess the severity of IVDD has become a research hotspot.

Orthopedic Research and Reviews 2025:17 289-297 289
Received: 27 February 2025 © 2025 Gao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at httpx / Iwww.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creati li nc/4.0/). By accessing the work

Accepted: 21 June 2025
Published: 8 July 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Gao et al

G protein-coupled receptor 4 (GPR4) is an orphan receptor with a potential role in cell signal transduction, capable of
activating inflammation and increasing the expression levels of nerve growth factor in acidic microenvironments, which
has been confirmed in multiple organ systems.” Moreover, GPR4 is expressed in rat nucleus pulposus cells and its
expression is upregulated in an acidic microenvironment that mimics degenerative intervertebral discs (IVDs), closely
associated with the elevated expression of the RANK/RANKL/OPG axis and neurotrophic proteins.® Biglycan (BGN),
a constituent of the leucine-rich proteoglycan family, is extensively present in the extracellular matrix.” Animal studies
have demonstrated that BGN plays a crucial role in maintaining the structural integrity of intervertebral discs and
delaying degeneration. BGN achieves this by modulating the composition and function of the extracellular matrix,
thereby protecting disc cells from damage and preserving disc health.® Additionally, both cellular and animal studies have
highlighted the critical importance of BGN and its fragment Bgm1 in maintaining the normal function and quantity of
disc cells.” Although a few cellular and animal experiments have explored the relationship between GPR4 and BGN with
IVDD, clinical applications of these findings are limited, and the association between serum levels of GPR4 and BGN
and the severity of IVDD remains unclear. This study aims to fill this research gap by investigating the correlation
between serum levels of GPR4 and BGN and the severity of [IVDD. Our goal is to provide new biomarker evidence for
the early diagnosis and disease monitoring of IVDD, thereby improving diagnostic accuracy and offering more precise

guidance for clinical treatment.

Objects and Methods
Study Object

A total of 162 patients with IVDD treated at our hospital from August 2023 to August 2024 were selected for this study,
consisting of 76 males and 86 females, with ages ranging from 48 to 70 years. Inclusion criteria: (1) meeting the relevant
diagnostic criteria for IVDD;'? (2) all patients underwent MRI examination; (3) all patients had complete clinical data.
Exclusion criteria: (1) disc lesions caused by tumors or infections; (2) presence of significant organ dysfunction; (3)
presence of hematological and immunological system diseases; (4) presence of bone metabolism-related diseases; (5)
patients who had recently undergone spinal surgery; (6) patients receiving medication affecting disc metabolism or
inflammatory responses; (7) patients with severe mental illness or cognitive impairment who could not understand the
content of the study; (8) patients with concurrent lumbar spine fractures. Additionally, 78 individuals who underwent
health check-ups during the same period were selected as the Control group, including 40 males and 38 females, with
ages ranging from 47 to 70 years old. The baseline characteristics of the control and IVDD groups were presented in
Table 1. No statistically significant differences were observed in the baseline characteristics between the Control and
IVDD groups, indicating comparability (P>0.05).

Table | General Information Comparison Between Control Group and IVDD Group

Group n Gender/n(%) Age/Year BMI/kg m™2 Smoking Alcohol Basic Disease Situation
History /n/% History/ n/% n/%
Male Female Hypertensio | Diabetes
Control Group 78 40(51.28) 38(48.72) | 58.00(54.75,61.00) 24.16%1.32 39(50.00) 35(44.87) 42(53.85) 44(56.41)
IVDD group 162 | 102(62.96) | 60(37.04) | 58.00(55.00,61.00) 24.28+1.28 97(59.87) 67(41.36) 84(51.85) 91(56.17)
P 2.973* -0.183% 0.684" 2.092% 0.266* 0.084* 0.001*
P 0.085 0.855 0.494 0.148 0.606 0.772 0.972

Notes: *represents the chi-square value, “represents the Z-value, “represents the t-value.
Abbreviations: IVDD, Intervertebral Disc Degeneration; BMI, body mass index.
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Methods

General Information

The following information was retrospectively collected from patients: gender, age, Body mass index (BMI), smoking
history, drinking history, and the presence of underlying diseases such as hypertension and diabetes.

Severity Grading of IVDD

All enrolled patients underwent magnetic resonance imaging (MRI) examination, and the severity of IVDD was graded
using the Pfirrmann grading system, in which Grade I represents a normal intervertebral disc, and Grades II to
V represent degenerated intervertebral discs.” For the purpose of this study, patients with IVDD Grades II to V were
included as study subjects. There were 42 patients with Grade II lesions, 36 patients with Grade III lesions, 46 patients
with Grade IV lesions, and 38 patients with Grade V lesions.

Power Analysis: Utilizing G*Power version 3.1 software, we conducted a power analysis based on the
Pfirrmann grading system (Grades I to V) and employed a linear multiple regression analysis (Fixed model, R?
deviation from zero) to determine the sample size required for each subgroup. The analysis revealed that, with an
alpha level (a) of 0.05, a desired power of 95%, and an effect size (f?) of 0.15 indicating a medium effect, each
subgroup would necessitate a minimum of approximately 33 subjects. The current sample sizes for the subgroups
(42, 36, 46, and 38 subjects) may be adequate for detecting medium effect sizes but may have limited capacity to
detect smaller effect sizes. Furthermore, a post hoc power analysis based on the existing data indicated that the
power, calculated with the smallest subgroup sample size (36 subjects per group), is 97%, which exceeds the pre-
specified threshold of 95%. This suggests that the sample size for the subgroup analysis in this study is sufficient.

Detection of Serum GPR4 and BGN

Upon admission, 5 mL of venous blood was drawn from all enrolled patients. After centrifugation at 3000 r/min
for 10 minutes, the supernatant was collected and stored at —80°C. Serum samples stored in the biobank of our
hospital were used for detection in this study and the levels of GPR4 and BGN in the serum were measured
according to the manufacturer’s instructions of the respective ELISA kits (EH1317, Wuhan Fine Biotech Co., Ltd.,
China; HM11655, Bioswamp, China). The optical density (OD) values were measured at 450 nm using
a microplate reader (Multiskan Sky High, Thermo Fisher Scientific, USA). The concentrations of GPR4 and
BGN were calculated by substituting the OD values into the standard curves.

Statistical Analysis

Data were analyzed using SPSS 26.0 software. Data conforming to a normal distribution were expressed as the mean +
standard deviation (¥ =+ s), and one-way ANOVA was used for comparisons among multiple groups. Continuous variables not
conforming to a normal distribution were described using the median and interquartile range [M (P25, P75)], and the Kruskal-
Wallis rank sum test was used for comparisons among multiple groups. Categorical data were expressed as frequency (n) and
percentage (%), and the chi-square test was used to analyze differences between groups. Multiple linear regression was
employed to analyze risk factors affecting the severity of IVDD. Pearson correlation analysis was used for data between two
groups that were normally distributed, while Spearman correlation analysis was applied for data between two groups that did
not follow a normal distribution. A P-value of less than 0.05 indicated a statistically significant difference.

Results

Comparison of General Information

There were no statistically significant differences in BMI levels, gender, smoking history, drinking history, and the
proportion of hypertension among patients with different Pfirrmann grades (P>0.05); however, significant differences
were observed in age and the proportion of diabetes patients (P>0.05) (Table 2).
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Table 2 Comparison of General Information Among Patients with Different Pfirrmann Grades in IVDD Group

Group n Gender/n(%) AgelYear BMI/kg m2 Smoking Alcohol Basic Disease
History /n/% | History/ n/% Situation n/%
Male Female Hypertensio | Diabetes
Grade Il | 42 | 28(66.67) | 14(33.33) | 55.50(53.00,59.00) 23.98+2.85 26(61.90) 16(38.10) 20(47.62) 26(61.90)
Grade Il | 36 | 20(55.56) | 16(44.44) | 56.00(54.00,59.00) 24.96x1.63 23(63.89) 15(41.67) 18(50.00) 17(47.22)
Grade IV | 46 | 29(63.04) | 17(36.96) | 59.00(57.00,61.00) 25.08%1.56 28(60.87) 20(43.48) 22(47.83) 20(43.48)
Grade V | 38 | 25(65.79) | 13(34.21) | 61.00(59.00,65.00) 26.02x1.62 20(52.63) 16(42.11) 24(63.16) 28(73.68)
HIFl? 1.224" 39.872% 1.652%* 1.162" 0.280" 2.595" 9.476"
P 0.747 <0.001 0.180 0.762 0.964 0.458 0.024

Notes: *represents the F-value, #represents the H-value, and “represents the chi-square value.
Abbreviations: VDD, Intervertebral Disc Degeneration; BMI, body mass index.

Comparison of Serum GPR4 and BGN Levels

There was a statistically significant difference in serum GPR4 and BGN levels among patients with different Pfirrmann

grades (P<0.05), with serum GPR4 levels increasing and BGN levels decreasing as the grade increased (Table 3).

Multivariate Linear Regression Analysis of IVDD Severity

With the

Pfirrmann grade of patients as the dependent variable and age, history of diabetes (yes=1, no=0), and serum

GPR4 and BGN levels as independent variables, a multivariate linear regression analysis was conducted. The results
indicated that age and serum GPR4 and BGN levels are risk factors affecting the severity of IVDD (P<0.05) (Table 4).

Table 3 Comparison of Serum GPR4 and BGN Levels
in Patients with Different Pfirrmann Grades in IVDD
Group

Group n GPR4/ (pg/mL) | BGN/ (ng/mL)

Grade Il | 42 | 2409.46+415.08 | 12.49 (10.60,14.19)
Grade Il | 36 | 2782.99+442.98 | 10.14 (9.17,11.57)
Grade IV | 46 | 293854+452.92 | 9.44 (8.32,10.84)
Grade V | 38 | 3508.71+450.85 | 8.26 (7.46,9.08)
HIF 42477 57.343%

P <0.001 <0.00|

Notes: *represents the F-value, "represents the H-value.
Abbreviations: GPR4, G protein-coupled receptor 4; BGN, Biglycan;
IVDD, Intervertebral Disc Degeneration.

Table 4 Multivariate Linear Regression Analysis of IVDD Severity

Variable Non-Standard Standard t P
Coefficient Coefficient

Age 0.081 0.315 6.085 | <0.001
History of diabetes —0.068 —0.030 —0.613 | 0.54I

GPR4 0.001 0.398 6.919 | <0.001
BGN —0.160 —0.352 —6.297 | <0.001

Abbreviations: VDD, Intervertebral Disc Degeneration; GPR4, G protein-coupled
receptor 4; BGN, Biglycan.
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The Correlation Between Age, Serum GPR4, BGN, and the Severity of IVDD

The results of Pearson correlation analysis showed a positive correlation between serum GPR4 and the severity of [IVDD
(r=0.651, P<0.001). Spearman correlation analysis indicated a positive correlation between age and the severity of IVDD
(=0.488, P<0.001). In contrast, serum BGN was negatively correlated with the severity of IVDD (=—-0.591, P<0.001)
(Figure 1).

Correlation Between Serum GPR4 and BGN

Spearman’s correlation analysis demonstrated a negative relationship between serum GPR4 and BGN (r=—0.446,
P<0.001) (Figure 2).

Diagnostic Value of Serum GPR4 and BGN in VDD

The serum levels of GPR4 and BGN were compared between the control group and patients with IVDD. The diagnostic
value of GPR4 and BGN in IVDD was further evaluated using ROC curve analysis. The results showed that the AUC for
the diagnosis of IVDD using GPR4, BGN, and the combination of GPR4 and BGN were 0.918, 0.814, and 0.919,
respectively (P<0.05). The combined diagnostic approach exhibited higher sensitivity and specificity compared to the use
of either biomarker alone (Table 5 and Figure 3).
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Figure | The correlation between age, serum GPR4, BGN, and the severity of IVDD. (A) The correlation between serum GPR4 and the severity of IVDD. (B) The
correlation between age and the severity of IVDD. (C) The correlation between serum BGN and the severity of IVDD.
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Figure 2 Correlation between Serum GPR4 and BGN.
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Table 5 Diagnostic Value of Serum GPR4 and BGN in IVDD

Index Truncated Value | Sensitivity% | Specificity’% | AUC | P 95%CI

GPR4 12.14 80.86 74.36 0918 | <0.001 | 0.878-0.958
BGN 2126 90.74 79.49 0.814 | <0.001 | 0.749-0.874
GPR4+BGN | - 91.36 83.33 0919 | <0.001 | 0.874-0.964

Abbreviations: GPR4, G protein-coupled receptor 4; BGN, Biglycan; IVDD, Intervertebral Disc Degeneration.

Discussion

Although several biomarkers, such as matrix metalloproteinases (MMPs) and inflammatory cytokines, have been
identified as potential diagnostic indicators for IVDD,'""'? these markers lack specificity and may not accurately
distinguish IVDD from other inflammatory diseases. In this study, we report for the first time that serum GPR4 and
BGN levels are dysregulated in IVDD and are associated with the severity of the condition. These findings provide novel
biomarker evidence for the early diagnosis and disease monitoring of IVDD.

IVDD is a complex degenerative disease with a pathogenesis involving multiple factors, including inflammatory
responses, acidic microenvironments, and metabolic imbalances of the extracellular matrix.> > As age increases, cellular
metabolism in the intervertebral discs slows down, and nutrient supply decreases, leading to the loss of proteoglycans and
water in the nucleus pulposus, fissures in the annulus fibrosus, calcification of the cartilaginous endplates, and ultimately
resulting in IVDD.'® The results of this study show a positive correlation between age and the severity of IVDD, indicating
that the older the age, the higher the severity of IVDD, which is consistent with the findings of Liebsch et al.'”

GPR4, as a proton-sensing receptor, can accumulate cyclic adenosine monophosphate (cAMP) within nucleus
pulposus cells under acidic conditions, activating inflammatory signaling pathways such as the MAPK and NF-«xB
pathways, thereby initiating inflammatory responses and regulating IVDD.'® In this study, as the severity of IVDD
increased, the levels of GPR4 in serum showed a significant upward trend. This may be attributed to the formation of
a more acidic microenvironment within the intervertebral disc, which in turn leads to the elevation of serum GPR4 levels.
These findings suggest that GPR4 may play an important role in the process of IVDD. The increase in serum GPR4
levels may reflect the exacerbation of inflammatory responses during the progression of IVDD. This result is consistent
with previous studies where GPR4 expression was upregulated in an acidic microenvironment similar to degenerated
intervertebral discs, closely associated with the increased expression of the RANK/RANKL/OPG system and neuro-
trophic proteins, suggesting that GPR4 may promote the progression of IVDD by activating inflammatory responses and
affecting the metabolism of the extracellular matrix.®

BGN constitutes an essential element of the intervertebral disc extracellular matrix and is vital for preserving disc
architecture and functionality.'® It is released in response to tissue injury or stress, acting as a damage-associated
molecular pattern to activate inflammatory responses.”’ The findings of this study reveal a negative correlation between
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Figure 3 ROC curves for the diagnosis of IVDD using serum GPR4 and BGN.

294 https: Orthopedic Research and Reviews 2025:17



Gao et al

serum BGN levels and the severity of IVDD, indicating that the lower the BGN levels, the more severe the degeneration.
This phenomenon may be related to the important role of BGN in maintaining the structure of the intervertebral disc.
Proteomic analysis has revealed that BGN was downregulated in intervertebral discs with Modic changes, which may be
associated with the inflammation and tissue destruction related to these changes.”! Additionally, animal studies have
shown that mice with BGN knockdown exhibit more severe IVDD, and that adipose-derived stromal cells can promote
an increase in BGN levels, thereby improving IVDD.** The present study underscores the importance of BGN in
intervertebral disc health and highlights its potential as a biomarker and therapeutic target for [IVDD.

The results of our study revealed a positive correlation between serum GPR4 levels and the severity of IVDD, while
serum BGN levels were negatively correlated with IVDD severity. Further investigation uncovered a negative correlation
between serum GPR4 and BGN levels. The underlying mechanism may be that the activation of GPR4, which can
influence inflammatory responses and the metabolism of the extracellular matrix, indirectly affects BGN levels. In an
acidic microenvironment, the activation of GPR4 leads to the release of inflammatory factors. These factors not only
promote the degradation of proteoglycans but may also inhibit their synthesis.”* Therefore, the increased levels of GPR4
in serum may, together with the decreased levels of BGN, reflect the pathological physiological processes of inflamma-
tory responses and imbalances in extracellular matrix metabolism during the progression of IVDD.

Multivariate linear regression analysis indicated that age, as well as serum levels of GPR4 and BGN, are risk factors
influencing the severity of IVDD. This further underscores the significance of age in the progression of IVDD and
highlights the potential value of serum GPR4 and BGN as biomarkers. In univariate analysis, the prevalence of diabetes
showed statistical significance. However, this variable was not identified as significantly associated in the multivariate
regression model. The discrepancy may be attributed to the fact that age is a well-established risk factor for IVDD and
may have complex interactions with diabetes. As individuals age, their metabolic functions gradually decline, and the
risk of developing insulin resistance and subsequently diabetes increases. Moreover, aging is intrinsically linked to disc
degeneration. Therefore, the association between diabetes prevalence and IVDD may be confounded by age and other
related factors. Future studies should validate these findings in larger and more diverse populations. ROC curve analysis
revealed that the combined detection of serum GPR4 and BGN significantly enhances diagnostic sensitivity and
specificity to 91.36% and 83.33%, respectively, thus serving as a promising biomarker panel for the diagnosis of
intervertebral disc degeneration (IVDD) (AUC = 0.919). When integrated with MRI, this combined approach not only
achieves complementary advantages but also improves diagnostic accuracy. Moreover, it can reduce the need for
additional unnecessary diagnostic tests, thereby lowering healthcare costs.

In summary, the levels of serum GPR4 and BGN are significantly correlated with the severity of IVDD, indicating
that serum GPR4 and BGN levels could serve as potential biomarkers for early assessment and monitoring of IVDD,
providing a basis for clinical intervention. However, the study has certain limitations: the relatively small sample size
may compromise the statistical significance and limit the generalizability of the findings; the mechanisms of action
within intervertebral disc tissue were not deeply explored and require further in vitro and in vivo experimental validation;
IVDD is a multifactorial process, and it is necessary to consider genetic and lifestyle factors comprehensively to fully
understand its pathogenesis.

Conclusion

This study, for the first time, demonstrates the correlation between serum GPR4 and BGN levels and the severity of
IVDD, highlighting their potential as diagnostic biomarkers for IVDD. The combined detection of serum GPR4 and
BGN significantly enhances diagnostic accuracy for IVDD, providing a novel biomarker basis for early diagnosis and
disease monitoring. Future research should aim to validate these findings in larger and more diverse populations and
explore their clinical application value.
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