
Al-Kindy College Medical Journal 2023:19 (2) 

https://jkmc.uobaghdad.edu.iq/                                             196 

 

 

 

Al-Kindy College Medical Journal (KCMJ)  

 

Research Article 

Pancreatic Stone Protein/ regenerating Protein (PSP/reg) as a Biochemical Marker for 

prediction of Microvascular Complications of Type 2 Diabetes Mellitus  
 

Abrar I Albadr
1*

, Nazar S. Haddad
1  

 

1 Department of Biochemistry, College of Medicine, University of Basrah, Basrah, Iraq   
 

 abrar.emad@uobasrah.edu.iq * Corresponding author's email:              

 

 

ABSTRACT 

 

Article history: 

Received 11 February 2023 

Accepted 6 May  2023 

Available online 30 August  2023 

 Background: Type 2 diabetes mellitus (T2DM) characterized by insulin resistance (IR) and 

progressive decline in functional beta (β) cell mass partially due to increased β cell apoptosis 

rate. Pancreatic stone protein /regenerating protein (PSP/reg) is produced mainly by the 

pancreas and elevated drastically during pancreatic disorder. Beta cells are experiencing 

apoptosis that stimulate the expression of PSP/reg gene in surviving neighboring cells, and 

that PSP/reg protein is subsequently secreted from these cells which could play a role in their 

regeneration. 

Objectives: To analyze serum levels of PSP/reg protein in T2DM patients and evaluate its 

correlation with the microvascular complications of the disease. 

Subjects and Methods: One hundred fifty participants (64 males, 86 females; aged 40–70 

years) include T2DM patients with and without microvascular complications as well as 

healthy controls were enrolled in this study. Biochemical parameters like random blood 

glucose (RBG), glycated hemoglobin (HbA1c), lipid profile, urea and creatinine (Cr) were 

measured. Serum values of PSP/reg protein were measured by enzyme- linked 

immunosorbent assay (ELISA). 

Results: Serum levels of PSP/reg protein were found significantly elevated in T2DM patients 

with microvascular complications compared with those of controls (p<0.001) and T2DM 

patients without microvascular complications (p< 0.001).PSP/reg protein is correlated with 

type 2 DM duration (p<0.001), RBG (p<0.001), and HbA1c (p<0.001). The area under the 

curve (AUC) for the presence of microvascular complications was 0.973. 

Conclusion: PSP/reg protein may be used as biochemical marker to predict microvascular 

complications of T2DM.   
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Introduction 

Diabetes mellitus (DM) is a complex metabolic disease 

characterized by hyperglycemia resulting from impairment of 

carbohydrate, fat, and protein metabolism as a result of impaired 

insulin secretion, action or both (1) . In 2021, there were 537 million 

diabetics worldwide, and this number is expected to rise to 700 

million by 2045 (2). Human vascular system is directly and 

indirectly affected by diabetes, resulting in macrovascular and 

microvascular complications (3).  

The root cause of type 2 DM is peripheral insulin resistance, 

which causes an initial compensatory increase in insulin production 
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by beta (β) cells (4-7). Later, these cells begin to decline in function 

and mass and can no longer compensate (8), resulting in the 

development of T2DM (9). 

The impairment of β-cell function exhibits a marked progression 

over time (10). By the time a patient is diagnosed with diabetes there 

is a significant reduction, not only in beta cell function (80%) but 

also in mass (30% - 40%) (11-13). Patients with T2DM experience 

increased β-cell apoptosis, while neither replication nor neogenesis 

of beta cells is affected, indicating that increased beta cell loss is 

mainly responsible for its decline in mass (14). 

Pancreatic stone protein /regenerating protein (PSP/reg) is a 16-

kDa lectin binding protein (15,16). It is secreted into pancreatic juice 

by pancreatic acinar cells (17), and it is highly upregulated during 

acute or chronic pancreatitis (18). In addition, PSP/reg protein was 

found to have a regenerative capacity. In previous studies, it was 

reported that β-cells undergoing apoptosis induce neighboring cells 

to express the PSP/reg gene, resulting in PSP/reg protein secretion, 

thereby providing a cue to the microenvironment to regenerate (19). 

 A number of diseases other than pancreatic dysfunction are 

associated with PSP/reg, and it has been shown to be elevated in 

sepsis (20,21), ventilator-associated pneumonia (VAP)(22) and 

exacerbation of chronic obstructive pulmonary disease (COPD) (23) 

. PSP/reg and diabetes have recently been linked. PSP/reg levels 

were increased in type 1 and type 2 DM and in maturity onset 

diabetes of the young (MODY 3) (24,25). 

This study aims to analyze serum levels of PSP/reg protein in 

patients with T2DM, and to determine their association with the 

biochemical parameters and microvascular complications of T2DM. 

Subjects and Methods 

Study population 

One hundred fifty participants (64 males, 86 females; age range 

40–70 years) participated in this case control study.  

The participants were divided into three groups including T2DM 

patients without microvascular complications (n = 50) and with 

microvascular complications (n= 50), as well as healthy sex and age 

matched controls (n = 50). 

The study took place at Faiha Specialized Diabetes, Endocrine, 

and Metabolism Center (FDEMC) in AL-Faiha Hospital, Basrah, 

Iraq, from January 2018 to December 2018, and was approved by 

the research Ethical Committee of Basrah College of medicine. Type 

2 diabetics were evaluated according to the American Diabetes 

Association  (ADA) criteria  (26) . 

   The chronic microvascular complications of DM were 

evaluated, diabetic patients were checked for: 

1. Nephropathy: It was defined by urinary albumin excretion 

rate (UAE) of at least two specimens > 30 mg/24 hours or 

low glomerular filtration rate.  

2. Retinopathy: was evaluated and diagnosed using a standard 

fundus eye examination. [3] Neuropathy: It was diagnosed 

on the basis of clinical examination, electromyography 

(EMG) and nerve conduction studies (NCS) (27). 

 

 

Exclusion criteria were: (1) T1DM; (2) Active infection, tumor, 

inflammatory disorder, hepatic disorder;(3) Pregnancy.  

Measurements of Anthropometric and Biochemical Parameters 

Standardized questionnaire was used to obtain a comprehensive 

clinical assessment. Anthropometric measurements including height, 

weight and body mass index (BMI) were collected. Data on age, 

gender, smoking and drinking habits, hypertension, diabetes 

duration, medical history, and drug history was also collected. 

Venous blood samples were taken and placed in EDTA tubes for 

the measurement of HbA1c and in clot activator tubes, centrifuged 

then serum aliquoted and some of it used for the measurement of 

random serum glucose, random lipid profile, urea and creatinine and 

the rest stored at -20 until PSP/reg analysis. 

The random serum glucose, total cholesterol (TC), high-density 

lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride (TG) 

concentrations, urea and creatinine (Cr) were measured by COPAS 

INTEGRA 400 plus (Roche Diagnostics, Mannheim, Germany). 

HbA1c was measured using an ion-exchange high performance 

liquid chromatography (HPLC) (Bio-Rad Variant™ II Turbo 

analyzer).  

The serum PSP/reg protein level was determined using enzyme-

linked immunosorbent assay (ELISA) kit ( Elabscience 

Biotechnology Co.,Ltd)  in accordance with manufacturer's 

instructions.  

Statistical analysis 

Statistical analysis was conducted using the Statistical Package 

for Social Sciences (SPSS), version 23 (IBM). The results are 

displayed as means ± standard deviation (SD) or as percentages. 

Spearman's correlation coefficient was used to assess the correlation 

between PSP/reg and clinical parameters. Continuous variables were 

analyzed between two groups only using 2-tailed t-testing and 

between more than two groups using Analysis of variance 

(ANOVA) followed by Tukey post-hoc test. Categorical variables 

were analyzed with chi-square test. Area under the curve (AUC) 

values were reported with 95 % confidence intervals (95% CI). A P 

Value < 0.05 considered statistically significant. 

Results 

Baseline and biochemical characteristics 

 The baseline and biochemical characteristics of the study groups 

are shown in (Table 1) and (Table 2) respectively. Diabetic patients 

had higher mean BMI, systolic blood pressure (BP), RBG, HbA1c, 

TG levels and lower HDL levels than controls. 

PSP/reg levels in different study groups 

Serum levels of PSP/reg from controls and diabetics are shown 

in (Figure 1). Elevated levels of PSP/reg were observed in T2DM 

patients compared to controls (P<0.001). PSP/reg levels were 

notably higher in T2DM patients with microvascular complications 

(202.2 ng/ml ±143.47) than in those of controls (17 ng/ml ±7.07, p < 

0.001), and T2DM patients without microvascular complications 

(30.4 ng/ml ±15.38, p < 0.001). 

 

 

 



Al-Kindy College Medical Journal 2023:19 (2) 

https://jkmc.uobaghdad.edu.iq/                                      198 

 

Table 1: Baseline characteristics of subjects 

P-

value 

T2DM with 

microvascular 

complications 

N=50 

T2DM without 

microvascular 

complications 

N=50 

Control 

N=50 
Group 

0.664 

 

52.5±6.1 

 

 

51.1±8.6 

 

 

51.8±8.1 

 

Age 

(years)ª 

0.702 38 % 46% 44 % 

Gender 

male 

(%)£ 

<0.001 7.78±5.625 4.86±3.123 ----- 
Duration 

(years)⁂  

0.001 31.11±4.98⁕ 32.34±6.45⁕ 28.142±5.61 
BMI 

(kg/m2)ª 

<0.001 142±21.38⁕† 130.8±18.9⁕ 122.2±8.154 

Systolic 

BP 

(mmHg)ª 

0.039 84±12.77⁕† 79.8±10.9 79 ± 6.468 

Diastolic 

BP 

(mmHg)ª 

*significant as compared to controls, † significant as compared 

to T2DM without microvascular complications. ª 1-way ANOVA 

and Tukey`s post-hoc test, £ chi -square test, ⁂  Student t-test 

 

Table 2: Biochemical characteristics of subjects 

P-value 

T2DM with 

microvascular 

complications 

N=50 

T2DM without 

microvascular 

complications 

N=50 

Control 

N=50 
Group 

<0.001 202.2±143.47⁕† 30.4±15.38 17±7.07 

Human 

PSP/reg 

(ng/ml)ª 

<0.001 237.12±116.9⁕ 198.04±89.91⁕ 94.78±20.229 RBG(mg/dL)ª 

<0.001 9.13±1.92⁕ 8.78±1.56⁕ 5.09±0.4 HbA1c (%)ª 

0.962 172.48±44.33 170.6±43.6 172.92±44.525 TC (mg/dL)ª 

<0.001 182.26±84.65⁕ 181.54±114.176⁕ 113.46±57.902 TG(mg/dL)ª 

<0.001 41.48±12.97⁕ 39.9±10.8⁕ 50.72±16.827 

HDL-

cholesterol 

(mg/dL)ª 

0.845 120.26±43.364 118.56±42.502 115.48±39 

LDL-

cholesterol 

(mg/dL)ª 

*Significant as compared to controls, † significant as compared to 

T2DM without microvascular complications, ª 1-way ANOVA and 

Tukey`s post-hoc test. 

 

Metabolic and risk factors correlation 

This study demonstrates a significant statistical correlation of 

PSP/reg protein with T2DM duration (Spearman’s rank correlation 

coefficient 0.590, p<0.001, Figure 2) likewise, a significant 

statistical correlation was also noticed with the glycemic control, 

PSP/reg correlated positively with HbA1c (Spearman’s rank 

correlation coefficient 0.572, p<0.001, Figure 3) and RBG 

(Spearman’s rank correlation coefficient 0.577, p <0.001). BMI 

significantly correlated with PSP/reg (Spearman’s rank correlation 

coefficient 0.254, p <0.05). 

Other factors like age, gender and family history have no 

significant correlation with PSP/reg protein, apart from these, 

although smoking showed no significant correlation with PSP/reg 

protein; smokers, however, have higher PSP/reg than nonsmokers 

 

 
Figure 1: PSP/reg levels in different study groups 

 
. 

 
Figure 2: Correlation of PSP/reg with T2DM duration (Spearman r 

=0.590, p<0.001) 

The association between PSP/reg and microvascular 

complications of T2DM  

In addition to the role of HbA1c as predictor of diabetic 

complications, this study showed that PSP/reg protein have higher 

and better prediction value with higher specificity for microvascular 

complications in Type2 diabetes mellitus with AUC of  PSP/reg 

protein for presence of microvascular complications was 0.973 

(Figure 4). Additionally, the optimal cutoff point of PSP/reg for 

detecting microvascular complications based on receiver operating 

characteristic (ROC) curve analysis was 65 ng/ml (95 % sensitivity, 

94 % specificity).  

While the AUC of HbA1c for the presence of microvascular 

complications was 0.78, and the optimal HbA1c cutoff for detecting 
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microvascular complications was 6.9 % (93 % sensitivity, 54 % 

specificity). 

 
Figure 3: Correlation of PSP/reg with HbA1c (Spearman r =0.572, 

p<0.001) 

 

 

 
Figure 4: ROC curve for PSP/reg and HbA1c 

Discussion 

 PSP/reg protein in type 2 diabetes is attracting considerable 

interest worldwide, but despite this, in the developing countries few 

studies concentrate on its role (28, 29).  

       Three noteworthy findings were observed in this study. First, 

Type 2 diabetics have raised PSP/reg. Second, PSP/reg levels 

increase in subjects with diabetes in a time-dependent manner as 

evidenced by a positive correlation between PSP/reg and diabetes 

duration. Third, PSP/reg may reflect microvascular complications in 

diabetics and may help stratify the patient's outcome. 

It has been suggested that there are two scenarios for the 

pathophysiology of type 2 DM , loss of β-cell function and loss of β-

cell mass (9, 14, 30,31) and that when beta cells are damaged, their 

regeneration is influenced by PSP/reg gene expression (19). 

 In a study by Bonner et al. (19) it was demonstrated that 

apoptotic beta cells secrete particles that might stimulate PSP/reg 

induction within neighboring cells. This means that β-cell apoptosis 

is linked with β-cell regeneration. 

It is also have been suggested that PSP/reg is the product of acinar 

cells under normal situations but  other tissues like regenerating 

islets ,stomach and intestine seems to produce PSP/reg mainly under 

pathological conditions(17). 

      Additionally, Patients with (MODY 3) and T1DM also exhibited 

raised PSP/reg protein, indicating a role for β-cell apoptosis and 

pancreatic injury in increasing PSP/reg (24).  

       A pilot study by Yang et al. (25) reveled that PSP/reg levels 

increase significantly in patients with T2DM, and they linked it to 

diabetes stages and complications, however, their study did not draw 

a distinction between macrovascular and microvascular 

complications.  

       The present study focused primarily on the microvascular 

complications and showed a pronounced increase in PSP/reg protein 

in diabetics with microvascular complications compared to the other 

group of patients that did not have microvascular complications, 

these  findings provides a considerable confirmation  on the close 

association between PSP/reg protein and T2DM and its 

microvascular complications , implying that PSP/reg might be used 

in the future as promising marker for prediction of diabetic 

microvascular complications. 

     Furthermore, the current study found a positive correlation 

between circulating levels of PSP/reg and diabetes duration implying 

that there may be an intriguing positive relationship between 

PSP/reg and diabetes course. This result ties well with the study 

done  by Yang and colleagues (25) . Meanwhile, Uppal et al. (28) 

found that diabetics with short duration had higher PSP/reg level 

than those with longer duration. However, they also reported that 

patients with T2DM with known complications and longer disease 

duration were found to have higher PSP/reg levels. 

       PSP/reg levels correlated significantly with serum RBG and 

HbA1c, suggesting an association between elevated levels of 

PSP/reg and dysfunction of beta cells. This is in line with recent data 

indicating that PSP/reg gene expression is promoted by high glucose 

level, implying that there is a significant feedback loop for 

regulating β-cell mass (19) meanwhile, there was no correlation 

between PSP/reg and HbA1c in patients with MODY 3 and T1DM 

(24, 32). 

 Although smoking showed no significant correlation with 

PSP/reg protein in this study but higher levels were found in 

smokers and this could be attributed to the effect of nicotine and its 

association with β-cells apoptosis releasing PSP/reg (33). Moreover, 

Smoking causes an inflammatory response in the lungs and 

represents a risk factor for pulmonary diseases like COPD. It also 

elevates soluble inflammatory markers in the bloodstream (34). It 

has been demonstrated that various types of inflammatory conditions 

and organ failure are associated with a drastic increase in PSP/reg 

protein levels, thus the inflammation in smokers' air spaces may 

increase their blood levels of PSP/reg (20-22).  

     The positive correlation between PSP/reg protein and BMI is 

worth mentioning; type 2 diabetics with increased BMI had higher 

PSP/reg. This may be attributable to the fact that beta cell mass is 

increased in humans with obesity(35) . Also, obesity itself has been 

associated with low grade inflammation when linked to diabetes (36) 

and may lead to increased PSP/reg gene expression (37). 
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Furthermore, obesity related insulin resistance and hyperglycemia 

(19) may have contributed to elevated PSP/reg levels in this study. 

 For future risk assessment, the current study proposes a cutoff 

value of PSP/reg for predicting microvascular complications. A 

PSP/reg cutoff of 65 ng/ml provided the highest accuracy in 

identifying microvascular complications. A cutoff value of 22 ng/ml 

was suggested by Yang et al. (25) as an indication of the incidence 

of T2DM in non-diabetic subjects. This study investigated higher 

cutoff to have a better predictive value for microvascular 

complications. 

  This study also compared the AUC for PSP/reg generated by 

ROC curve analysis with the AUC for HbA1c, PSP/reg was superior 

to HbA1c for the prediction of microvascular complications. 

Conclusion 

 This study found that PSP/reg levels are elevated in patients with 

T2DM, especially in those with microvascular complications. Thus, 

PSP/reg may be used to predict microvascular complications 

associated with T2DM. 

 Further research is needed to explore the role of PSP/reg protein 

in a larger cohort of type 2 DM patients after stratification according 

to individual microvascular complications and to better understand 

the role of PSP/reg in T2DM progression. 

 

Funding 
This research did not receive any specific fund.  

Conflict of Interest  
 Authors declare no conflict of interest 

Data availability  

 Data are available upon reasonable request 

ORCID 

Abrar Albadr        0000-0003-4148-6863 

Nazar Haddad      0000-0002-4132-2079 

 

 References 

[1] American Diabetes Association. Classification and 

diagnosis of diabetes . Diabetes care. 2019;42(Suppl 

1):S13-28. 

[2] International Diabetes Federation.IDF Diabetes Atlas , 

10th edn. Brussels ,Belgium:International Diabetes 

Federation ,2021  . 

[3] Ahmed A, Sattar N, Yaghootkar H. Advancing a causal 

role of type 2 diabetes and its components in developing 

macro- and microvascular complications via genetic 

studies. Diabetic medicine : a journal of the British 

Diabetic Association . 2022;39(12):e14982. 

[4] Esser N, Utzschneider KM, Kahn SE. Early beta cell 

dysfunction vs insulin hypersecretion as the primary event 

in the pathogenesis of dysglycaemia. Diabetologia. 

2020;63(10):2007-2021. 

[5] Mezza T, Cinti F, Cefalo CMA, Pontecorvi A, Kulkarni 

RN, Giaccari A. β-Cell Fate in Human Insulin Resistance 

and Type 2 Diabetes: A Perspective on Islet Plasticity. 

Diabetes. 2019;68(6):1121-1129 . 

[6] Beverly JK, Budoff MJ. Atherosclerosis: Pathophysiology 

of insulin resistance, hyperglycemia, hyperlipidemia, and 

inflammation. Journal of diabetes. 2020;12(2):102-104. 

[7] Honzawa N, Fujimoto K. The Plasticity of Pancreatic β-

Cells. Metabolites. 2021;11(4):218. 

[8] Cohrs CM, Panzer JK, Drotar DM, Enos SJ, Kipke N, 

Chen C, et al. Dysfunction of Persisting β Cells Is a Key 

Feature of Early Type 2 Diabetes Pathogenesis. Cell 

reports. 2020;31(1):107469. 

[9] Saisho Y. β-cell dysfunction: Its critical role in prevention 

and management of type 2 diabetes. World journal of 

diabetes. 2015;6(1):109-124. 

[10] Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-

Sebal A, Siddiqi H, Uribe KB, et al. Pathophysiology of 

Type 2 Diabetes Mellitus. International journal of 

molecular sciences. 2020;21(17):6275. 

[11] DeFronzo RA, Eldor R, Abdul-Ghani M. Pathophysiologic 

approach to therapy in patients with newly diagnosed type 

2 diabetes. Diabetes care. 2013;36(Suppl 2): S127-138. 

[12] Guo Y, Li L, Yao Y, Li H. Regeneration of Pancreatic β-

Cells for Diabetes Therapeutics by Natural DYRK1A 

Inhibitors. Metabolites. 2022;13(1):51. 

[13] Mizukami H, Kudoh K. Diversity of pathophysiology in 

type 2 diabetes shown by islet pathology. Journal of 

diabetes investigation. 2022;13(1):6-13 . 

[14] Sasaki H, Saisho Y, Inaishi J, Itoh H. Revisiting 

Regulators of Human β-cell Mass to Achieve β-cell-

centric Approach Toward Type 2 Diabetes. Journal of the 

Endocrine Society. 2021;5(10):bvab128. 

[15] Watanabe T, Yonekura H, Terazono K, Yamamoto H, 

Okamoto H. Complete nucleotide sequence of human reg 

gene and its expression in normal and tumoral tissues. The 

reg protein, pancreatic stone protein, and pancreatic thread 

protein are one and the same product of the gene. Journal 

of Biological Chemistry. 1990;265(13):7432-7439. 

[16] Graf R, Schiesser M, Scheele GA, Marquardt K, Frick 

TW, Ammann RW, et al. A family of 16-kDa pancreatic 

secretory stress proteins form highly organized fibrillar 

structures upon tryptic activation. Journal of Biological 

Chemistry. 2001;276(24):21028-21038. 

[17] Graf R, Schiesser M, Reding T, Appenzeller P, Sun L-K, 

Fortunato F, et al. Exocrine meets endocrine: pancreatic 

stone protein and regenerating protein—two sides of the 

same coin. Journal of Surgical Research. 2006;133(2):113-

120. 

[18] Schmiegel W, Burchert M, Kalthoff H, Roeder C, Bützow 

G, Grimm H, et al. Immunochemical characterization and 

quantitative distribution of pancreatic stone protein in sera 

and pancreatic secretions in pancreatic disorders. 

Gastroenterology. 1990;99(5):1421-1430. 

[19] Bonner C, Bacon S, Concannon CG, Rizvi SR, Baquié M, 

Farrelly AM, et al. INS-1 cells undergoing caspase-

dependent apoptosis enhance the regenerative capacity of 

neighboring cells. Diabetes. 2010;59(11):2799-2808. 

[20] Eggimann P, Que YA, Rebeaud F. Measurement of 

pancreatic stone protein in the identification and 

management of sepsis. Biomarkers in medicine. 

2019;13(2):135-145. 



Al-Kindy College Medical Journal 2023:19 (2) 

https://jkmc.uobaghdad.edu.iq/                                      201 

 

[21] de Hond TAP, Oosterheert JJ, van Hemert-Glaubitz SJM, 

Musson REA, Kaasjager KAH. Pancreatic Stone Protein 

as a Biomarker for Sepsis at the Emergency Department of 

a Large Tertiary Hospital. Pathogens. 2022;11(5):559 . 

[22] Boeck L, Graf R, Eggimann P, Pargger H, Raptis DA, 

Smyrnios N, et al. Pancreatic stone protein: a marker of 

organ failure and outcome in ventilator-associated 

pneumonia. Chest. 2011;140(4):925-932. 

[23] Scherr A, Graf R, Bain M, Christ-Crain M, Müller B, 

Tamm M, et al. Pancreatic stone protein predicts positive 

sputum bacteriology in exacerbations of COPD. Chest. 

2013;143(2):379-387. 

[24] Bacon S, Kyithar MP, Schmid J, Rizvi SR, Bonner C, Graf 

R, et al. Serum levels of pancreatic stone protein 

(PSP)/reg1A as an indicator of beta-cell apoptosis suggest 

an increased apoptosis rate in hepatocyte nuclear factor 1 

alpha (HNF1A-MODY) carriers from the third decade of 

life onward. BMC endocrine disorders. 2012;12(1):13. 

[25] Yang J, Li L, Raptis D, Li X, Li F, Chen B, et al. 

Pancreatic stone protein/regenerating protein (PSP/reg): a 

novel secreted protein up-regulated in type 2 diabetes 

mellitus. Endocrine. 2015;48(3):856-862. 

[26] American Diabetes Association. Classification and 

diagnosis of diabetes . Diabetes care. 2018;41(Suppl 

1):S13-27. 

[27] Feldman EL, Callaghan BC, Pop-Busui R, Zochodne DW, 

Wright DE, Bennett DL, et al.  Diabetic neuropathy. 

Nature reviews. Disease primers. 2019;5(1):41 . 

[28] Uppal SS, Naveed AK, Baig S, Chaudhry B. Expression of 

REG I alpha gene in type 2 diabetics in Pakistan. 

Diabetology & metabolic syndrome. 2015;7:96. 

[29] Uppal SS, Naveed AK, Baig S, Ali H . Serum regenerating 

islet –derived 1 alpha (Reg 1α) protein levels as biomarker 

for type 1& 2 daibetics . Khyber Medical University 

Journal. 2015;7(3):102-108. 

[30] Meier JJ, Bonadonna RC. Role of reduced β-cell mass 

versus impaired β-cell function in the pathogenesis of type 

2 diabetes. Diabetes Care. 2013;36 (Suppl 2):S113-S119 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[31] Nakamura A. Effects of Sodium-Glucose Co-Transporter-

2 Inhibitors on Pancreatic β-Cell Mass and Function. 

International journal of molecular sciences. 

2022;23(9):5104 . 

[32] Astorri E, Guglielmi C, Bombardieri M, Alessandri C, 

Buzzetti R, Maggi D,et al. Circulating Reg1alpha proteins 

and autoantibodies to Reg1alpha proteins as biomarkers of 

beta-cell regeneration and damage in type 1 diabetes. 

Hormone and metabolic research . 2010;42(13):955-960. 

[33] Chi Y, Wang X, Jia J, Huang T. Smoking Status and Type 

2 Diabetes, and Cardiovascular Disease: A Comprehensive 

Analysis of Shared Genetic Etiology and Causal 

Relationship. Frontiers in endocrinology. 2022;13:809445. 

[34] Ghio AJ, Pavlisko EN, Roggli VL, Todd NW, Sangani 

RG. Cigarette Smoke Particle-Induced Lung Injury and 

Iron Homeostasis. International journal of chronic 

obstructive pulmonary disease. 2022;17:117-140. 

[35] Saisho Y, Butler AE, Manesso E, Elashoff D, Rizza RA, 

Butler PC. β-cell mass and turnover in humans: effects of 

obesity and aging. Diabetes care. 2013;36(1):111-117. 

[36] Kochumon S, Al Madhoun A, Al-Rashed F, Thomas R, 

Sindhu S, Al-Ozairi E, et al. Elevated adipose tissue 

associated IL-2 expression in obesity correlates with 

metabolic inflammation and insulin resistance. Scientific 

reports. 2020;10(1):16364 . 

[37] Calderari S, Irminger JC, Giroix MH, Ehses JA, 

Gangnerau MN, Coulaud J, et al. Regenerating 1 and 3b 

gene expression in the pancreas of type 2 diabetic Goto-

Kakizaki (GK) rats. Puplic library of science one. 

2014;9(2):e90045.  
 

 
  

To cite this article: Albadr, A., & Haddad, N. S. 

Pancreatic Stone Protein/ regenerating Protein 

(PSP/reg) as a Biochemical Marker for prediction of 

Microvascular Complications of Type 2 Diabetes 

Mellitus . AL-Kindy College Medical 

Journal, 2023;19(2), 196–201. 

 


