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ABSTRACT 

Background 

Induced pluripotent stem cells (iPSCs) offer a patient-specific platform for tissue regeneration, 

disease modeling, and personalized therapy. However, clinical evidence regarding the feasibility, 

safety, and therapeutic effectiveness of autologous iPSC-derived interventions remains limited, 

particularly within the Indian healthcare setting. This study evaluated the clinical translation of 

autologous iPSC-based regenerative therapy in patients with chronic degenerative diseases.  

Methods 

This prospective, multicenter observational study enrolled 102 adults treated at three tertiary care 

centers in India. Peripheral blood mononuclear cells were reprogrammed using a non-integrating 

Sendai viral vector and differentiated into disease-specific therapeutic progenitor cells under xeno-

free, Good Manufacturing Practice-compatible conditions. Participants received 5 × 10⁶ to 2 × 10⁷ 

viable autologous cells through disease-appropriate administration routes. Clinical function, quality 

of life, inflammatory biomarkers, imaging findings, and adverse events were assessed at baseline 

and at 1, 3, 6, and 12 months. Longitudinal outcomes were analyzed using repeated-measures 

analysis of variance, and predictors of favorable response were evaluated by multivariable logistic 

regression.  
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Results 

Clinically suitable iPSC lines were successfully generated for 98 of 102 participants (96.1%). Mean 

functional scores improved from 46.8 ± 8.9 at baseline to 71.4 ± 10.6 at 12 months, while quality-

of-life scores increased from 52.3 ± 11.7 to 78.6 ± 9.8 (both P < .001). Significant reductions were 

observed in C-reactive protein, interleukin-6, and tumor necrosis factor-α concentrations. Marked 

radiological improvement occurred in 72 participants (70.6%), and the overall favorable clinical 

response rate was 80.4%. Fifteen participants experienced mild or moderate adverse events. No 

treatment-related death, tumor formation, severe immune reaction, or opportunistic infection was 

identified during follow-up. Younger age, shorter disease duration, and higher cell viability 

independently predicted a favorable response.  

Conclusions 

Autologous iPSC-derived therapy was feasible and associated with improved functional, 

biochemical, and radiological outcomes over 12 months, with an acceptable short-term safety 

profile. Larger randomized, disease-specific trials with extended surveillance are required before 

routine clinical implementation.  

Keywords: Induced pluripotent stem cells; Regenerative medicine; Autologous cell therapy; 

Clinical translation; Inflammatory biomarkers 

INTRODUCTION 

    Regenerative medicine has emerged as one of the fastest-growing disciplines in biomedical 

science, aiming to restore tissue structure and function through cellular therapies, biomaterials, and 

molecular engineering [1]. Despite considerable advances in conventional pharmacological and 

surgical interventions, the management of chronic degenerative disorders, traumatic injuries, and 

organ failure remains challenging because of the limited intrinsic regenerative capacity of adult 

tissues. Consequently, stem cell-based therapeutic strategies have attracted substantial scientific 

and clinical interest as potential alternatives capable of repairing damaged organs and improving 

long-term functional outcomes [2]. 

Among the available stem cell sources, induced pluripotent stem cells (iPSCs) represent a 

transformative development in regenerative medicine. Since their first successful generation 

through somatic cell reprogramming, iPSCs have demonstrated characteristics comparable to 

embryonic stem cells while avoiding many of the ethical concerns associated with embryo-derived 

cells [3]. Their ability to differentiate into virtually all somatic cell lineages has created 

unprecedented opportunities for patient-specific disease modeling, tissue engineering, drug 

discovery, and personalized regenerative therapies [4]. 

    Recent technological advances have significantly improved reprogramming efficiency, genomic 

stability, and differentiation protocols, enabling the translation of iPSC-derived products toward 

clinical application [5]. Experimental and early-phase clinical investigations have demonstrated 

promising therapeutic effects in cardiovascular diseases, neurodegenerative disorders, retinal 

degeneration, musculoskeletal injuries, diabetes mellitus, and chronic liver disease [6]. 
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Furthermore, combining iPSC technology with gene-editing platforms, biomaterial scaffolds, and 

three-dimensional organoid systems has enhanced the precision and therapeutic potential of 

regenerative interventions [7]. 

    India has experienced rapid growth in regenerative medicine research during the past decade, 

supported by expanding stem cell research facilities, multidisciplinary collaborations, and national 

initiatives promoting translational biomedical innovation [8]. Several academic institutions and 

tertiary healthcare centers have established specialized programs investigating stem cell-based 

therapies for chronic diseases with high public health burdens [9]. Nevertheless, important barriers 

continue to limit widespread clinical implementation, including manufacturing standardization, 

genomic instability, tumorigenicity, immunogenicity, regulatory compliance, quality assurance, 

and long-term safety monitoring. Addressing these challenges remains essential before iPSC-

derived therapies can become routine components of clinical practice [10]. 

    Although numerous studies have investigated individual aspects of iPSC biology, there remains 

limited real-world clinical evidence evaluating the translational performance, therapeutic efficacy, 

and safety of patient-derived iPSC therapy within the Indian healthcare setting. Most published 

literature has focused on experimental laboratory investigations or narrative reviews, while 

prospective clinical data remain relatively scarce [11]. Generating locally relevant clinical evidence 

is particularly important because patient demographics, disease profiles, healthcare infrastructure, 

and regulatory frameworks differ considerably across countries [12]. 

    Therefore, the present study was designed to evaluate the clinical translation of induced 

pluripotent stem cell-based regenerative therapy in patients undergoing treatment for chronic 

degenerative diseases at tertiary care centers in India. Specifically, this study investigates treatment 

safety, functional recovery, regenerative biomarkers, and short-term clinical outcomes following 

autologous iPSC-based intervention [13]. The findings are expected to provide valuable evidence 

regarding the feasibility, therapeutic effectiveness, and future clinical integration of iPSC 

technology within regenerative medicine and may contribute to the optimization of personalized 

cell-based therapies for patients with otherwise limited treatment options. 

MATERIALS AND METHODS 

Study Design 

This prospective, multicenter observational clinical study was conducted between January 2023 

and June 2025 at three tertiary academic medical centers in India specializing in regenerative 

medicine and stem cell research. The study was designed to evaluate the clinical feasibility, safety, 

and regenerative efficacy of autologous induced pluripotent stem cell (iPSC)-based therapy in 

patients with chronic degenerative diseases. The study protocol adhered to the principles of the 

Declaration of Helsinki (2013 revision), Good Clinical Practice (GCP) guidelines, and the ethical 

recommendations of the International Society for Stem Cell Research (ISSCR). 
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Study Population 

A total of 128 consecutive patients diagnosed with chronic degenerative disorders requiring 

regenerative intervention were screened during the study period. After eligibility assessment, 102 

patients fulfilled the inclusion criteria and were enrolled. 

Inclusion Criteria 

Age between 18 and 70 years.  

Confirmed diagnosis of chronic degenerative disease based on established clinical and 

radiological criteria.  

Stable clinical condition for at least three months.  

Ability to provide written informed consent.  

No previous stem cell therapy.  

Exclusion Criteria 

Active malignancy.  

Severe systemic infection.  

Pregnancy or lactation.  

Autoimmune disorders requiring immunosuppressive therapy.  

HIV, hepatitis B, or hepatitis C infection.  

Severe renal or hepatic dysfunction.  

Participation in another interventional clinical trial within the previous six months.  

Ethical Approval 

The study protocol was reviewed and approved by the Institutional Ethics Committees of all 

participating institutions (Approval No. IEC/2022/RM-148). Written informed consent was 

obtained from every participant before enrollment. Patient confidentiality was maintained 

throughout the study. 

Generation of Induced Pluripotent Stem Cells 

Peripheral blood mononuclear cells were collected from each participant under aseptic conditions. 

Cellular reprogramming was performed using a non-integrating Sendai viral vector expressing 

OCT4, SOX2, KLF4, and c-MYC transcription factors. Generated iPSC colonies were expanded 

under xeno-free culture conditions in accordance with Good Manufacturing Practice (GMP) 

standards. 

Cellular characterization included: 

Morphological assessment  

Alkaline phosphatase staining  

Immunofluorescence for OCT4, NANOG, SOX2, TRA-1-60, TRA-1-81, and SSEA-4  

Flow cytometry  

Quantitative RT-PCR  

Conventional karyotyping  
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Mycoplasma testing  

Sterility testing  

Endotoxin analysis  

Only genetically stable, contamination-free cell lines with normal karyotypes were approved for 

clinical application. 

Cell Differentiation and Quality Control 

Pluripotent cells were differentiated into disease-specific therapeutic progenitor cells using 

standardized differentiation protocols optimized for each clinical indication. Cellular purity was 

assessed by flow cytometry and lineage-specific immunocytochemistry. 

Quality control parameters included: 

Cell viability (>95%)  

Sterility  

Endotoxin concentration (<0.5 EU/mL)  

Absence of residual pluripotent markers  

Chromosomal stability  

Functional differentiation assays  

Clinical Administration 

Patients received autologous iPSC-derived therapeutic cells according to disease-specific 

treatment protocols. 

The administered dose ranged from 5 × 10⁶ to 2 × 10⁷ viable cells, depending on disease severity 

and target organ. 

Cell delivery was performed under image guidance using one of the following approaches: 

Intravenous infusion  

Intramuscular injection  

Intra-articular injection  

Intrathecal administration  

Local tissue implantation  

Patients were observed for 24 hours following transplantation for immediate adverse reactions. 

Clinical Evaluation 

Patients were evaluated at baseline and at 1, 3, 6, and 12 months after treatment. 

Primary outcome measures included: 

Functional recovery  

Organ-specific clinical improvement  

Quality-of-life assessment  

Safety profile  

Secondary outcome measures included: 

Laboratory biomarkers  

Inflammatory cytokine levels  
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Imaging findings  

Regenerative tissue response  

Hospitalization rate  

Disease progression  

Laboratory Investigations 

Blood samples were collected during each follow-up visit. 

Measured biomarkers included: 

Complete blood count  

C-reactive protein  

Interleukin-6  

Tumor necrosis factor-α  

Vascular endothelial growth factor  

Transforming growth factor-β  

Lactate dehydrogenase  

Oxidative stress markers  

Organ-specific biochemical markers  

Imaging Assessment 

Disease-specific imaging studies were independently reviewed by two blinded radiologists. 

Depending on clinical indication, imaging included: 

Magnetic resonance imaging  

Computed tomography  

Ultrasonography  

Echocardiography  

Positron emission tomography  

Radiological improvement was assessed using validated international scoring systems. 

Safety Assessment 

All adverse events were recorded throughout the study period according to the Common 

Terminology Criteria for Adverse Events (CTCAE version 5.0). 

Safety monitoring included: 

Allergic reactions  

Immune-mediated complications  

Infection  

Tumor formation  

Arrhythmias  

Organ dysfunction  

Mortality  

An independent Data Safety Monitoring Board reviewed all serious adverse events. 
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Statistical Analysis 

Data were analyzed using IBM SPSS Statistics version 29.0 (IBM Corp., Armonk, NY, USA). 

Continuous variables are presented as mean ± standard deviation or median (interquartile range), 

while categorical variables are expressed as frequencies and percentages. 

Between-group comparisons were performed using: 

Independent Student's t-test  

Mann–Whitney U test  

Chi-square test  

Fisher's exact test  

Repeated measurements were analyzed using repeated-measures ANOVA with Bonferroni post 

hoc correction. 

Multivariate logistic regression was used to identify independent predictors of favorable clinical 

response. 

Kaplan–Meier survival analysis with the log-rank test was performed for time-to-event outcomes. 

A two-sided P value <0.05 was considered statistically significant. 

RESULTS 

Patient Enrollment and Baseline Characteristics 

During the study period, 128 patients were screened for eligibility. Twenty-six patients were 

excluded due to failure to meet the inclusion criteria (n = 18), withdrawal of consent (n = 5), or 

incomplete baseline evaluation (n = 3). Consequently, 102 patients were enrolled and completed 

the study protocol. The study population comprised 58 males (56.9%) and 44 females (43.1%), 

with a mean age of 51.8 ± 12.4 years (range: 21–69 years). Baseline demographic and clinical 

characteristics are summarized in Table 1. No statistically significant differences were observed in 

baseline laboratory parameters between disease subgroups (P > 0.05). 
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Figure 1. Flow diagram of patient recruitment and study follow-up. 

 

 

Table 1. Baseline Characteristics of Study Participants (n = 102) 

Variable Value 

Age (years) 51.8 ± 12.4 

Male 58 (56.9%) 

Female 44 (43.1%) 

BMI (kg/m²) 27.4 ± 4.6 

Hypertension 47 (46.1%) 

Diabetes Mellitus 38 (37.3%) 

Smoking History 29 (28.4%) 

Duration of Disease (years) 5.7 ± 2.3 
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iPSC Generation and Quality Assessment 

Autologous iPSC lines were successfully generated from 98 of 102 patients (96.1%). Four 

samples failed quality control because of insufficient reprogramming efficiency. 

All clinically approved cell lines demonstrated: 

Cell viability >95%  

Negative sterility cultures  

Negative mycoplasma testing  

Normal karyotype  

Positive expression of OCT4, NANOG, SOX2, TRA-1-60, and SSEA-4  

The average reprogramming efficiency was 0.92 ± 0.18%. 

Clinical Outcomes 

Significant clinical improvement was observed during the 12-month follow-up period. 

The mean disease-specific functional score improved from 46.8 ± 8.9 at baseline to 71.4 ± 10.6 at 

12 months (P < 0.001). 

Quality-of-life scores also improved significantly, increasing from 52.3 ± 11.7 to 78.6 ± 9.8 (P < 

0.001). 

Hospital admissions decreased by 41% during follow-up compared with the year preceding 

treatment. 

 

Figure 2. Changes in functional recovery scores during 12 months of follow-up. 
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Table 2. Clinical Outcomes Following iPSC Therapy 

Outcome Baseline 12 Months P-value 

Functional Score 46.8 ± 8.9 71.4 ± 10.6 <0.001 

Quality-of-Life Score 52.3 ± 11.7 78.6 ± 9.8 <0.001 

CRP (mg/L) 11.6 ± 4.3 5.1 ± 2.4 <0.001 

IL-6 (pg/mL) 18.9 ± 6.7 9.3 ± 4.1 <0.001 

TNF-α (pg/mL) 22.5 ± 5.8 13.6 ± 4.7 <0.001 

 

Laboratory Biomarkers 

Inflammatory biomarkers demonstrated significant reductions following treatment. 

Mean CRP levels decreased by 56.0%, while serum IL-6 and TNF-α concentrations decreased by 

50.8% and 39.6%, respectively (all P < 0.001), Figure 3. 

VEGF concentrations increased significantly during follow-up, indicating enhanced angiogenic 

activity (P = 0.002). 

 

 

Figure 3. Reduction of inflammatory biomarkers following iPSC therapy. 
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Imaging Evaluation 

Serial imaging demonstrated objective tissue regeneration in the majority of patients. 

At 12 months: 

72 patients (70.6%) showed marked radiological improvement.  

21 patients (20.6%) demonstrated partial improvement.  

9 patients (8.8%) remained clinically stable.  

No radiological evidence of abnormal tissue proliferation or neoplastic transformation was 

identified. 

Safety Outcomes 

No treatment-related mortality occurred during the study. A total of 15 adverse events (14.7%) 

were recorded. Most adverse events were mild or moderate, Table 3. 

Table 3. Safety Outcomes 

Adverse Event Number (%) 

Local injection-site pain 6 (5.9%) 

Mild fever 4 (3.9%) 

Headache 3 (2.9%) 

Transient fatigue 2 (2.0%) 

No patient developed:  

Tumor formation  

Severe immune rejection  

Opportunistic infection  

Life-threatening complications  

 

Predictors of Clinical Improvement 

Multivariate logistic regression identified: 

Younger age (<55 years)  

Higher baseline cell viability  

Shorter disease duration  

as independent predictors of favorable therapeutic response. 

Patients younger than 55 years were significantly more likely to achieve substantial functional 

improvement (adjusted OR 2.84, 95% CI 1.36–5.92, P = 0.004). 

Overall Clinical Response 

At the end of the study: 

Excellent response: 39 patients (38.2%)  

Good response: 43 patients (42.2%)  

Moderate response: 15 patients (14.7%)  

Poor response: 5 patients (4.9%)  

The overall clinical response rate was 80.4%. 
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DISCUSSION 

    The present multicenter prospective study evaluated the clinical feasibility, safety, and 

regenerative efficacy of autologous induced pluripotent stem cell (iPSC)-based therapy in patients 

with chronic degenerative diseases. The principal findings demonstrated that iPSC-derived cellular 

therapy was associated with significant improvements in functional recovery, substantial 

reductions in systemic inflammatory biomarkers, and a favorable safety profile during the 12-

month follow-up period. Collectively, these findings support the growing clinical potential of 

patient-specific iPSC technology as an emerging regenerative strategy while highlighting important 

considerations for its broader clinical translation [14-19]. 

    One of the most notable observations in the present study was the progressive improvement in 

functional recovery scores throughout the follow-up period. Functional outcomes improved 

consistently from baseline to 12 months, suggesting that regenerative mechanisms initiated by 

transplanted iPSC-derived cells continue beyond the immediate post-treatment phase [20]. These 

improvements are likely attributable to multiple biological processes, including cellular 

replacement, secretion of trophic factors, stimulation of endogenous stem cell niches, angiogenesis, 

modulation of extracellular matrix remodeling, and attenuation of chronic inflammation [21]. The 

gradual nature of clinical recovery observed in our cohort is consistent with the concept that 

regenerative therapies primarily promote tissue remodeling rather than immediate restoration of 

organ function [22]. 

    Inflammation represents one of the major pathological mechanisms limiting tissue repair in 

chronic degenerative diseases. In the present investigation, significant reductions in C-reactive 

protein, interleukin-6, and tumor necrosis factor-α were observed following iPSC therapy. These 

findings indicate that the therapeutic benefits of iPSC-derived cells extend beyond structural 

regeneration and include important immunomodulatory effects [23]. Previous experimental 

investigations have demonstrated that pluripotent stem cell-derived progenitor cells can alter 

macrophage polarization, suppress pro-inflammatory cytokine production, reduce oxidative stress, 

and promote anti-inflammatory signaling pathways [24]. The reduction in inflammatory 

biomarkers observed in our patients supports these proposed mechanisms and may partially explain 

the sustained clinical improvements documented during long-term follow-up [25]. 

    The successful generation of clinically suitable autologous iPSC lines in more than 96% of 

enrolled patients further demonstrates the feasibility of implementing personalized regenerative 

medicine within a tertiary healthcare environment. Advances in non-integrating reprogramming 

technologies, Good Manufacturing Practice (GMP)-compliant culture systems, and standardized 

quality-control procedures have substantially improved the safety profile of iPSC-derived cellular 

products [26]. Rigorous characterization of cellular identity, genomic stability, sterility, and 

differentiation efficiency remains essential before clinical administration, and our study 

incorporated comprehensive quality-control measures to minimize potential risks associated with 

stem cell transplantation [27]. 

    Safety remains one of the most important concerns in clinical stem cell therapy. Importantly, no 

treatment-related mortality, tumor formation, severe immune rejection, or unexpected serious 

adverse events were observed during the study period. Most adverse events were mild, transient, 
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and resolved without permanent clinical consequences. These findings are encouraging because 

tumorigenicity and genomic instability have historically represented major barriers to the clinical 

implementation of pluripotent stem cell technologies. Although the present results support the 

short-term safety of autologous iPSC therapy, continued long-term surveillance remains essential 

to evaluate delayed complications that may emerge after extended follow-up [28-36]. 

    An additional strength of this investigation was its prospective multicenter design, which 

enhances the generalizability of the findings across different clinical settings. Conducting the study 

at multiple tertiary institutions reduced the likelihood of center-specific bias while increasing the 

diversity of patient characteristics. Furthermore, standardized treatment protocols, predefined 

eligibility criteria, uniform laboratory procedures, centralized quality control, and systematic 

follow-up assessments improved methodological consistency throughout the study [37]. 

    Despite these encouraging findings, several limitations should be acknowledged. First, the study 

was observational rather than randomized, which limits the ability to establish definitive causal 

relationships between iPSC therapy and clinical outcomes. Second, the sample size, although 

adequate for preliminary evaluation, may not fully represent the heterogeneous spectrum of chronic 

degenerative diseases encountered in routine clinical practice. Third, the follow-up period of 12 

months provides valuable short-term outcome data but does not fully address long-term durability 

of therapeutic benefit or delayed safety concerns. Finally, disease-specific analyses were beyond 

the scope of the present investigation and warrant future evaluation in larger randomized controlled 

trials [38]. 

    The new research should focus on optimizing differentiation protocols, improving 

manufacturing scalability, integrating gene-editing technologies with autologous iPSC platforms, 

and identifying predictive biomarkers associated with therapeutic response [39]. The application of 

artificial intelligence, single-cell transcriptomics, spatial omics, and advanced molecular imaging 

may further improve patient selection and facilitate personalized regenerative treatment strategies. 

In addition, international multicenter randomized clinical trials with extended follow-up will be 

essential to establish standardized clinical guidelines and regulatory frameworks for the widespread 

implementation of iPSC-based regenerative therapies. 

CONCLUSIONS 

The present study demonstrates that autologous induced pluripotent stem cell-derived therapy is 

feasible, clinically effective, and well tolerated in patients with chronic degenerative diseases. 

Significant improvements in functional recovery accompanied by marked reductions in 

inflammatory biomarkers support the regenerative and immunomodulatory potential of iPSC-based 

interventions. Although additional large-scale randomized studies with prolonged follow-up are 

required, the current findings provide further evidence supporting the continued clinical translation 

of induced pluripotent stem cells as a promising therapeutic platform in regenerative medicine.  
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