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A 59 years old man in China has become the first patient to receive functional autologous islet tissue
differentiated from inducible pluripotent stem cells (iPSC) [1]. In a previous case, injecting a poorly
differentiated autologous iPSC product into the deltoid muscle led to a malignant teratoma [2]
hampering proper evaluation due to insufficient information.
Wou et al reported on their proof-of-concept and safety study on 30th April 2024, in Cell Discovery
[1]. The authors explore the use of endoderm stem cell lines [3] established from the patient’s own
peripheral blood mononuclear cells to generate islet tissues (E-islets) in vitro to treat a patient
diagnosed with type 2 diabetes (T2D) 25 years ago. The patient had previously received a kidney
transplant due to end-stage diabetic nephropathy, which required systemic immunosuppressive
drugs to prevent rejection. A previously published protocol was used for in vitro differentiation of
iPSCs into fully functional insulin producing islet cells [3]. A clinical dose defined as 1.2 x 10° IEQs
was transplanted intraportally according to the established allogeneic islet transplant procedure [4]
with a follow up of glycemic targets, reduction of exogenous insulin, and levels of fasting and meal-
stimulated circulating C-peptide/insulin post transplantation. The present study suggests that stem
cell-derived islet tissues could effectively restore islet function in a late-stage T2D patient.
Additionally, the graft was well-tolerated with no instances of tumor formation or severe
adverse events linked to the transplantation.
The novelty of this work lies in four key aspects: 1) the choice of iPSC to generate islets, as opposed
, to embryonic stem cells used in previously published clinical trials; 2) the utilization of an
News intermediate clinical grade cell line of endoderm stem cells (EnSCs) to facilitate non-
& Views tumorigenic, consistent, large-scale manufacture of the E-islets; 3) the use of autologous, patient-
OPEN ACCESS derived stem cells, and 4) the transplantation of a patient with type T2D. The use of human iPSCs as
starting material is rapidly emerging and iPSCs have recently become a trusted autologous cell source
*Correspondence that could be implemented for the treatment of Parkinson’s disease [5], macular degeneration [6],
Hanne Scholz, and MSC-based therapy for steroid-resistant acute graft versus host disease [7]. We applaud the team
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that there are several weaknesses that should be addressed.
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cells (almost half of the sequenced cells), which is not concordant
with the characterization of E-islets by flow cytometry.

A real clinically relevant potency assay is one of the most
challenging aspect to achieve for the new wave of biological drugs,
also known as advanced therapy medicinal products (ATMPs) [9].
The authors selected a static stimulated insulin secretion assays that is
a robust assay for primary human islets, but without any known
sensitivity to distinguished quality control for stem cell derived islet
like cells [10]. In vivo diabetic transplantation model was selected to
determine the functionality and immunogenicity of the cells prior to
transplantation. Although the authors created both a humanized
mouse model using patient-specific blood mononuclear cells and
non-human primates to study reversal of diabetes by E-islets, it is
difficult to draw definitive conclusions about the function of these
islets given the low number of mice used, pre-transplant blood sugar
levels <400 mg/dL [11], lack of complete characterization of
explanted grafts and short follow-up [12].

The advantage of using autologous iPSCs generated from a
patient’s somatic cell is to obtain patient-specific fully major
histocompatibility complex (MHC) match. However, derivatives
of autologous iPSCs have been shown to be rejected due to
neoantigens that arise during in vitro cell manipulations and
expansion, thereby questioning their immune-evasive potential
[13]. The present study uses an autologous approach but since the
recipient was already on immunosuppression due to the kidney
transplant, this completely masks the immunological response to
the autologous tissue, making this setting a wasted opportunity to
answer an important question in the field.

Recent advances in differentiation protocols carefully
developed over the past decades, represent one of the greatest
achievements in the field. However most published protocols
have been evaluated by a mixture of pluripotent stem cells
generated from embryonic or reprogramming somatic cells
into iPSC which makes it difficult to judge the impact on the
differentiation. The field is still too young to declare the
superiority of one strategy over the other [14].

Using the human islet equivalent number (IEQ) calculation for
the dose selection of the stem-cell-derived islet cells is not accurate.
The authors use the primary human islets volume-based method to
estimate the number of E-islets but human islets are spherical
structures ranging in size from 91 to 290 pm in diameter [15]. In
contrast, the E-islets exhibit a uniform morphology consisting of
smaller islet cells (one hundred um), which impacts the tissue
volume. Therefore, we advocate for reporting the clinical doses
based on single cell counts using validated methods before allowing
for 3D generation prior to transplantation.

One of the strengths of the paper is the thorough and
comprehensive analysis of the safety of stem-derived cells, and
it is hoped that this will serve as a reference for future studies.

From the clinical point of view, the outcome of the endoderm
stem cell-derived islet tissue transplantation is challenging to fully
assess due to several key factors.

First, the definition of T2D in this context raises several
questions. The early onset of the disease at 24 years of age is
atypical for classic type 2 diabetes, which is more commonly
diagnosed in older adults. Furthermore, the absence of precise
information about the patient’s previous medical history,
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including details such as family history, weight, insulin
resistance, C-peptide levels, and autoimmunity at the time of
disease onset, makes the classification of this case as T2D labile.
This is especially concerning when considering the metabolic
features of the patient in comparison to other cohorts of
individuals with T2D (Figure 1) [16-18]. This diagnostic
uncertainty is a common challenge encountered also in the
context of pancreas transplantation for presumed T2D [19]. In
such cases, the absence of comprehensive baseline data can pose
challenges in accurately distinguishing T2D from other forms of
the disease, including genetic subtypes like MODY or LADA.

Secondly, despite the patient being described as having “poor
glycemic control,” the reported data does not support this
characterization and raises some ethical concerns. In fact, all the
metabolic parameters of glucose control at baseline appear to be well
within the target range, considering the current clinical goals [20].
This discrepancy raises doubts about the risk-benefit balance of the
stem cell-derived islet tissue transplantation approach. Given the
patient’s stable glycemic control, alternative strategies could
potentially achieve similar or even better outcomes without the
risks and complications associated with a “first in man” experimental
procedure. Such alternative approaches could include optimizing
insulin dose titration or exploring the use of SGLT-2 inhibitors or
GLP-1 agonists, which have demonstrated efficacy in the
management of type 2 diabetes. Moreover,
islet allotransplantation is a well-established procedure for
patients having a kidney transplantation [21] and has been
translated from an experimental procedure into a validated
therapy during 25 years of research contribution [22]. In this
context, pending the real need, the islet after kidney
transplantation strategy should have been the first option
considered as a potentially less risky alternative for this patient.

It is also difficult to distinguish the contribution of the
transplanted tissue to the clinical outcome during the follow-up
period. Residual function before the infusion was quite substantial
with a 2 nmol/L C-peptide. Overall, there is a discrepancy in the
early results with insulin independence achieved by 12 weeks,
despite glucose levels remaining as high as before the transplant,
and C-peptide levels at 12 weeks showing minimal difference
compared to before the transplant. Significant clinical impact on
glucose variability is also reported within 12 weeks, and even within
2 weeks after tissue infusion. However, this immediate
improvement is not accompanied by a corresponding significant
increase in C-peptide AUC or a decrease in glycated hemoglobin.
This suggests that other factors may have influenced the outcomes,
such as trial effects, changes in timing and carbohydrate intake [23]
(as indicated by early-phase gastrointestinal disturbances and a
5 kg weight loss), or simply the reduction or suspension of insulin
treatment. More congruent appears the improvement of insulin
secretion and the improved glucose control in the following weeks,
even if it is not possible to distinguish the endogenous contribution
and any other potential confounding factors, such as the reported
tapered drug administration of tacrolimus.

In conclusion, the field of stem-cell research are making
substantial scientific advancements in developing a new
generation of iPSCs as an unlimited source for generating cell
types such as pancreatic beta cells and/or islet cells. Maintaining
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Case report Healthy T1D onset T2D T2D T2D T2D
o - [ | A o o o ®
n Single case report 20 9 12 110 113 10
Reference 1) Unpublished 2) 3) 3) 4)
Ethnicity Asian (China) Caucasian (Italy) Asian (China)
Age 59 38.8+7.8 27.848.3 50.248.5 55.3+8.7 56.6+7.7 63.1+2.5
Gender M/F 1/0 12/8 5/4 6/6 not reported not reported 8/2
Diabetes duration (yrs) 25 0 0.7340.5 3.1(24-57) |2.64+4 29439 2.140.8
Insulin treatment yes no ye no no no 6/10
Oral hypoglycaemic yes No no 7/12 110/110 113/113 4/10
1. Wu J, Li T, Guo M, Ji J, Meng X, Fu T, et al. Treating a type 2 diabetic patient with impaired pancreatic islet function by personalized endoderm stem
cell-derived islet tissue. Cell Discov 2024; 10: 45.
2 Jiang H, Pang S, Zhang Y, Yu T, Liu M, Deng H, et al. A phase 1b randomised controlled trial of a glucagon-like peptide-1 and glucagon receptor dual
agonist IBI362 (LY3305677) in Chinese patients with type 2 diabetes. Nat Commun 2022; 13: 3613.
3. LiJ, Tian H, Li Q, Wang N, Wu T, Liu Y, et al. Improvement of insulin sensitivity and beta-cell function by nateglinide and repaglinide in type 2 diabetic
patients - a randomized controlled double-blind and double-dummy multicentre clinical trial. Diabetes Obes Metab 2007; 9: 558-565.
4. Bao J, Liu D, Sun J, Su X, Cheng H, Qi L, et al. Pancreatic cancer-associated diabetes mellitus is characterized by reduced f-cell secretory capacity,
rather than insulin resistance. Diabetes Research and Clinical Practice 2022; 185: 109223.
FIGURE 1 | Summary of metabolic features: stem-cell-derived islet cells transplantation vs T1D and T2D Cohorts. The figure summarizes the metabolic
characteristics of the patient who received autologous islet tissue differentiated from induced pluripotent stem cells, in comparison with cohorts of individuals with type
1 diabetes (T1D) and type 2 diabetes (T2D). The data points for the case report patient are represented by the red circle, with four descriptive time points provided: 1)
baseline; 2) mean value between baseline and 12 weeks (still on insulin treatment); 3) mean value between 12 and 52 weeks (still on antidiabetic treatment; 4) mean
value after discontinuation of any diabetic treatment. For reference, data from healthy adults or T1D patients within the first year of onset followed at Ospedale San
Raffaele in Milan are shown in blue symbols, and four cohorts of Chinese T2D patients reported in the literature are represented by green symbols. The table
accompanying the figure provides the characteristics of the different cohorts.

optimism is encouraged. However, it remains unclear from the
present study whether islet tissue generated from autologous stem
cells is an efficient beta cell replacement therapy and if the
immunogenic profile of autologous EnSCs used to generate
E-islets triggers immune responses. Nevertheless, we believe
that cell therapy has the potential to provide a markedly
superior alternative to insulin therapy for patients with T1D.
More data will be needed before expanded indications for T2D
can be established.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

HS, VS, and LP drafted the article and revised it critically. All authors
contributed to the article and approved the submitted version.

FUNDING

The authors declare that no financial support was received for the
research, authorship, and/or publication of this article.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Transplant International | Published by Frontiers

July 2024 | Volume 37 | Article 13358



Scholz et al.

REFERENCES

10.

11.

12.

13.

. WuJ,LiT, Guo M, JiJ, Meng X, Fu T, et al. Treating a Type 2 Diabetic Patient

With Impaired Pancreatic Islet Function by Personalized Endoderm Stem
Cell-Derived Islet Tissue. Cell Discov (2024) 10(1):45. doi:10.1038/s41421-024-
00662-3

. Han L, He H, Yang Y, Meng Q, Ye F, Chen G, et al. Distinctive Clinical and

Pathologic Features of Immature Teratomas Arising From Induced
Pluripotent Stem Cell-Derived Beta Cell Injection in a Diabetes Patient.
Stem Cells Dev (2022) 31(5-6):97-101. doi:10.1089/scd.2021.0255

. ChengX, YingL, LuL, Galvao AM, Mills JA, Lin HC, et al. Self-Renewing

Endodermal Progenitor Lines Generated From Human Pluripotent Stem
Cells. Cell Stem Cell (2012) 10(4):371-84. doi:10.1016/j.stem.2012.
02.024

. Hering BJ, Clarke WR, Bridges ND, Eggerman TL, Alejandro R, Bellin MD,

et al. Phase 3 Trial of Transplantation of Human Islets in Type 1 Diabetes
Complicated by Severe Hypoglycemia. Diabetes Care (2016) 39(7):1230-40.
doi:10.2337/dc15-1988

. Schweitzer JS, Song B, Herrington TM, Park TY, Lee N, Ko S, et al

Personalized iPSC-Derived Dopamine Progenitor Cells for Parkinson’s
Disease. N Engl ] Med (2020) 382(20):1926-32. doi:10.1056/NEJMoa1915872

. Mandai M, Kurimoto Y, Takahashi M. Autologous Induced Stem-Cell-

Derived Retinal Cells for Macular Degeneration. N Engl ] Med (2017)
377(8):792-3. doi:10.1056/NEJMc1706274

. Kelly K, Bloor AJC, Griffin JE, Radia R, Yeung DT, Rasko JEJ. Two-Year Safety

Outcomes of iPS Cell-Derived Mesenchymal Stromal Cells in Acute Steroid-
Resistant Graft-Versus-Host Disease. Nat Med (2024) 30:1556-8. d0i:10.1038/
541591-024-02990-z

. Novoa JJ, Westra IM, Steeneveld E, Fonseca Neves N, Arendzen CH, Rajaei B,

et al. Good Manufacturing Practice-Compliant Human Induced Pluripotent
Stem Cells: From Bench to Putative Clinical Products. Cytotherapy (2024)
26(6):556-66. doi:10.1016/j.jcyt.2024.02.021

. Piemonti L, Scholz H, de Jongh D, Kerr-Conte J, van Apeldoorn A, Shaw JAM,

et al. The Relevance of Advanced Therapy Medicinal Products in the Field of
Transplantation and the Need for Academic Research Access: Overcoming
Bottlenecks and Claiming a New Time. Transpl Int (2023) 36:11633. doi:10.
3389/1i.2023.11633

Nano R, Kerr-Conte JA, Scholz H, Engelse M, Karlsson M, Saudek F, et al.
Heterogeneity of Human Pancreatic Islet Isolation Around Europe: Results of
a Survey Study. Transplantation (2020) 104(1):190-6. doi:10.1097/TP.
0000000000002777

Cantarelli E, Citro A, Marzorati S, Melzi R, Scavini M, Piemonti L. Murine
Animal Models for Preclinical Islet Transplantation: No Model Fits All
(Research Purposes). Islets (2013) 5(2):79-86. doi:10.4161/is1.24698

Amato R, Gardin JF, Tooze JA, Cline JM. Organ Weights in Relation to Age
and Sex in Cynomolgus Monkeys (Macaca fascicularis). Toxicol Pathol (2022)
50(5):574-90. doi:10.1177/01926233221088283

Deuse T, Hu X, Agbor-Enoh S, Koch M, Spitzer MH, Gravina A, et al. De Novo
Mutations in Mitochondrial DNA of iPSCs Produce Immunogenic

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Stem Cell-Derived Islet Transplantation

Neoepitopes in Mice and Humans. Nat Biotechnol (2019) 37(10):1137-44.
doi:10.1038/s41587-019-0227-7

Jin W, Jiang W. Stepwise Differentiation of Functional Pancreatic Beta Cells
From Human Pluripotent Stem Cells. Cell Regen (2022) 11(1):24. doi:10.1186/
s13619-022-00125-8

Lehrstrand J, Davies WIL, Hahn M, Korsgren O, Alanentalo T, Ahlgren U.
Iluminating the Complete SS-Cell Mass of the Human Pancreas- Signifying a
New View on the Islets of Langerhans. Nat Commun (2024) 15(1):3318. doi:10.
1038/541467-024-47686-7

Bao J, Liu D, Sun J, Su X, Cheng H, Qi L, et al. Pancreatic Cancer-Associated
Diabetes Mellitus Is Characterized by Reduced B-Cell Secretory Capacity,
rather Than Insulin Resistance. Diabetes Res Clin Pract (2022) 185:109223.
doi:10.1016/j.diabres.2022.109223

Jiang H, Pang S, Zhang Y, Yu T, Liu M, Deng H, et al. A Phase 1b Randomised
Controlled Trial of a Glucagon-Like Peptide-1 and Glucagon Receptor Dual
Agonist IBI362 (LY3305677) in Chinese Patients With Type 2 Diabetes. Nat
Commun (2022) 13(1):3613. doi:10.1038/s41467-022-31328-x

Li J, Tian H, Li Q, Wang N, Wu T, Liu Y, et al. Improvement of Insulin
Sensitivity and Beta-Cell Function by Nateglinide and Repaglinide in Type
2 Diabetic Patients - a Randomized Controlled Double-Blind and Double-
Dummy Multicentre Clinical Trial. Diabetes Obes Metab (2007) 9(4):558-65.
doi:10.1111/.1463-1326.2006.00638.x

Amara D, Hansen KS, Kupiec-Weglinski SA, Braun HJ, Hirose R, Hilton JF,
et al. Pancreas Transplantation for Type 2 Diabetes: A Systematic Review,
Critical Gaps in the Literature, and a Path Forward. Transplantation (2022)
106(10):1916-34. doi:10.1097/TP.0000000000004113

American Diabetes Association Professional Practice Committee. 6. Glycemic
Goals and Hypoglycemia: Standards of Care in Diabetes—2024. Diabetes Care
(2023) 47(Suppl. 1):S111-S125. doi:10.2337/dc24-S006

Kukla A, Ventura-Aguiar P, Cooper M, de Koning EJP, Goodman DJ, Johnson PR,
et al. Transplant Options for Patients With Diabetes and Advanced Kidney Disease:
A Review. Am ] Kidney Dis (2021) 78(3):418-28. doi:10.1053/j.ajkd.2021.02.339
Chetboun M, Drumez E, Ballou C, Maanaoui M, Payne E, Barton F, et al.
Association Between Primary Graft Function and 5-Year Outcomes of Islet
Allogeneic Transplantation in Type 1 Diabetes: A Retrospective, Multicentre,
Observational Cohort Study in 1210 Patients From the Collaborative Islet
Transplant Registry. Lancet Diabetes Endocrinol (2023) 11(6):391-401. doi:10.
1016/S2213-8587(23)00082-7

Trico D, Masoni MC, Baldi S, Cimbalo N, Sacchetta L, Scozzaro MT, et al.
Early Time-Restricted Carbohydrate Consumption vs Conventional Dieting in
Type 2 Diabetes: A Randomised Controlled Trial. Diabetologia (2024) 67(2):
263-74. doi:10.1007/s00125-023-06045-9

Copyright © 2024 Scholz, Sordi and Piemonti. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Transplant International | Published by Frontiers

July 2024 | Volume 37 | Article 13358


https://doi.org/10.1038/s41421-024-00662-3
https://doi.org/10.1038/s41421-024-00662-3
https://doi.org/10.1089/scd.2021.0255
https://doi.org/10.1016/j.stem.2012.02.024
https://doi.org/10.1016/j.stem.2012.02.024
https://doi.org/10.2337/dc15-1988
https://doi.org/10.1056/NEJMoa1915872
https://doi.org/10.1056/NEJMc1706274
https://doi.org/10.1038/s41591-024-02990-z
https://doi.org/10.1038/s41591-024-02990-z
https://doi.org/10.1016/j.jcyt.2024.02.021
https://doi.org/10.3389/ti.2023.11633
https://doi.org/10.3389/ti.2023.11633
https://doi.org/10.1097/TP.0000000000002777
https://doi.org/10.1097/TP.0000000000002777
https://doi.org/10.4161/isl.24698
https://doi.org/10.1177/01926233221088283
https://doi.org/10.1038/s41587-019-0227-7
https://doi.org/10.1186/s13619-022-00125-8
https://doi.org/10.1186/s13619-022-00125-8
https://doi.org/10.1038/s41467-024-47686-7
https://doi.org/10.1038/s41467-024-47686-7
https://doi.org/10.1016/j.diabres.2022.109223
https://doi.org/10.1038/s41467-022-31328-x
https://doi.org/10.1111/j.1463-1326.2006.00638.x
https://doi.org/10.1097/TP.0000000000004113
https://doi.org/10.2337/dc24-S006
https://doi.org/10.1053/j.ajkd.2021.02.339
https://doi.org/10.1016/S2213-8587(23)00082-7
https://doi.org/10.1016/S2213-8587(23)00082-7
https://doi.org/10.1007/s00125-023-06045-9
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Cautious Optimism Warranted for Stem Cell-Derived Islet Transplantation in Type 2 Diabetes
	Data Availability Statement
	Author Contributions
	Funding
	Conflict of Interest
	References


