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Abstract

Bariatric or metabolic surgery provides superior 
short and long-term resolution rates in subjects with 
Type-2 Diabetes Mellitus (T2DM) when compared 
to intense medical therapy. These resolution rates are 
more evident for so called “stapling or bypass proce-
dures” such as the Roux-Y Gastric Bypass (RYGB) 
and the bilio-pancreatic diversion (BPD) with duo-
denal switch (DS). A recent meta-analysis demon-
strated that bariatric surgery, specifically RYGB, 
was able to decrease insulin requirements by more 
than 50% in subjects with Type-1 diabetes mellitus 
(T1DM). These results may encourage us to rethink 
the patho-physiologic mechanisms of T1DM and 
elucidate different potential treatment options that 
may result in insulin independence. In contrast to the 
most common T2DM, where β-cell dysfunction and 
insulin resistance play a key role, infusion of adult 
stem cells with immune-modulatory properties may 
be of assistance to restore self-tolerance and β-cell 
mass in T1DM, where autoimmunity is responsible 
for the selective loss of β-cells. Therefore, we propose 
a novel hypothesis were metabolic surgery in combi-
nation with adult stem cell therapy to promote β-cell 
regeneration may result in insulin independence in 
T1DM. To our knowledge and up to date such a hy-
pothesis has not been proposed.

Background

Bariatric surgery is a term that defines a weight loss 
only procedure while metabolic surgery (i.e. diabetes 
surgery), comprises several gastrointestinal procedures 
that are used with the intent to treat diabetes mellitus 

and other metabolic dysfunctions1. Metabolic surgeries 
have historically included procedures such as RYGB, 
Sleeve gastrectomy and BPD with DS. However, in 
the U.S. the RYGB is still considered the preferred 
procedure to treat obese patients with T2DM.

Metabolic surgery has shown greater short and 
long-term resolution rates in subjects with Type-
2 Diabetes Mellitus (T2DM) when compared to 
intense medical therapy in several prospective 
randomized clinical trials2-4. A meta-analysis by 
Ashrafian et al. demonstrated that RYGB was able 
to reduce insulin requirements by more than 50% 
in Type-1 diabetes mellitus (T1DM)5.

Up to date, very few of the proposed mechanisms 
of resolution of T2DM after metabolic surgery in obese 
subjects have been elucidated. Therefore, it is intuitive 
to generalize some of these mechanistic pathways to 
other types of diabetes with a very different underlying 
patho-physiology such as T1DM. The significant 
metabolic results obtained with metabolic surgery 
should not be ignored as well as the benefits of 
intestinal bypass reconstructions on insulin sensitivity 
and pancreatic β-cell function that leads to insulin 
independence and the long-term remission of T2DM. 

Hypothesis

Metabolic surgery (Roux-Y gastric bypass) in 
conjunction with intraperitoneal implantation of 
Adult Stem Cells to promote β-cell regeneration 
may provide insulin independence in T1DM 
(METASTEM study).

Basis of the Hypothesis

Type-2 diabetes is commonly associated with severe 
obesity. The main patho-physiologic characteristics 
of T2DM are peripheral insulin-resistance with 
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can occur at any age throughout adulthood. It is also 
possible that a small percentage of obese patients are 
mislabeled as T2DM when in reality they belong to 
the T1DM spectrum, with associated severe obesity 
and may present with clinical manifestations of 
both diabetes types (i.e. auto-antibodies, insulin 
resistance and insulin dependence).

The evidence regarding the effects of Metabolic 
Surgery on T1DM is not well documented and it is 
limited to few case reports and small case series11,12. 
Nevertheless, in a recent meta-analysis involving 27 
studies and 142 T1DM patients undergoing mainly 
RYGB, metabolic surgery provided significant 
reductions in insulin requirements by 50% or more, 
as well as significant decreases in HgA1c and 
body mass index5. In addition, metabolic surgery 
also provided significant improvements in blood 
pressure and lipid profile in patients with T1DM. 

These improvements in insulin requirements 
cannot be explained if the pathophysiology of 
T1DM is exclusively autoimmune in nature, with 
complete β-cell destruction, as Metabolic Surgery 

progressive pancreatic β-cell loss, which may result 
in insulin dependence. A lipocentric theory has 
described this insulin resistance and β-cell loss, as 
being secondary to the metabolic trauma caused by 
ectopic multi-organ lipid deposition or lipotoxicity 
that results during severe obesity states6.

In recent years, metabolic surgery has shown to 
effectively provide short and long-term remission 
of T2DM in obese individuals and has proven 
superior to intense medical therapy2-4. However, 
the results of metabolic surgery on T1DM are still 
scarce. Several hypotheses have supported the 
use of the RYGB procedure, in which a complete 
duodenal-jejunal exclusion is performed7. In 
T2DM patients, the exclusion of the duodenum 
and proximal jejunum has been shown to provide 
enhanced incretin and anti-incretin effects with 
improvements in both insulin sensitivity and 
pancreatic β-cell function8. 

Various types of intestinal reconstructions in 
metabolic surgery have proven effective in the 
treatment of non-obese and mildly obese patients 
with T2DM. The duodeno-jejunal exclusion that 
explains in part the T2DM remission after RYGB 
Metabolic Surgery could be extrapolated to T1DM. 
An elongated bilio-pancreatic limb reconstruction 
may be able to further augment this incretin activity 
and β-cell trophic factors (mainly by GLP-1, GIP 
and PYY effects). 

We have previously proposed that the key 
component of this RYGB metabolic surgery is the 
lengthening of the bilio-pancreatic limb and not 
the alimentary limb (a 150-150 cm reconstruction 
respectively)9 (Figure 1). The incretin effects of 
this elongated bilio-pancreatic limb RYGB may 
explain in part the existence of a entero-pancreatic 
axis as described by Kamvissi et al8. There may 
be other various hormonal or paracrine pathways 
involved that still need to be elucidated. We have 
also previously demonstrated that this type of 
anatomic reconstruction RYGB is capable of 
providing remission and insulin independence in 
pancreatogenic diabetes after subtotal pancreate-
ctomy10.

On the other hand, T1DM is a disease 
characterized by the autoimmune destruction of 
insulin producing β-cells. The disease spectrum 
encompasses a series of autoantibodies directed 
toward the islet cells, followed by T cell mediated 
β-cell destruction and insulin dependence. T1DM 
is more frequent in childhood and adolescents but 

Figure 1. Roux-Y gastric bypass reconstruction.
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the FDA has approved many autologous adult 
MSCs for other clinical indications. The most 
commonly MSCs procured are those from bone 
marrow, adipocyte tissues, umbilical cord, and 
placenta, among others. 

Adult MSCs have immune-modulatory 
properties that are capable of impairing the immune 
dysregulation that leads to insulin producing cells 
destruction in T1DM. Mesenchymal stem cells 
have also been found to secrete anti-inflammatory 
cytokines in diabetic conditions and have other 
immune-modulatory therapeutic applications. They 
also have regenerative and reparative properties 
that make them potential candidates to regenerate 
insulin-producing cells. Furthermore, transplanted 
MSCs in T1DM patients without immunotherapy 
have been shown to improve metabolic function15. 
Cotransplanted MSCs have also been shown to 
contribute to the regeneration of insulin-producing 
pancreatic cells. Most of the recent approaches 
successfully differentiated MSCs along the 
insulin-producing cells lineage and have reversed 
hyperglycemia in vivo. The ideal MSCs donor 
and implantations sites that will be able to yield 
and sustain insulin-producing cells have yet to be 
determined. 

Evaluation of Hypothesis

It is now known that metabolic surgery has 
the potential to significantly decrease insulin 
requirements in T1DM. Hence, metabolic surgery 
and stem cells should be considered as part of a multi-
modal treatment algorithm for T1DM treatments. 
This protocol requires a multidisciplinary team 
approach and infrastructure including metabolic 
surgeons, endocrinologists, immunologists, and 
regenerative medicine specialists. 

In the METASTEM protocol, adult and non-obese 
patients with a diagnosis of T1DM will undergo RYGB 
as Metabolic Surgery with 150 cm alimentary and bilio-
pancreatic limbs respectively. Approximately 6 months 
after metabolic surgery when insulin requirements 
have decreased significantly, patients will undergo 
bone marrow harvesting for stem cell procurement and 
processing through a U.S. Patent Pending process. This 
time interval will allow optimization of the patient’s 
metabolic profile (i.e. insulin and glucose toxicity), 
which may improve the MSCs chances of survival. 
Stem cells will then be implanted intraperitoneal 
within the liver and pancreatic beds, root of mesentery 
and omentum with a biodegradable scaffold and under 

has been linked not only with improvements in 
insulin sensitivity and β-cell function but with 
β-cell regeneration, hyperplasia, anti-inflammatory 
and immunomodulatory mechanisms that could 
improve autoimmune conditions. Furthermore, 
there is evidence that a number of T1DM patients 
are in reality insulin micro-secretors and still 
have functional β-cells that may be amenable to 
stimulation and regeneration. It is possible that all 
these variables may play a role in T1DM following 
metabolic surgery, and could be of assistance 
to explain the significant decrease in insulin 
requirements observed following surgery. 

The beneficial effects of metabolic surgery on 
T1DM should encourage the rethinking of a new 
paradigm regarding the patho-physiology and 
treatments for T1DM. Hence, metabolic surgery 
may become in the future part of the armamentarium 
as a multi-modal strategy for treatment of T1DM. 
This multi-modal approach should address issues 
inherent to T1DM such as immunomodulation and 
the scarcity and functional integrity of β-cell mass. 

Great strides have been made in the area of 
islet cell transplantation however the long-term 
survival of these allografts has been discouraging 
not to mention high related costs, long term 
immunosuppression and shortages in donor 
pancreas13. Most recently, Ricordi and collaborators 
reported a successful extrahepatic allogeneic islet 
cell implantation with a biologic 3D scaffold in 
the omentum, which could result in improved islet 
transplant outcomes14.

The area of stem cell regeneration therapy with 
autologous adult mesenchymal stem cells (MSCs) 
opens a new horizon for immunomodulation and 
pancreatic cell regeneration, which may address 
the much-needed pieces in the puzzle of T1DM 
treatment. 

Several advances in stem cell therapy have been 
attained with autologous adult stem cell types. 
Stem cells are pluripotent cells of mesenchymal 
origin that have the potential to differentiate, 
when properly stimulated, into different cell lines 
including endodermic pancreatic β-cells lines and 
clusters. Autologous adult stem cells offer several 
advantages over embryonic ones including lack of 
immunohistocompatibility issues or graft rejection, 
no need for systemic immunosuppression therapy, 
easier procurement, plenty of availability in adult 
donor sites, lower costs and less ethical, religious 
and regulatory approval concerns. Furthermore, 
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direct vision via laparoscopic techniques. Primary 
endpoints will include pre and post-prandial glucose, 
insulin and C-peptide levels. Clinical trials evaluating 
metabolic surgery in combination with MSCs for the 
treatment of T1DM are currently undergoing at our 
Institute.
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