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Insulin is the only hormone to regulate the metabolism of glucose. Currently, exogenous
insulin administration is the widely-used standard strategy for human diabetes patients.
However, the injection of insulin cannot be a sufficient method to prevent from the
progression of the disease and the development of diabetes complications. Here, we
investigate an efficient strategy, in which we employ human pluoripotent stem cells to
overexpress human insulin or estrogen-related receptor Y (ERRy) gene. Our new method, in
theory, can both repair the damaged tissues and restore the function of human pancreatic f8
cells, and also synthesize and secrete human insulin into the blood, therefore, to decrease
blood glucose levels of the patients via intravenous transplantation. Our preliminary data
revealed that this method not only can efficiently secrete human insulin, reduce
glycosylated haemoglobin levels, but also improve the patient’s health conditions
physically and mentally. Hence, it may have the potential to prevent and eventually to
reverse human diabetic complications. Our reports suggested that this strategy is very
promising for eventually curing human diabetes mellitus.
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INTRODUCTION

Furthermore, to date, no effective therapies are available,
which can prevent from the development of diabetes
complications and restore the diabetes-derived tissue damages

Since the discovery of the glucose reduction function of insulin
in 1922 (Banting et al., 1922), insulin administration is a
widely adopted treatment for diabetes (Minami and Seino,
2013). However, it was found that the only administration of
insulin could not guarantee to keep blood glucose levels within
the narrow physiological range, so that the development of
diabetic complications would inevitably occur subsequently
(Minami and Seino, 2013).
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(Palmer et al., 2015). Therefore, it is urgent to explore better
strategies to cure diabetes efficiently. Although generation of
insulin-producing pancreatic  cells from human embryonic
stem cells (hESCs) and induced pluripotent stem cells
(hiPSCs) in vitro provides great expectations for stem cell
therapy of diabetes (Pagliucaer al, 2014; Yoshihara et al.,
2016), the protocols to generate pancreatic B cell-like cells are
both time-consuming and challenging. More importantly, so
far, there are very few reports for successful treatment of
human diabetes patients are available with this strategy.
Recently, we investigated the efficacies of directly generated
human pluripotent stem cells (dgHPSCs) overexpressing
human estrogen-related receptor y (ERRy) gene for the
treatment of human type 2 diabetes (T2D) (Wang et al., 2018).
Yoshihara et al. found that forced expression of ERRy could
confer hiPSC-derived B-like cells the potential of glucose-
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responsive secretion of insulin in vitro, and could restore the
glucose homeostasis in type 1 diabetes (T1D) mouse models
after transplantation (Yoshihara et al, 2016). It is
demonstrated that human adipose-derived stem cells
(hADSCs) are multipotent stem cells with the potentials to
give rise to osteogenic, adipogenic, myogenic, chondrogenic,
and putative neurogenic cells (Zuk et al., 2002). Moreover,
Sun et al. successfully induced hiPSCs from hADSCs with
lentivirus infection of human Oct4, Sox2, Kif4, and ¢c-MYC
genes (Sun et al, 2009). However, it is commonly accepted
that using oncogene c¢-MYC as an inducing factor is of
potential safety concerns for clinical application of iPSCs.
Besides our previous report (Wang et al, 2018), here, we
investigated another T2D patient treated with our method. We
transduced human insulin (INS) or ERRy gene into dgHPSCs
(termed as dgHPSCs-INS and dgHPSCs-ERRy, respectively)
via lentivirus vectors, and the overexpression of INS and ERRy
endowed dgHPSCs secrete human insulin after infection. After
delivered these dgHPSCs-ERRy or dgHPSCs-INS into this
T2D patient, they can reduce blood glucose (GLU) and
glycosylated haemoglobin (HbAlc) levels effectively. Our
method offered an efficient strategy for T2D with the potential
to prevent the complications of diabetes via human stem cell
therapy.

MATERIALS AND METHODS

Statement of Ethical Approval: The treatments for the
patients and the use of human stem cells were approved by the
Ethics Committee of Interventional Hospital of Shandong Red
Cross Society (Shengjieyi 2003, No. 26) in compliance with
Helsinki Declaration. The Ethics Committee of Interventional
Hospital of Shandong Red Cross Society approved this clinical
study and treatments. The participants provided their written
confirmed consent to participate the clinical study and
treatments. The Ethics Committee of Interventional Hospital of
Shandong Red Cross Society approved this consent procedure.
All the treatments for the patients and use of human stem cells
were performed in accordance with the guidelines established
in Interventional Hospital of Shandong Red Cross Society
approved by the Ethics Committee. After traditional daily
insulin injection, the patient agreed to try the stem cell therapy
with over expression of INS or ERRY in our hospital to control
his blood glucose levels and wanted to restore his physical
conditions and potential complications of T2D, including his
pancreatic B cell functions. The stem cells used in these
clinical treatments are dgHPSCs Line #1 stored at our Stem
Cell Bank. All these stem cells were isolated and proliferated
with the written confirmed consent of the participants and their
parents (Wang et al., 2018).

Patient Case: The patient (designed as patient #2, initials M.
S., male, born at 1965) was first diagnosed as T2D at May 14,
2014 (Table 1) at the Affiliated Hospital of Taishan Medical
College (Taian, Shandong, China). After hospitalization for
about a week with insulin administration and other treatments
(the patient cannot remember the treatment details accurately),
he restored to almost the normal health state and stop treatment
(Table 1). He was decided to accept our stem cell therapy at
August 7 of 2017. Before stem cell transplantation, he
described that his eyes were blurred, and even could not
clearly read the words on his cell phone screen and had the
symptom of prophase cataract. When he was walking, he felt
weak, and got tired easily. His hands were very weak, and even
could not unscrew the caps of mineral water bottles. He always

ate a lot but still had very strong sense of hunger. This patient
is a glutton, he always eat freely as he wants, and never have
his food according to the diet of diabetic patients. Even worse,
he usually wants to drink China wine, almost to drink 200ml
daily, and some times, even gets drunk with approximate 400-
500ml wine.

Cell preparation: The preparation of ADSC-derived
dgHPSCs Line #1 was the same as described in reference
(Wang et al,, 2018).

Lentivirus vector construction, production and infection:
The clinical level third generation lentivirus vectors pWPI/INS
and pWPI/ERRYy were constructed as stated in references [9-
12, 6] from the original vector pWPI/hPLKWT/Neo (Addgene
plasmid #35385) (Visanji et al., 2011). The infection
procedure was described according to previous reports (Wang
et al., 2018; Visanji et al., 2011). The detailed infection format
was stated in Table 2.

dgHPSCs transplantation: The clinical treatment of
dgHPSCs-INS and dgHPSCs-ERRy, and the intravenous
transplantation of the cells were the same as described in
reference (Wang et al., 2018). Each time, approximately 7 x
10" to 1.5 x 10® cells were transplanted into the patient, and the
intervals between transplantations were about 3-7 days,
respectively. Totally, 12 transplantations were performed
(Table 2).

Insulin secretion test: The insulin secreted into cell culture
supernatant was tested via electrochemiluminescence method
performed by Kingmed Diagnostics (Jinan, Shandong
Province, China) (Wang et al., 2018).

Clinical responses and treatment efficacy assessment: The
fasting venous blood glucose (GLU) (Figure 1 and 6), fasting
venous blood insulin (INS) (Figure 2), C-peptide (C-P) (Figure
3) and glycosylated haemoglobin (HbAlc) (Figure 7) were
tested by Affiliated Hospital of Taishan Medical College
(Taian, Shandong, China). The fasting fingertip capillary blood
glucose (FFT-CBG) was monitored daily (Table 3 and 4,
Figure 4 and 5). The subjective symptoms were reported by the
patient during the following-up visit.
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Figure 1. The glucose level changes during glucose challenge test
(07/03/2018). Reference ranges: F-GLU (3.9-6.1mmol/L).
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RESULTS

Both dgHPSCs-INS and dgHPSCs-ERRYy cells can secrete
insulin immediately post infection

It is well established that stable overexpression transgene cell
lines can be efficiently established via lentiviral vector
transduction (Zhang and Wang, 2018). Therefore, it is
predictable that dgHPSCs-INS cells can stably secrete human
insulin into the cell culture supernatant. Our results
demonstrated that dgHPSC-INS cells can secrete human
insulin with the concentration of 11.61ulU/ml (Wang et al.,
2018). In addition, it was reported that forced expression of
ERRYy gene enabled glucose-responsive secretion of human
insulin in vitro, and ERRy is a master regulator of  cell
maturation in vivo (Yoshihara et al., 2016). We also found that
dgHPSCs-ERRy cells can efficiently secrete human insulin in
the supernatant with the concentration of 30.84plU/ml.
Moreover, either dggHPSC-INS or dgHPSCs-ERRy can secrete
C-peptides into the supernatant together with the insulin
secretion, and this phenomenon might be due to the secretion
of insulin and C-peptide simultaneously is the feature of
matured pancreatic B-cells, yet not the pluripotent state stem
cells (Wang et al., 2018; Jones and Hattersley, 2013). To our
knowledge, it is the first demonstration that human pluripotent
stem cells over expressing ERRy can directly produce and
secrete insulin outside the cells without the need to
differentiate into mature pancreatic B cells, and as a result, to
avoid the complicated and time-consuming procedures to make
pancreatic B cells from stem cells for stem cell and gene
therapies for human diabetes (Wang et al., 2018). Therefore,
our strategy using human pluripotent stem cells overexpressing
insulin and ERRy provided a powerful and promising method
for curing human diabetes.

Transplantation of dgHPSCs-INS and dgHPSCs-ERRY can
efficiently decrease the blood glucose levels and HbAlc:
HbAlc is measured primarily to identify the three-month
average plasma glucose concentrations. Therefore, it is more
stable than the values of daily blood glucose tests (Larsen et
al., 1990). The patient was diagnosed with T2D at May 14 of
2014, and the Hb1Ac level was 9.5%. Besides this, the patient
was also with other T2D symptoms, such as abnormal urine
GLU, urine ketone body, and urine proteins levels, etc. (Table
1). After hospitalization with insulin administration and other
treatments, the patient restored to almost the normal health
state and stop treatment (Table 1). Up to August 5 of 2017, the
patient blood glucose levels gradually increased to
approximately 10.5mmol/L (Table 3), and he began to accept
stem cell therapy at August 7 of 2017 (Table 2). Our data
revealed that, after 3 times dgHPSCs-pWPI/INS and 9 times
dgHPSCs-pWPI/ERRYy transplantations (Table 2), without the
exogenous insulin administration, the patient’s daily FFT-CBG
levels decreased gradually from 10.5mmol/L to 6.8mmol/L
during August 5 to November 7 of 2017 (Table 3, Figure 3)
with the first 6 transplantations (Table 2). During January 11 to
February 5 of 2018, the patient accepted the second round of 6
transplantations (Table 2), and his daily FFT-CBG level
decreasing was shown in Table 4 and Figure 5. Because it was
during the Chinese New Year period, the patient had too many
feasts and did not control his diets and eat and drink more than
usually, his FFT-CBG levels decreased not as well as during
August 5 to November 7 of 2017 (Table 3, 4; Figure 4, 5, 6).
Surprisingly, the patient’s HbAlc levels decrease from 9.5% to
7.8% after 12 times transplantations (Table 1; Figure 7).
During our follow-up visits, the patient reported that his daily
FFT-CBG levels were still approximately 7-8 mmol/L to date
(October of 2018). Taken together, our data demonstrated that
transplantations of dgHPSCs-INS and dgHPSCs-ERRy cells

Table 1. Diagnosis of the patient for T2D

Test 14/05/2014 21/05/2014 Reference ranges
HbAlc 9.5 3.0-6.5%

Urine GLU ++ - normal

Urine ketone body + - -

Urine vitamin C + + -

Blood GLU 8.06 3.9-6.1 mmol/L
Total cholesterol 6.23 2.33-5.69 mmol/L
Low density lipoprotein ~ 3.94 2.07-3.30 mmol/L
Apolipoprotein B 1.36 0.6-1.1g/L

Urine protein 39 - 0-30 mg/24hr
Urine volume 3000 1000-1500 ml/24hr
24 hr urine GLU 42.99 0-1.38 mmol/24hr

Table 2. Time table of human stem cell transplantations

Transplantation dates Cell types LV volumes (ml) Cell numbers
07/08/2017 dgHPSCs-pWPI/INS 30 8.4x10’
14/08/2017 dgHPSCs-pWPI/INS 50 1.25x 108
21/08/2017 dgHPSCs-pWPI/INS 50 7.45x 10
28/08/2017 dgHPSCs-pWPI/ERRy 25 7.36 x 10’
04/09/2017 dgHPSCs-pWPI/ERRy 50 9.17 x 10’
11/09/2017 dgHPSCs-pWPI/ERRy 50 1.08 x 10°
11/01/2018 dgHPSCs-pWPI/ERRy 50 9.13 x 107
16/01/2018 dgHPSCs-pWPI/ERRy 50 1.28 x 10°
23/01/2018 dgHPSCs-pWPI/ERRy 50 9.0 x 107
29/01/2018 dgHPSCs-pWPI/ERRy 50 1.12x 108
02/02/2018 dgHPSCs-pWPI/ERRy 50 1.48 x 10
05/02/2018 dgHPSCs-pWPI/ERRy 50 1.35x 10
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Table 3. Daily monitoring of FFT-CBG levels (from 05/08/2017 to 07/11/2017)

Date FFT-CBG Date FFT-CBG Date FFT-CBG
05/08/2017 10.5 09/08/2017 10.0 10/08/2017 10.2
11/08/2017 7.7 12/08/2017 9.0 13/08/2017 10.1
14/08/2017 9.5 15/08/2017 9.7 16/08/2017 10.0
17/08/2017 10.1 18/08/2017 10.8 19/08/2017 8.3
20/08/2017 10.5 21/08/2017 10.1 22/08/2017 8.9
23/08/2017 9.3 24/08/2017 9.7 25/08/2017 8.4
26/08/2017 8.4 27/08/2017 9.3 29/08/2017 7.7
30/08/2017 8.7 31/08/2017 8.1 01/09/2017 6.0
02/09/2017 9.2 03/09/2017 9.0 04/09/2017 7.4
05/09/2017 7.1 06/09/2017 7.2 07/09/2017 7.5
08/09/2017 7.2 09/09/2017 8.1 10/09/2017 6.8
11/09/2017 5.7 12/09/2017 8.0 13/09/2017 8.0
14/09/2017 7.6 15/09/2017 8.1 16/09/2017 7.6
17/09/2017 7.2 18/09/2017 6.3 19/09/2017 5.5
20/09/2017 6.1 21/09/2017 7.1 22/09/2017 6.1
23/09/2017 7.3 24/09/2017 6.1 25/09/2017 5.6
26/09/2017 5.8 27/09/2017 6.2 28/09/2017 6.6
29/09/2017 6.2 30/09/2017 7.2 02/10/2017 7.1
03/10/2017 7.8 05/10/2017 7.1 06/10/2017 7.4
07/10/2017 7.5 08/10/2017 8.2 09/10/2017 7.5
10/10/2017 7.6 11/10/2017 7.7 12/10/2017 7.1
13/10/2017 8.2 14/10/2017 6.3 15/10/2014 6.8
16/10/2017 7.3 17/10/2017 7.1 18/10/2017 8.0
19/10/2017 8.1 20/10/2017 7.8 21/10/2017 7.8
22/10/2017 8.1 23/10/2017 7.6 24/10/2017 7.2
25/10/2017 7.4 27/10/2017 7.7 28/10/2017 7.2
29/10/2017 6.4 31/10/2017 6.6 01/11/2017 7.5
02/11/2017 8.3 03/11/2017 7.0 04/11/2017 7.4
05/11/2017 7.4 07/11/2017 6.8

Table 4. Daily monitoring of FFT-CBG levels (from 07/01/2018 to 06/03/2018)

Date FFT-CBG Date FFT-CBG Date FFT-CBG
07/01/2018 8.6 08/01/2018 8.1 09/01/2018 8.1
10/01/2018 8.3 12/01/2018 9.1 13/01/2018 9.8
14/01/2018 9.1 15/01/2018 7.1 16/01/2018 6.2
17/01/2018 6.6 18/01/2018 7.9 19/01/2018 8.5
20/01/2018 7.6 21/01/2018 8.2 22/01/2018 7.2
23/01/2018 7.8 25/01/2018 8.9 26/01/2018 9.3
27/01/2018 8.1 28/01/2018 9.5 29/01/2018 8.2
30/01/2018 7.3 31/01/2018 9.2 01/02/2018 8.2
02/02/2018 7.8 03/02/2018 7.4 04/02/2018 7.6
05/02/2018 7.2 06/02/2018 7.7 07/02/2018 7.5
08/02/2018 7.3 09/02/2018 7.3 10/02/2018 7.6
11/02/2018 7.5 12/02/2018 7.8 13/02/2018 7.7
14/02/2018 8.1 15/02/2018 7.0 16/02/2018 8.2
17/02/2018 7.9 18/02/2018 7.0 19/02/2018 7.5
20/02/2018 7.8 21/02/2018 7.1 22/02/2018 6.8
24/02/2018 7.7 25/02/2018 7.1 26/02/2018 7.9
27/02/2018 7.2 28/02/2018 7.6 01/03/2018 6.9
02/03/2018 8.2 03/03/2018 7.5 05/03/2018 7.2
06/03/2018 8.5

could decrease blood glucose levels of T2D patients efficiently
even after 7 months of transplantations, and potentially replace
exogenous insulin administration and restore the functions of
the patient’s pancreatic f cells (Wang et al., 2018). As the
patient did not tested his F-INS and F-C-P levels at May 14 of
2014 when he was diagnosed with T2D, we could not compare
the improvements of his pancreatic functions, such as the
insulin and C-peptide secretion and levels in blood. The
patient’s blood GLU, INS and C-P levels during glucose
challenge test were shown in Figures 1, 2 and 3, which was
performed at March 7 of 2018 about one month after the last
stem cell transplantation.

The follow-up visit of the patient: The patient reported that
he had a transient fever after the first 2 transplantations. Before
stem cell transplantation, he described that his eyes were
blurred, and could not clearly read the words on his cell phone
screen and had the symptom of prophase cataract. After the
first transplantation of stem cells, his reported that his got clear
at the second day and gradually became better and better with
subsequent transplantations, which indicated that his prophase
cataract was repaired. Before transplantation, when he was
walking, he felt weak, and got tired -easily. After
transplantations, he felt stronger when he walked, he felt easy
and powerful, even ran half an hour each day after dinner. His
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hands were very weak before transplantation, and even could
not unscrew the caps of mineral water bottles. And after the
transplantations, he felt his hands stronger and easy to
unscrewing the cap of bottles, and the grip strength of his
hands increased obviously. His food intake amount decreased
after transplantations and did not feel hunger, yet before
transplantation, he always felt hunger and eat a lot. As his
long-time hobby, he still usually drinks Chinese wine as
before. In summary, the patient’s overall physical and mental
conditions were improved obviously after the treatments with
dgHPSCs-INS and dgHPSCs-ERRy transplantations (Wang et
al., 2018).

DISCUSSION

Currently, T2D is a world-wide threat to human health, and
among the population of 65 years and older, approximately
25.9% of Americans and 9.3% of other people have diabetes
(Palmer et al., 2015). Besides this, T2D is also a major cause
for premature onset of many age-related diseases such as renal
dysfunction, cardiovascular disease, stroke, impaired wound
healing, infection, depression, and cognitive decline, etc.
(Anderson et al., 2001; Beckman et al, 2002). In 1922,
Banting and his colleagues found that daily exogenous insulin
injection can down-regulate the blood glucose levels and
improve the symptoms of type I diabetes patients (Banting et
al., 1922). Yet, the administration of exogenous insulin is not
sufficient to control blood glucose levels properly and
eventually, various diabetic complications will occur
inevitably, due to daily injection of insulin cannot perfectly
mimic the physiological functions of pancreatic B cells in
regulating blood glucose levels (Minami and Seino, 2013). In
our opinion, to cure TID and T2D mainly contain three
aspects. First of all, we need to down-regulate the blood
glucose levels properly; secondly, we need to repair and
restore the functions of damaged pancreatic B cells; and
thirdly, we need to protect and even reverse various diabetic
complications, and this is the ultimate goal for curing T1D and
T2D. So far, production and transplantation of differentiated
human pancreatic f cells derived from hESCs and hiPSCs have
been reported in animal models, and demonstrated that it is a
promising strategy for treatment of human diabetes (Pagliuca
et al., 2014; Yoshihara et al., 2016). Yet, to our knowledge,
little successful reports for clinically treatment of human
diabetes patients using in vitro differentiated pancreatic B cells
are known till now.

In this study, we employed dgHPSCs as a carrier to over
express human INS and ERRy genes to investigate their roles
in decreasing blood glucose levels and restoring patient’s
pancreatic functions. It is reported that ERRy is a master gene
for B cell maturation and over expression of ERRy in human
iPS cells can force the B-like cell differentiation and make
functional glucose-responsive cells in type 1 diabetic mouse
models (Yoshihara et al., 2016). As reported previously, our
transduced dgHPSCs-ERRY cells could secrete insulin into cell
culture supernatant, and the concentration of secreted insulin in
the supernatant was 30.84ulU/ml, (Wang et al., 2018). On the
other hand, the concentration of insulin secreted by dgHPSCs-
INS cells was 11.61ulU/ml. In both cases, no C-P secretion
was detected in the cell culture supernatant. This phenomenon
might due to the dgHPSCs are in pluripotent state yet not
matured pancreatic § cell state. After transplantations with
dgHPSCs-INS and dgHPSCs-ERRy (Table 2), we found that
the patient’s fasting vein blood glucose levels (Figure 6), FFT-

CBG levels (Table 3 and 4, Figure 4 and 5), and HbAlc values
(Table 1, Figure 7) were decreased continually. As reported
from the patient, his FFT-CBG levels are still maintained
around 7-8 mmol/L to date (October of 2018). Thus,
transplantations of dgHPSCs-INS and dgHPSCs-ERRy cells
could decrease blood glucose levels of T2D patients efficiently
after 7 months of transplantations. Because the patient did not
tested his F-INS and F-C-P levels initially when he was
diagnosed with T2D, we could not compare the improvements
of his pancreatic functions, such as the C-P levels in blood. As
we reported earlier, the transplantation of dgHPSCs-ERRy can
increase the C-P levels of the patient (Wang et al., 2018), we
believe that the C-P of this patient also increases significantly.
More importantly, the patient reported that, after
transplantations, his prophase cataract symptom improved
obviously, and this data indicated that our transplantation
strategy can both decrease blood glucose and HbAlc levels
and repair early stage diabetic complications. Our data
demonstrated that the transplantation of dgHPSCs-INS and
dgHPSCs-ERRYy cells can decrease the blood glucose levels
and HbAlc values, increase the secretion of C-peptide by the
pancreatic 3 cells, which is the hallmark for the improvement
of the B cells functions (Wang et /a., 2018), and furthermore,
probably can protect and reverse early stage diabetic
complications. Although the patient’s blood glucose and
HbAlc levels are still higher than normal range, we believe
that, with more transplantation, it is very promising to
completely restore the normal functions of pancreatic B cells,
effectively cure T2D and possibly prevent and reverse diabetic
complications. As discussed previously (Wang et la., 2018),
there are two milestone works in differentiating hESCs/hiPSCs
into functional pancreatic B cells in vitro (Pagliuca et al., 2014;
Yoshihara et al, 2016). Compared with their works, our
methods have several advantages over them. First of all, our
strategy can directly produce and secrete human insulin into
the patient blood immediately after transplantation, therefore
eliminate the complicated and time-consuming in vitro
differentiation procedure. Secondly, our strategy can decrease
the patient’s blood glucose levels and avoid daily insulin
injection as soon as transplantation. Thirdly, our strategy can
obviousl improve the patient’s conditions physically and
mentally, due to repairing the aged and damaged tissues and
organs, and probably preventing from the formation of diabetic
complications and even reversing the existed complications
potentially. Moreover, in our investigations, we directly
generated human pluripotent stem cells from hADSCs without
any genetic modifications. Thus, our stem cells are much safer
than other reports (Pagliuca et al, 2014; Yoshihara et al.,
2016). Finally, we use our strategy to treat volunteered T2D
patients, rather than animal models. To our knowledge, besides
our previous report (Wang et la., 2018), this is the second
report to use dgHPSCs-INS and dgHPSCs-ERRy for treatment
of human diabetes. It is very hard to describe the physical and
mental improvements of the patients after stem cell
transplantations in words. After transplantations, the patient’s
eye sight improved and the symptom of prophase cataract
decreased. He became more active in his daily life and
performed more exercise including walking and running, and
his muscles became stronger obviously. He ate less than before
and did not feel hunger, indicating that his glucose metabolism
improved. All these beneficial effects indicated the positive
effects of dgHPSCs-INS and dgHPSCs-ERRy stem cell
transplantation. Therefore, our preliminary investigations laid
an important foundation for stem cell therapy for treatment of
human diabetes diseases (Wang et /a., 2018).
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Conclusion

Combined with our former report, this study proved the
following conclusions (Wang et la., 2018):

A. dgHPSCs can be generated directly from HADSCs
without any genetic modifications.

B. Both dgHPSCs-INS and dgHPSCs-ERRy can secrete
human INS immediately after transduction at the
pluripotent state before differentiating into mature
pancreatic f cells.

C. Transplantation of dgHPSCs-INS and dgHPSCs-ERRy
cells can decrease patient’s blood glucose and HbAlc
levels, and replace daily insulin injections.

D. Transplantation of dgHPSCs-INS and dgHPSCs-ERRy
cells can improve the patient’s conditions physically
and mentally.

E. Our strategy potentially can prevent from the
development of diabetic complications and even restore
and reverse the existed complications, such as prophase
cataract.

At September 15 of 1925, Sir Frederick G. Banting in his
Noble Lecture declared that “Insulin is not a cure for diabetes;
it is a treatment.” With our preliminary investigations with
dgHPSCs-INS and dgHPSCs-ERRy cells transplantation, we
circumspectly announced that our strategy might not only be a
treatment, but also a cure of human diabetes potentially
(Banting, 1925).
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