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The “Sodium-glucose co-transporter 1 (SGLT1) Bridge”
As An Indication For “Surgical Diabetes”
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Background

1 Bottleneck constraints: Indications to diabetic surgery

[0 The therapeutic mechanisms on diabetes after Metabolic & Bariatric Surgery(MBS) are not fully

understood
v" The entero-insular axis (EIA) theory is questioned (including our previous studies)
v" The theory of gut - brain - liver axis (GLBA) remains controversial.
v~ SGLT1 plays an important role in the therapeutic mechanisms on diabetes after MBS
+  Glucose absorption mainly depends on SGLT-1, and SGLT-1 is highly expressed in diabetic patients

- The effect of glucagon-like peptode-1(GLP-1) on glucose metabolism cannot well played in the absence of

SGLT1

- MBS regulates the gluconeogenesis pathway that might be mediated by SGLT1



Bottleneck Constraints:

Indications to diabetic surgery

Table 1-Model development studies with their predictors

More than 16 prediction models, up to
2021.

DiaRem and ABCD: the two most widely
validated models to predict diabetes
remission following bariatric surgery.

The most externally validated models were
ABCD and DiaRem. Although the ABCD
and DiaRem models were primarily
developed for predicting diabetes remission
at 1-year follow-up, they have been
validated in studies predicting long-term
diabetes remission.

Prediction model Predictors included

Discrimination {AUQ in model

devebpment studies

Discrimination (AUC) in external validation studies

ABCD; Lee et al (16), 2013
DiaRem; Stll et al. {17], 2014

Age, BMI, C-peptide, and diasbetes duration

Age, HbA;, diabetes medication other than
metformin, and insulin use

BMI, diabetes duration, HbA;, fasting glucose,
and diabetes medication
Age, baseline BMI, diabetes duration,
microvascular comglications, ascular plication, insulin use,

and stimulated Cpeptides

Ad-DiaRem; Aron-Wisnewsky Age, HbAy, insulin use, diabetes medication other than metformin,
et al (34), 2017 number of glucose-lowering agents, and diabetes duration

Robert et al. {31), 2013

DAS; Ugale et al (33), 2014

DiaBetter; Pucdi et al. (35), 2017 HbA,, diabetes duration, and kind of diabetes medication

IMS; Aminian et al. {18), 2017 Number of diabetes medication, insulin use, diabetes duration,
and HbA,

DiaRem2; Still et ol. {36), 2018  Age, HbA,, disbetes medication other than metformin and insulin

use, diabetes duration
Sy-DR (37), 2018 Precperative factors: diabetes duration, no. of medications, HbA,
Postoperative factors: no. of medications, fasting CBG, weight loss,

Iyear remission
Age, HOMA2-8, diabetes duration, and HbA
Insullin, diabetes duration
Insulin use and HbA;.
BMI, diabetes duration, C-peptide

Model 1, age, sex, FG, diabetes duration, insulin
Modd 2: age, sex, FG, diabetes duration, insulin, C-peptide
Modd 3: age, sex, FG, diabetes duration, insulin, % wt loss

Model 4: age, sex, FG, diabetes duration,
insulin, % wt loss, C-peptide
Age, sex, BMI, fasting glycemia, HbA.,
hypertension, disbetes duration, insulin therapy,
number of antidiabetes drugs, C-peptide

Diabetes duration, FPG, use of noninsulin antidiabetes
medications, and use of insulin

MDR (38), 2020

Umemura et al. {39), 2020
Hayes et ol {40}, 2011
Dixon et A, {13), 2013
Ramos-Levi et al, (41), 2014

Cotillard et al. {42), 2015

Stallard et al. (43), 2016

0.792 (0.728-0.856)*
0.840 (0.795-0.836)"

0.950 {0.838-0.992)

NA

0911

0.867 {0.817-0.916)

NA

0.876

0.79 {0.71-0.88)

0865 (0.775-0.954)*

NA
0.90 {0.84-0.95)

0.838 {0.725-0.951)
0.923 {0.852-0.99)
0.923 {0.851-0.996)

0.981 {0.951-1.000)
NA

0.860 {0.763-0.957)

Fig. 24, C, and £
Fg. 28, D, and F

Shen et ol.: 0.681 + 0.056

Ahuja et al: 0.732 {0.633-0.83)

Shen et al. 0.849 £ 0.039, Dicker et al. 0.85 {0.76-0.93),
Kam et ol at 1 year 0.752 0.688-0.308),
Kam et ol. at 3 years 0.794 (0.715-0.860), Sy-DR 84%

Shen et al. 0.826 + 0.041, Xam et al. at 1 year
0.760 {0.697-0.815), Kam et al. at 3 years 0804 (0.726-0.968),

Shen et al. 0849 £ 0.040, Park et al 0.76 {0.685-0.836)*
Chen et al. 0.766 (0.716-0.817)* in GB, Chen et al.
0.599 {0.501-0.697)* in SG, Umemura et dl. 0.516 (0.330-0.702)*

NA
NA
NA
NA

0.632 £ 0099
0.800 + 0.047

0.811 £ 0.047

NA

NA

CBG, capillary blood glucose; FG, fasting glucose; FPG, fasting plasma glucose; GB, gastric bypass; HOMA2-B, HOMA2 of B-cdl function; NA, not availlable; SG, sleeve gastrectomy; wi, weight.

*Calallated by authors of this systematic review.

Diabetes Care. 2021 44(11):2626-41.



Prediction models in diabetic surgery

Table 2—Study ch ristics of model devel. studies Table 2—Continued
Participant characteristics Validation Participant char acteristics Validation
Age BMI Disbetes duration  HbAg Types of A BMI Diabetes duration  HbA,, Types of
Putfication relerence Source of data Groups and numbers {years} {kg/m?) {years) 1%} Dutcomes surgery Presentation VDev ExtV Publication relerence Source of data Groups and numbers {years) {kg/m?) {years) %) Outcomes surgery Presentation V Dev ExtV
ABCD; Lee ot ol Retrospective, N=6317 M, 56 F = 48 {76%), RYGE Scoring system v Y Sy-DR (37), 2018 Retrospective, N =175 F=136 (77.71%) 4834103 47371743 6751653 75416 66{37.7) ot RYGB Scoring system ¥ N
{16}, 2013 Taiwan, multicenter, FU = 1 year France 1 year, 94 (53.7)
2005-2010 at s years,
R 3651107 20.9:89 21437 82118 FU=51407
NR 85477 333474 41445 45414 years
DiaRem; Still et al Retrospective, US, N = 690; 184 M, 506 F n =463 (67%), RYGE Scoring system Y Y
{17) 2014 multicenter, FU = 14 months MOR; Moh et al. (38),  Retrospective, N=114 4619 401 £ 6.6 6 (2-10) 88419 54 (47.4%), RYGB, 5G  Scoring system N N
1 January 2020 Singapore, FU = 1 year
2004-February 2011 2007-2018
Nl {n = 438) 488+103 4.5:80 68112 NA
1{n = 252) 536+89 29.24+838 82+17 NA Umemurs et al. {39), Retrospective, N=49;F=22(409% 4624126 56157 80219 n=38{77.6%), SG Scaring system N N
Robert et al. Retrospective, N=46; M¥=13 453116 495+122 3(IOR20-6421 7444024 DR=628%at1 RYGB(26), Scoring system N Y 2020 Japan, sngle, FU = 1 year
(31} 2013 abservation, France, yearof FU  GB (11), 5G {9} 2008-2018 425164
2007-2010
DRS; Ugale et al. Retrospective, Indla, N =75 49 M, 26 F n = 42 (56%), 56 Scoring system N Y Hayes et al. (40),
(33} 2014 single, 1 February FU = 1-2.5 years 2011 New Zedland, single, N=127;45M, 82 F 4852101 468194 4545 77417 n=107{843%,  RYGB  Logistic regression Y Y
2008-March 2010 1 November FU = 1 year
056 5174133 234145 99143 8.14059 1997-May 2007
oSG 576+ 115 256445 10145 910.78 Dixon o al. (13), Retrospective, N=154; 49 M 05+107 372188 2 (0.5-5.0) 91417 n=107{695%,  RYGB  Logistic regression N Y
Ad-DisRem; Retrospective, N o=213; M 30% n =97 (455%), RYGS Scoring system Y Y 2013 Taiwan, sngle FU = 1 year
Aron-Wisnewsky France, 1999-2014 FU = 1 year
et al {3), 2017 R Levi et al. Spain, N =141;30 M, 81 F 53 437456 5{20-10.00 7.3 (65-84) n=74(52.5%), RYGB, 5G, DS Logistic regression N Y
R 264 10 481474 35438 70411 {a1), 2014 single, 2006-2011 FU = 1 year
NR 5349 45447 111476 84116 Cotlard et al. {47],
e, UX, n =144 (686%), RYGB, SG  Scoring system Al Y 2015 France, sngle N=B4;15M,45F n =50 {59.5%), RYGB  Logistic regression N N
Puedi et al. single, 1 January FU = 2 years FU = 1 year
{35} 2017 2008-December DR {# = 50) 4696 19.14 46931582 3862464 7014103
2015 N=3210 DNR {n = 34) 544741102 4.11662 14214763 8214132
RYGE {107) 516+8 43.1+63 56451 47154
SG (103) 297188 82478 78415 73114 Stallard et al. {43},
IMS; Aminian etal.  Retrospective, US, N = 659; F =451 (68%) 51410 %.4490 6{3-11)  7.4(64-86] n=291{442%), RYGB, SG  Scoring system N Y 16 Batrompeciive, N=88; WM, 76F . AT XS AIT(MISLY (67166 76{2379) m=STofF7 RYGHSG.-lghficregesdan’ —N: N
{18}, 2017 single, 2004-2011 U= 5 years Canada, single, 1 (67.5%),
January 2011-June FU = 1 year
014
DiaRem2; Retrospedive, US, N =307 F = 69% 5124101 4924103 6 NA n =135 {420%, RYGA Scoring system N N
Still et al. single, 2009-2015 FU = 1 year Data are mean + SD or median {interquartile range) unless othervise indicated. N = total number of participants. n = number of g diabetes DS, duodenal switch; Ext V,
{36), 2018 external validation; F, female; FU, lollow-up; GB, gastric band; |, insulin; 11D5G, lleal interposition with diverted sleeve gastrectomy; M, male; NI, fin; NR, ", single, single

Continued on p 2631

center; V Dev, validated in internalfexternal cohort in model development stage; Y, yes.

Diabetes Care. 2021 44(11):2626-41.



Prediction models: DiaRem & ABCD

O DiaRem (Diabetes Remission Clinical Score): O “ABCD” score system:
*  Age, « Age (A) ,
 HbAlc, - BMI(B) ,
 diabetes medication other than metformin, « C-peptide (C) ,
« and insulin use.  Duration of diabetes (D) .
Prediction of remission @
T e T A = ABCD score HbA1c<6% HbA1c<B.5%(par
Eoblietog ot o SR gy o oAy —wW « LeeWJ, Taiwan: Prediction of remission
i o s : b e « “ABCD" score system:
IS s g-g » The higher the score, the more diabetic remissions.
::n :: 27:40.9 35419 >42 5 56:4 7510
C-peptide <2 2229 349 »>5 6 617 783 -
(mmoit) 7 770 23 Exceptional cases:
Duration >8 4-8 139 <1 8 85.2 96.3 . . . .
ah : . _-— O extremely low scores combined with diabetic CRs.
A A - o - O extremely high scores with no antidiabetic effects.
e J Biomed Res. 2015 Apr;29 (2):98-104

Obes Surg. 2016 26(10):2418-24. Obes Surg, 2015, 25(10): 1772-1778.



“Surgical Diabetes” need to be redefined

Indication to diabetic surgery:
Besides the clinic indexes that in “ABCD” & DiaRem system

— There shoule be other variables that could influence diabetic remission rate.

“Surgical Diabetes” needs to be redefined.

"Surgical Diabetes" lacks ideal screening indicators,

which is likely due to the inconclusive therapeutic mechanism of diabetic surgery.



Therapeutic Mechanism for Diabetes after RYGB

Volume Restriction & Malabsorption

Foregut , Midgut, Hindgut, Gastric Hypothesis

The entero-insular axis (EIA) theory

"Incretin”: Ghrelin, GIP, SGLT-1, GLP-1, PYY, et al.

The gut - brain - liver axis (GBLA) theory

Intestinal gluconeogenesis (GNG)-brain- liver GNG

Diabetes Care, 2008. 31 Suppl 2: p. S290-6.



The entero-insular axis (EIA) Theory: Gl Hormones
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Our cognition

incretin to SGLT1
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The EIA theory has been questioned

O GLP-1 secretion is not in proportion to diabetes remission.

O GLP-1(R) agonists are far less effective than RYGB.

O Our previous studies: GLP-1 may only be the intermediate
link in the therapeutic mechanisms involved in diabetes after
MBS.

 lleal transposition (IT),
GK rats

Gastroenterol Rep . 2018. 6(4): 291-7.
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The theory of gut - brain - liver axis (GLBA)

remains controversial

*The main physiological significance of gluconeogenesis(GNG) is to ensure a relatively constant blood glucose

level in the presence of starvation.
*Belongs to endogenous glucose production (EGP), usually refers to liver gluconeogenesis (HGNG);
» Intestinal gluconeogenesis (IGNG) significantly enhanced in starvation state, accounting for more than 20% of

the effective response of GNG.

GBLA : starts with IGNG and ends with HGNG

It is controversial due to the lack of differences in glucose
metabolism between RYGB groups with or without vagus nerve
preservation, which makes the gut-brain-liver axis (GBLA) theory
questionable to explain the surgical treatment mechanism.

Intestinal Glu-Portal glucose signal (PGS) -Vagus N -Hypothalamus-Liver (EGP)

Nutr Hosp. 2013: 28(Supl. 2):109-114.



Sodium-glucose co-transporter 1 (SGLT1)

» SGLT1: the main factor of intestinal glucose absorption, with obvious circadian rhythm.

» SGLT1 mainly located in duodenum; lesser distributed in the distal bowel

» SGLT1 is highly expressed (2-3 times) in the diabetic patients’s Gl tract.

» Regulation of GLP-1 expression by SGLT1 has been demonstrated (at the cellular level) .
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SGLT1 as a Mediator of the Effect of GLP-1/GNG on
Glucose Metabolism

» SGLT1 can regulate intestinal glucose-dependent GLP-1 expression remotely.

» SGLT1 may induce MBS to exert regulatory effects on gluconeogenesis(GNG) pathway.
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Diabetes. 2015; 64(2): 370-382. Nutr Hosp. 2013; 28(Supl. 2):109-114. Curr Diab Rep. 2012; 12(2): 167-71. HRAEERE S5 AT % 7. 2016; 2(2): 80-84.



Proposed: “SGLT1 Bridge” Hypothesis

The traditional theories of "enteric-insular islet axis (EIA)" and "gut-brain-
liver axis (GBLA)" -cannot perfectly explain the mechanism of
gastrointestinal surgery in the treatment of diabetes. ——intermediate link?
SGLT1, upstream of EIA and GBLA?

SGLT1 may be the "bridge' between the "GBLA" and

the "EIA", which is initiated by MBS, 1.e. gastric bypass.

O Intestinal glucose absorption is directly reduced
O “SGLT1-IGNG-GBLA-HGNG”: FPG declined
O “SGLT1-GLP-1-insulin”: postprandial glucose improved
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Roles of SGLT1 in MBS

Once SGLT1 in the "bypassed" duodenum
and the upper part of jejunum down-
regulated after RYGB and DJB surgery, what Type 2

dustbin of
diagnosis

will be happened to the EIA and GBLA? | diabetes:

Scattered reports:

Author Diabetes type ‘ SGLT1 ‘GLP-l(R)‘ GNG ‘ Surgery

Jurowich CF STZ induced Lewis type 1 \ \
Kim M. SD None \ N \
Sun D. GK type 2, advanced \ \ \
Zhu H. ZDF &GK type 2, early & advanced \ \ \

Ann Surg, 2013, 258(1):89-97  Obes Surg, 2015, 25(4): 635-41. Obes Surg. 2013; 23(11): 1734-1742. Ann Transl Med. 2022;10(8):481 Surg Obes Relat Dis. 2014; 10(4):641-646.




Our Study Validated & Defined

A hypothesis: the "'SGLT1 Bridge" Hypothesis

A concept: ""Surgical Diabetes'

> Ann Transl Med. 2022 Apr;10(8):481. doi: 10.21037/atm-22-1769.

Sodium-glucose co-transporter 1 (SGLT1)
differentially regulates gluconeogenesis and GLP-1
receptor (GLP-1R) expression in different diabetic
rats: a preliminary validation of the hypothesis of
"SGLT1 bridge" as an indication for "surgical
diabetes"

Hengliang Zhu T2 Huajie Cai 3 Xiaokun Wang 4 Tao Chen ', Chaohui Zhen 2, Zhenzhan Zhang 1
)(E\CTJia_o'Ru—arT3, Guoxin Li |
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Methods: simulations

» Diabetic Rats: male, 10w
v’ ZDF rats (obese)
v" GK rats (non-obese)

Simulation 1:
ZDF rat == |R, early stage DM
GK rats == |GT, advanced stage DM

» Types
« WHO: type 1 vs type 2
» Groups:
* Autoimmune DM
< |nsulin-deficient DM~
<+ Insulin-resistant DM >

* Obesity-related DM
» Age-related DM

» Gavage solution:
v" -Glu group: glucose solution
v' -Pgroup: Glu+SGLT1 inhibitor (Phlorizin)

Simulation 2: SGLT1 inhibitor ==DJB

Duodenojejunal bypass (DJB)



Setting: Comparative Study

> SGLT1 expression: it .,:Zf:l.ﬁflfm e e
v’ ZDF-Glu vs GK-Glu .>_T/ >{ V
» Regulatory effects of SGLT1 inhibition: 2rp | | orel | okol | [ gk | | e ines
v' ZDF-Glu vs ZDF-P \. \ 7 / s B i
v GK'GIU VS GK_P Histological (intestine, pancreas,liver) determination: SGLT-1/GLP-1R/G6Pase/Pckl J'
3 0 |
IHC: intestinal SGLT1 activity ’ - RT-gPCR: SGLT-1/GLP-1R/G6Pase/Pckl mRNA | : —

- S WW reneress | B e
| SGLT-1/GLP-1R/G6Pase/Pek1

SG LTl Data analysis & Conclusion
B /
GLP-1R

v v v v .
i N N v Procedure of rats experiment

Red V: 120min after gavage; black V: 90min after gavage.
(V: mRNA, VW: IHC+mRNA)

G6Pase and Pckl: key enzymes of gluconeogenesis



Regulatory effects of SGLT1 inhibitor (Phlorizin) on

different diabetic rats

O Regulatory effects of SGLT1 inhibitor on SGLT1 expression (-Pvs -Glu)
O Regulatory effects of SGLT1 inhibitor on GLP-1R expression (-Pvs -Glu)
O Regulatory effects of SGLT1 inhibitor on the expression of key enzymes of

gluconeogenesis (-Pvs -Glu)



Inhibition of SGLT1 Expression by Phlorizin in
Diabetic Rats

O GK-Glu
Ea GK-P
Bl ZDF-Glu
ZDF-P

o~ -_:,,2,"!'\
I O 1
,b\f\" [ B

g

Fogngiigerne®

Gray value of SGLT1

Duodenum

Jejunum lleum

Fig. The activity of SGLT1 expression in the intestine

'; ", *"' e Data were analyzed using ANOVA with post hoc analysis with LSD’s comparison test.
(AU , *P<0.05, **P<0.01, ***P<0.001.
AR

Plorizin inhibited duodenal SGLT1 activity in both GK

Fig. SGLT1 activity expression in the duodenum rats (p<0.001) and ZDF rats (p<0.001).

Prerequisite obtained: SGLT1 inhibitors significantly inhibited intestinal SGLT1 expression.



Regulatory effects of Plorizin on

expression (-P vs -Glu)

—_
[ |

ZDF rats, not In GK rats.
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Fig. GLP-1R mRNA expression in the intestine and the pancreas
Data were analyzed using ANOVA with post hoc analysis with LSD’s comparison test. *P<0.05, **P<0.01, ***P<0.001.

v' Down-regulated jejunal GLP-1R mRNA expression in ZDF rats(p=0.001)
v' Up-regulated GIP-1R mRNA expression in pancreas of ZDF rats(p=0.021),

» However, the regulatory effects of GLP-1R mRNA expressions in GK rats were not observed.




Regulatory effects of SGLT1 inhibitor on the expression of

(-Pvs -Glu)
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Fig. G6Pase mRNA expression in the intestine Fig. G6Pase & Pckl mRNA expression in the liver

—— v'Up-requlated the duodenal(p= 0.000) and jejunal(p=0.038) Pckl

*EX - =~

5" ,\:,‘,,“:) ’F , ‘_‘ gf:Ps' mMRNA expression in ZDF rats, but not in that of GK rats.
%:: F% % v'Down-regulated hepatic G6Pase mRNA expression in ZDF rats
Eéos- ) (p=0.005) and hepatic Pckl mRNA expression in GK
LI 7 o rats(p=0.001). [No changes in hepatic SGLT1 expression: ‘remote

Fig. Pckl mRNA expression in the intestine effects” (GBLA) ]




Summary

v/ SGLT1 showed synergistic regulatory effects on the
entero-insular axis (EIA) and the gut-brain-liver axis
(GBLA), preliminarily validating the “SGLT1
bridge”hypothesis.

v  The distinct expression of SGLT1 and its
differentially regulatory effects on diabetic rats with
different pathophysiological conditions may provide

Surgical Diabetes
probable potential indications involved in the —MUItlpIe faC'[OI’S, pathways related tO SG I_Tl

“Surgical Diabetes” that is supposed as the inclusion
for diabetic surgery. PV: portal vein; VN: vagus nerve; IGNG: intestinal GNG; HGNG: hepatic GNG.




Conclusion & Prospect

“Surgical Diabetes” has been proved that exists with a specific pathophysiological condition strongly related to the

“SGLT1 Bridge”, which might be independent of the clinical manifestation.

Clinical factors (i.e. BMI, duration of diabetes) can predict diabetes remission, but specific indicators for “Surgical

Diabetes” must focus on the therapeutic mechanisms of diabetes remission after MBS. [Phenomenon & Essence]

If the "SGLT1 Bridge" is validated as an indication for "'Surgical Diabetes" in humans , it could solve the bottleneck

that limit the indications for diabetic surgery.




WO
CHNE L L T T Bt
Bl s anas s anms - g
:"" ------m

i
=il :=:=--“"
s R ]

10 1 o N O T

LR - F 3 F - F B F 47 R ]

LR e |

T - —— e s s Ty
]

L3 ‘----_--n:m

I

i

i
vj*vmmmmmmmmms

SHENZIEN UNIVERSITY GENERAL HOSPITAL



	Slide 1
	Slide 2: Background
	Slide 3: Bottleneck Constraints： Indications to diabetic surgery
	Slide 4: Prediction models in diabetic surgery
	Slide 5: Prediction models:  DiaRem & ABCD 
	Slide 6: “Surgical Diabetes” need to be redefined
	Slide 7: Therapeutic Mechanism for Diabetes after RYGB
	Slide 8: The entero-insular axis (EIA) Theory: GI Hormones
	Slide 9: Our cognition：incretin to SGLT1
	Slide 10: The EIA  theory has been questioned
	Slide 11: The theory of gut - brain - liver axis (GLBA) remains controversial
	Slide 12: Sodium-glucose co-transporter 1 （SGLT1）
	Slide 13:  SGLT1 as a Mediator of the Effect of GLP-1/GNG on Glucose Metabolism
	Slide 14: Proposed: “SGLT1 Bridge”Hypothesis
	Slide 15: Roles of SGLT1 in MBS
	Slide 16: Our Study Validated & Defined
	Slide 17: Methods: simulations
	Slide 18: Setting: Comparative Study
	Slide 19: Regulatory effects of SGLT1 inhibitor (Phlorizin) on different diabetic rats
	Slide 20: Inhibition of SGLT1 Expression by Phlorizin in Diabetic Rats
	Slide 21: Regulatory effects of Plorizin on GLP-1R expression（-P vs -Glu）
	Slide 22: Regulatory effects of SGLT1 inhibitor on the expression of key enzymes of GNG（-P vs -Glu） 
	Slide 23:  Summary 
	Slide 24: Conclusion & Prospect 
	Slide 25

