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• Glycogen storage disease 1b (GSD1b) is an inborn error of metabolism resulting from 

mutated SLC37A4, encoding Glucose-6-phosphate translocase (G6PT)

• Patients have metabolic complications, inflammatory bowel disease (IBD) and 

infections, requiring granulocyte colony stimulating factor (G-CSF) treatment 1,2

• Homozygous G6PC3 mutations result in congenital neutropenia type 4 and varying 

clinical symptoms (seronegative arthritis, IBD, short stature) but without the metabolic 

complications seen in GSD1b 3

• Neutropenia is attributed to intracellular accumulation of 1,5 anhydroglucitol-6-

phosphate (1,5AG6P), due to mutant G6PT failing to transport this metabolite to the 

endoplasmic reticulum (ER), and subsequent failure to dephosphorylate 1,5AG6P by 

G6PC3 (see Figure 1)

• Elevated 1,5AG6P impairs glycolysis, leading to neutrophil apoptosis and dysfunction 

in murine models of G6PT and G6PC3 deficiency 4

• Wortmann et al recently identified that sodium glucose cotransporter 2 inhibitors 

(SGLT2) such as empagliflozin increase urinary excretion of 1,5 anhydroglucitol

(1,5AG), and successfully repurposed the use of this widely available and well 

tolerated type 2 diabetes drug in 3 children and one adult patient with GSD1b 5

• We present a single tertiary centre experience of 4 adult patients with GSD1b and 1 

with G6PC3 deficiency treated with empagliflozin. Baseline symptoms, G-CSF 

dosage, weight and blood glucose were recorded. Patients were commenced on 

Empagliflozin 5mg BD in hospital, with hourly blood glucose monitoring for 4 hours. 

Bowel charts were recorded for 10 days post treatment initiation. Patients were 

followed up at 14 days, and thereafter every 3 months or as required.
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• Empagliflozin lowers plasma 1,5-AG via increased urinary excretion, and has clinical benefits for those with G6PT and 

G6PC3 deficiency in terms of symptom reduction

• In concordance with Wortmann et al, neutrophil function rather than absolute neutrophil count appears to be the key 

driver of clinical improvement

• The drug is well tolerated and does not increase hypoglycaemic events

• Importantly this is the first report of a patient with G6PC3 deficiency receiving empagliflozin, and shows this is tolerated 

with no hypoglycaemia at lower doses but associated significant excretion of 1,5AG
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• All patients reported clinical improvement, with 

resolution of mouth ulcers and rapid 

improvement in bowel symptoms as early as 

Day 10 (see Table 1.)

• 2 patients discontinued G-CSF, and 2 reduced 

the frequency of injections by 66% and 50%

• Absolute neutrophil count varied with no clear 

trend for overall increase in number

• All patients improved mean Haemoglobin by 

≥10g/L

• Weight remained stable or increased in all 

patients

• Side effects reported included increased urinary 

frequency

• No clinically significant hypoglycaemic episodes 

in GSD1b patients

• The patient with G6PC3 mutation reported no 

hypoglycaemic episodes at a dose of 5mg bd, 

and a single recorded asymptomatic low blood 

sugar of 2.8 on 10mg BD.

• PT2 demonstrated improvement in 

hepatomegaly from 27 to 25cm, and 

splenomegaly from 17 to 14.5cm. 
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Empagliflozin Leads to Enhanced Neutrophil Function and Improved Clinical

Outcomes in Patients with SLC37A4 and G6PC3 Associated Inherited Neutropenic

Syndromes Via Excretion of 1,5-Anhydroglucitol-6-Phosphate
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Table 1. Clinical outcomes with empagliflozin treatment

Figure 2. Plasma 1,5-anhydroglucitol during 

empagliflozin treatment

Results continued

• Plasma 1,5-AG levels reduced by 71%overall with

empagliflozin treatment (see Figure 2)

• PT5 had rapid increase in urinary 1,5AG excretion, from

16.7 mmol/mol creatinine to 214.6 within 10 hours

• Neutrophil functional studies were performed on PT1 and

PT2 pre and post commenement of empagliflozin (see

Figure 3):

• Improved formation of neutrophil extracellular traps

(NETs) and reactive oxygen species (ROS) in response

to phorbol myristate acetate (PMA)

• Marked increase in secondary granule release in patients

post empagliflozin in response to

N‐formyl‐methionyl‐leucyl‐phenylalanine (fMLP)

• Increased expression of CD62L to within normal limits

Figure 3. Neutrophil function assays pre and post commencement of empagliflozin demonstrating: A, relative 

percentage of NET formation in response to PMA; B, ROS production in response to PMA; C, secondary granule release 

in response to fMLP; D, relative CD62L expression
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Figure 1. Mechanism of increased 1,5AG6P 

excretion by empagliflozin, reprinted from 

Wortmann et al, Blood 2020.


