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Two week repeat dosing of MK-2640 in diabetic minipigs:  Two weeks of repeated thrice-
daily dosing of MK-2640 in D minipigs, with injections given premeal, was undertaken to 
examine stability of response and this was compared to a D minipig group that received thrice 
daily RHI. 16 type 1 D minipigs prepared as previously described were used in this study.  The 
animals were maintained with a twice daily regimen of long-acting insulin (Human Insulin 
Isophane, from Lilly, NPH), prior to the start of the study but had remained naïve to treatment 
with MK-2640. During the study period, twice daily NPH insulin was discontinued but a nightly 
supplemental injection of NPH was used to control nocturnal glucose. In addition to plasma 
glucose, determinations of fructosamine and 1,5-anhydroglucitol (Glycomark) were obtained as 
indicators of efficacy.  Fructosamine and Glycomark were measured on a Roche Cobas 501 
Clinical Chemistry analyzer. Injection sites were observed and any skin abnormalities 
observed were scored based on the presence and severity of erythema and edema. The 
potential presence of anti-drug antibodies (ADA) in plasma was ascertained (see below).  
On the morning of randomization, blood glucose was measured and group assignments were 
done to achieve balance between the two groups for fasting hyperglycemia. Animals in group 1 
were assigned to receive RHI at 0.6 nmol/kg and animals in group 2 were assigned to receive 
MK-2640 at 2.8 nmol/kg.  After baseline glucose determinations and dose administration, 
blood samples were collected for 8 hours for plasma glucose and drug concentration.  During 
the study period, animals were fed 3 meals a day (300 g/meal), at t=0, 6, and 12 hrs and 
dosed with the assigned insulin 30 min prior to each meal. Every other day, blood glucose was 
measured 30 minutes prior to dosing before each meal, 1 hour after the first meal, and prior to 
the evening dose of NPH. On the morning of the final study day, the two groups were dosed 
with RHI 0.6 nmol/kg and MK-2640 2.8 nmol/kg, respectively and blood samples were 
collected for 8 hours as in day 1.  
There was no loss of efficacy in lowering of plasma glucose in comparing the first day versus 
the last day of the MK-2640 treatment regimen, as shown in Supplemental Figure 4. Plasma 
drug concentrations for MK-2640 were also highly consistent on the first compared to the last 
day of dosing (data not shown). Daily inspection of the injection sites after administration of 
either RHI or MK-2640 indicated that no overt edema or erythema developed upon repeated 
dosing. 
 
Effects of chronic dosing of MK-2640 in ADA levels in Diabetic minipigs.  Thrice daily 
injections of MK-2640 or RHI were administered to D minipigs for two weeks after withdrawing 
animals from their usual long-acting insulin therapy.  ADA were measured using an 
electrochemiluminescence (ECL)-based semi-sequential format assay with biotinylated drug 
(MK-2640) as capture reagent, and with ruthenium-labeled drug (MK-2640) as detection 
reagent, using an MSD sector imager 6000 for plate reading. For ADA evaluation, a cut-point 
was calculated based on the pre-dose values (naïve animals, no MK-2460 dosed, which allows 
for a 5% false positive rate. For this calculation, animals 2M7 and 2M8 were excluded, as they 
showed a higher predose level potentially indicating presence of pre-existing anti insulin 
antibodies. The calculated cut-point was 159.4 ECL units (ECL units are defined as 
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photovoltaic events measured by the instrument). Animals meeting the following requirements: 
Sample at Day 15 (ECL units) > cut point (159.4) and sample at Day 15 (ECL units) > Pre-
dose of same animal (ECL units) were considered suggestive of development of ADAs. Based 
on these criteria, animals treated with MK-2640 for 14 days did not develop anti-MK-2640 
antibodies. Only one animal in the RHI-treated group presented with increased levels of ADA 
on Day 15 (see Supplemental Table 1).  
Formulation of MK-2640 to achieve a basal insulin profile:  During progression of these 
studies, collateral efforts were undertaken to assess whether a formulation of MK-2640 could 
achieve a depot characteristic with slow absorption kinetics and a sustained PK profile 
consistent with a basal insulin preparation. As expected from the hydrophilicity imbued by the 
linked saccharides, the aqueous solubility of MK-2640 was greatly improved compared to 
human insulin. Moreover, in the pH range 6-8, MK-2640 readily formed hexamers in the 
presence of zinc and phenol/m-cresol and the phenol-stabilized hexamers of MK-2640 were 
significantly more stable than dimers or monomers. MK-2640 was formulated at 5600 nmol/ml 
in formulation B23, (165 µg/ml Zn2+, 16 mg/mL protamine acetate, 174 mM Glycerol, 26 mM 
M-cresol, 15 mM NaCl, 25 mM Na Phosphate, pH 6.2). Addition of protamine acetate afforded 
a formulation of MK-2640 which retained full solubility up to at least 40 mg/mL and adequate 
physical and chemical stability at pH 6-6.5. Upon adjustment of the pH to 7-8, MK-2640 co-
precipitates with the protamine suggesting that, under these formulation conditions, there is a 
potential to form a slow release depot upon injection into the subcutaneous space.  The PK/PD 
profile was examined following SC administration of MK-2640 at  0.7 nmol/kg, which 
significantly reduced fasting hyperglycemia in minipigs that had been withdrawn overnight from 
their usual insulin regimens, as shown in Supplemental Figure 5.  Insulin glargine (Lantus®, 
Sanofi) at 0.21 nmol/kg was used as a comparator. The corresponding PK profile 
demonstrated a gradual increase in plasma concentration of MK-2640 following its SC injection 
followed by a relatively flat PK profile extending for more than 10 hours.    
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Supplementary Table 1.  The potential presence of ADA in plasma of D minipigs treated with 
thrice daily injections of MK-2640 or RHI for 14 days was evaluated using (ECL)-based 
immunoassay with biotinylated drug (MK-2640) as capture reagent, and with ruthenium-
labeled drug (MK-2640) as detection reagent. Sample at Day 15 (ECL units) > cut point (159.4) 
and sample at Day 15 (ECL units) > Pre-dose of same animal (ECL units) were considered 
suggestive of development of ADAs. Based on these criteria, animal 1M1 RHI-treated 
presented increased levels of ADA on Day 15.  D minipigs treated with MK-2640 for 14 days 
did not develop anti-MK-2640 antibodies.   
 

    
Predose 
ECL unit 

Day 15 ECL 
unit 

Suggested 
presence of 

ADA  Sample 
ID Group 

1M1 RHI 83 335 + 
1M2 RHI 75 154 - 
1M3 RHI 42 56 - 
1M4 RHI 123 102 - 
1M5 RHI 119     No Sample   
1M6 RHI 59 106 - 
1M7 RHI 57 69 - 
1M8 RHI 89 97 - 
2M1 MK-2640 112 84 - 
2M2 MK-2640 58 57 - 
2M3 MK-2640 210 243 - 
2M4 MK-2640 72 63 - 
2M5 MK-2640 94 62 - 
2M6 MK-2640 74 36 - 
2M7 MK-2640 970 813 - 
2M8 MK-2640 338 97 - 
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Supplementary Figure 1.  MK-2640 was tested for activation of cytokine release from human 
monocyte differentiated macrophages (MDMs). In brief, monocytes isolated from human blood 
were differentiated into macrophages in media containing 50 ng/ml of M-CSF and 30 ng/ml IL-
4. Human MDMs were treated vehicle (PBS), 10 ng/ml LPS or 500 ug/ml mannan as a positive 
control, MK-2640 (0.3, 1, 3, 10 uM) or insulin (3, 10, 30, 100, 300 nM) as a negative control. 
After 24 hr of treatment the supernatants were collected for TNF-α, IL-10 and IL-6 cytokine 
analysis by MesoScale Discovery ELISA (cat# K15008B-2).  No increase in IL-10 (A), IL-6 (B) 
or TNF-α (C) production was detected with MK-2640 or insulin (not shown) treatment in human 
MDMs. Cytokine release was observed with the mannan and LPS positive controls.  
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Supplementary Figure 2.  Dose-dependent glucose lowering effect of MK-2640 administered 
IV to Diabetic minipigs.  Doses at or below 0.35 nmol/kg are considered pharmacologically 
silent. A dose of 0.35 nmol/kg was selected for PK studies shown in Figure 4D 
 

 
 
 
 
Supplementary Figure 3.  Plasma samples (n=4) from the dog clamp studies were tested for 
activation of cytokine release by MesoScale Discovery ELISA (cat# K15035C-1). No increase 
in IL-10 (A), IL-6 (B), IL-2 (C), IL-8 (D)  or TNF-α (E) production was observed in dogs infused 
at constant rate with MK-2640 (45 pmol/kg/min) or with insulin (3 pmol/kg/min), for 2 hr. 
Cytokine release was observed in dog blood ex vivo treated with LPS as a positive control. 
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Supplementary Figure 4.  Effect of RHI and MK-2640 on fasting plasma glucose in type 1 
diabetic minipigs; A. glucose lowering responses are plotted for Day 1 and Day 15. Effect of 2 
weeks dosing on plasma fructosamine (B) and glycomark (C) levels.   
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Supplementary Figure 5.  Basal formulation of MK-2640. MK-2640 was formulated at 5600 
nmol/ml in formulation B23 (165 µg/ml Zn2+, 16 mg/mL protamine acetate, 174 mM Glycerol, 
26 mM M-cresol, 15 mM NaCl, 25 mM Na Phosphate, pH 6.2). A: Effects of MK-2640 on 
plasma glucose levels in fasted type 1 diabetic minipigs, compared to insulin glargine.  B: 
Plasma exposure of MK-2640. 
 

 

 


