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Abstract
Belonging to the innate immune system, natural killer (NK) cells play crucial roles in various kinds of
cancers and other pathologies. The function and development of NK cells are regulated and enhanced by
various in ammatory cytokines like common-γ chain family cytokines, transforming growth factor-β,
interleukin (IL)-3, IL-10, IL-12, and IL-18. It has been found that their activity, as measured by interferon
gamma assay release method, is decreased in Type 2 diabetes mellitus (T2DM) as well as prediabetes
and is directly related to the degree of glycemic control. The multiple mechanisms shown by sodiumglucose cotransporter inhibitors (SGLT2Is) to address glycemic as well as non-glycemic in ammatory
pathways make them an ideal candidate in most of our obese patients with T2DM since most of them
are at higher cardiovascular (CV) risk. Obesity, a common comorbidity in T2DM, is also a known
contributor of decreased NK cell activity. Since SGLT2Is have an indirect anti-in ammatory property,
hence this study is intended to investigate any change in the NKC activity after initiating empagli ozin
over 4 weeks in a cohort of well-controlled diabetic population.

Introduction
Natural killer (NK) cells primarily act against microbial infection and various kinds of cancers. They
belong to the innate immune system. NK cells can act as regulatory cells that interact with other types of
immune cells, including T cells, endothelial cells, macrophages, and dendritic cells. Via such reciprocal
interactions, NK cells can exacerbate or limit the immune responses. However, their actions may seem to
be redundant under different immune conditions. Manipulation of NK cells has been shown to have
several applications, such as promotion of antitumor immunotherapy, regulation of autoimmune and
in ammatory disorders, and improvement of solid organ and hematopoietic transplantation [1]. Based on
their memory, NK cells are divided into three main categories: virus-speci c, hapten-speci c, and cytokineinduced [2]. These types of NK cells also vary on the basis of their localization. For instance, NK cells with
in uenza virus-speci c memory are present in lungs and liver and those with hapten-speci c memory are
present in liver.
NK cells exhibit spontaneous cytolytic activity against stressed cells, including virus-infected and tumor
cells. They in uence the activity of other adaptive and innate immune cells via various cytokines, such as
interferon-γ (IFN-γ), chemokines (CCL1, CCL2, CCL3, etc.), and granulocyte macrophage colonystimulating factor (GM-CSF), and tumor necrosis factor-α (TNF-α) [3]. They exhibit protective activity
against liver brosis in a non-alcoholic fatty liver disease (NAFLD) model by maintaining a balance
between in ammation of liver and repair via polarization of macrophages [4]. IFN-γ is a potent effector
cytokine that exhibits crucial antitumor, antibacterial, and antiviral activity. Furthermore it modulates the
expressions of TRAIL, FasL, and caspase [5].
Outcome of the study:
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This is the rst of its kind of study wherein we want to look for NK cell activity, as measured by IFN-γ
assay, in type 2 diabetic patients taking empagli ozin prospectively over a period of 4 weeks.
Assays used to determine NKA:
Measuring IFN-γ from blood by ELISA is a method used in many studies to assess the NKC activity and
decreased levels have been found to be associated with many cancers [6 - 10].
Diabetes Mellitus and NKC activity (NKA):
Type 2 diabetes patients show markedly less activity of NK cells than the people with prediabetes or
glucose tolerance, which indicates association between glycemic regulation and NK cells [11]. In addition,
some studies have also shown that obesity is associated with impairment in phenotype and function of
NK cells [12]. Another study suggests the high incidence of colon CA in type 2 diabetes patients due to
decreased GLUT4 receptor expression on NK cells [13]. In another study, individuals with type 2 diabetes
exhibited marked reduction in NKp46-positive cells (26% vs. 50%, P < 0.01) and NKG2D-positive NK cells
(44% vs. 55.5%, P < 0.01) in the diabetic population proposing the theory of defective infection control
and decreased combating property in diabetes due to defective NK activity. [14]. Another cohort of 28,900
type 2 diabetes patients revealed a higher risk of renal, endometrial, gall bladder, pancreatic, and liver
cancers [15]. Furthermore, in type 2 diabetes patients, reduction in expression NKG2D is signi cantly
associated with blood levels of Hb1Ac, a known marker of diabetes. The above association also revealed
that alteration in NK cells lead to high glucose levels. Since severe hyperglycemia is associated with
several pathologies, our ndings offer possible mechanistic explanation behind this correlation [16]. In
another study on 49 participants, NKA was measured using circulating interferon gamma level and was
found to be decreased statistically in T2DM group when compared to those with type 2 diabetes and prediabetes group (both p < 0.001) [11]. Irrespective of the type, diabetic patients show reduced levels of NK
cell number and function [17, 14]. Individuals with type 2 diabetes or obesity show abnormal adaptive or
innate immunity as indicated by impaired beta and NK cell function and altered proliferation of
macrophages and T cells [18]. Furthermore, IFN-γ-producing CD3+ T cells have been shown to be
positively correlated to body mass index (BMI) [19]. In an observational prospective study of fteen
patients put on empagli ozin, it was seen that there was decrease in body weight with HbA1c along with
reduction in superoxide production in leukocytes of diabetic patients and increased glutathione content
and serum levels of IL-10 (an anti-i ammatory cytokine) were enhanced (p<0.05) at 24 weeks of
empagli ozin treatment [20]. Empagli ozin is a SGLT2I which acts by blocking the sodium and glucose
co-transporter 2 (SGLT2) located at the kidney proximal tubule and, thereby increases urinary glucose and
sodium excretion, thereby reducing weight and blood glucose [20, 21]. Another mechanistic study using
empagli ozin and dapagli ozin showed signi cant decrease in stearic acid-induced pro-in ammatory
marker (IL-1β, IL-8, TNF-α) genetic expression with both of these molecules [22].

Reagents
For IFNγ activity measurement:
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Anti-IFNγ-Coated Plate (Microwell plate coated with a murine monoclonal anti-human IFN-γ antibody)
IFN-γ Standard (recombinant human IFN-γ) - 1 vial (2 ng) (lyophilized)
Diluent – 10 mL
Biotin Conjugate (100X) (biotin-conjugated murine monoclonal anti-human IFN-γ antibody) – 1 vial (0.15
mL)
Streptavidin HRP (100X) – 1 vial (0.15 mL)
Conjugate Diluent (contains bovine serum albumin) – 1 bottle (13 ml)
Washing Solution (20X) (contains polysorbate-20) - 1 bottle (50 mL)
TMB Solution (contains tetramethyl benzidine, TMB) - 1 bottle (12 mL)
Stop Solution (contains 1N HCl) - 1 bottle (12 mL)
High Positive Control (HPC) - 1 vial (lyophilized)
Low Positive Control (LPC) - 1 vial (lyophilized)
Adhesive lm for microwell plate – 2 lms
Adjustable micropipettes (200 µL/1000 µL)
Multi-pipette (8-/12-channel) (50 μL/100 μL) (300 μL, optional)
Tabletop microcentrifuge (11,500 ×g)
Measuring cylinder (500/1000 mL)
Vortex mixer
Microtube rack
Microwell shaker (optional)
Double-distilled or Milli-Q water
Microplate washer or aspiration pump (optional)
Microplate reader
For IL-10 assay:
Biotinylated detection mAb (12G8)
Page 4/12

Streptavidin-HRP
Recombinant human IL-10 ELISA
Substrate (TMB)
Buffers for washing, dilution and standard reconstitution
2 Precoated ELISA strip plates (mAb 9D7)

Equipment
NKA-IFN γ is measured by NK Vue (ATGen, Seongnam-si, Korea) and we will be using 3430-1HP-10
ELISAPRO kit ® for quanti cation of IL-10.

Procedure
Assay for IFN-γ release to measure NKCA
Methods and materials:
We will prospectively assess pre xed baseline blood parameters and follow them up with the same
parameters at every seven days for a total of 4 such readings. To avoid any confounding factor of
glycemic control and pre-existing increased levels of chronic diseases that might in uence the results of
the study, we will include only T2DM patients with reasonable glycemic control (HbA1c <7%) and without
any other chronic diseases. We will also measure the baseline IL-10 since it is a stimulant for NKA, which
might add to the bias. We will adjust for any discrepancies of baseline BMI, HbA1c, age, eGFR, duration of
diabetes, IL-10, and baseline blood parameters. We will divide patients into two groups meeting the
inclusion criteria ( gure 1) – one will not be having any SGLT2I and the other group will be put on
Empagli ozin 25 mg as per current guidelines. We will measure few baseline parameters and those will
be re-assessed again after 4 weeks of treatment. We are taking young T2DM patients without any chronic
diseases. If they have any of these, then the minimum on-going period for these drugs should be at least
>6 months. We target a well-controlled diabetic population since IFN-γ assay is very much dependent on
HbA1c.

Process of Interferon gamma release assay:
NKA-IFN γ is measured by NK Vue (ATGen, Seongnam-si, Korea), an in vitro diagnostic sandwich enzymelinked immunosorbent assay (ELISA) [23]. One milliliter whole blood will be collected, transferred to a NKVue™ test tube and incubated for 17 h at 37°C. This assay works on the principle that incubation with
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Promoca (proprietary immunomodulatory cytokine) stimulates NK cells present in whole blood.
Supernatants from the incubated tubes will be stored at -70°C [24; 25].
The stimulated NK cells will secrete IFN-γ, which is quanti ed using a quantitative sandwich enzyme
immunoassay (ELISA). During ELISA, the samples are pipetted into microwell plate and allowed to react
with anti- IFN-γ antibody already pre-absorbed on it. Then, the unbound material is washed and the wells
are lled with HRP-bound secondary antibody. Next, unbound antibody-HRP complex is washed. Next, a
substrate solution is added, which leads to development of color that can be quanti ed by measuring
absorbance of the solution at 450 nm. The absorbance of the solution can help in determining the levels
of IFN-γ secreted by the cells. The principle of the machine NK VUE ® is discussed in gure 2 [26].
Assay method:
Step 1: Blood collection, blood culture, plasma harvest
• Collect and culture the blood into NK VUE tube and use the plasma harvested only from these blood
samples.
Step 2: ELISA
Key recommendations:
•

All the samples and standards must be promptly loaded into wells (preferably in 15 min) to avoid

time-delay related variations.
•
All the reagents, antibody-coated microwell strips, and plasma samples must be used at room
temperature.
•

Prior to loading into the well, plasma samples must be thawed and centrifuged at 11,500 ×g at room

temperature for 1 min.
•

The microwell strips that are not required should be packed and stored back into the refrigerator.

•
Dilute the 20X washing solution 1:19 to obtain a 1X working solution. For full plate, prepare 1 L of 1X
washing solution by mixing 50 mL of 20X washing solution with 950 mL double-distilled or Milli Q water.
The 1 X solution can be stored at room temperature in a tightly closed bottle for 3 months. In case of the
development of crystals in the solution, gently warm the container using an incubator or a water bath.
•
To reconstitute lyophilized IFN-γ standard, mix it in water gently until dissolved completely. Avoid
mixing by vortexing or pipetting to prevent foaming.
•
Do not allow the strips to dry out or become empty. Keep the next solution always prepared and
pipetted.
Procedure:
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1. Use 500 μL distilled or deionized water to reconstitute each vial of LPC, HPC, and lyophilized IFN-γstandard. Gently mix the solution until each component is completely dissolved. The Final concentration
for each component will be:
LPC: 165 pg/mL
HPC: 1000 pg/mL
IFN-γ: 4000 pg/mL
Only 100-200 µL of these solutions would be needed for each run. Store the remaining solutions for 3
months at -20 °C.
2. Perform serial dilution of the standard solution. Mix 200 µL of standard solution with 200 µL of diluent
into a microcentrifuge tube. In the next tube, mix 100 µL of the above solution with 300 µL diluent. Again
take 100 µL of the above solution and mix with 300 µL of diluent in a fresh microcentrifuge tube. In
another tube, take 400 µL diluent but do not add any of the above solutions. In the end, there are four
microcentrifuge tubes:
Tube #1: 0 pg/mL
Tube #2: 20 pg/mL
Tube #3: 200 pg/mL
Tube #4: 2000 pg/mL
3. Prepare 2 wells (duplicate) each for LPC, HPC, and the four standard dilutions. Ensure enough wells for
all test samples.
4. First, ll all wells with 50 μL diluent.
5. Next, ll each well with 50 μL of the prepared solutions, including LPC, HPC, IFN-γ standard, and all test
samples. Use the adhesive lm to seal the plate. Mix the solution properly by gently tapping the plate (or
putting the plate on the microwell plate shaker for 1 minute). If the room temperature is within 20-24 °C,
then incubate the plate at room temperature for 1 hour. Else refer to gure 3 for alternative conditions for
incubation.
6. Remove the adhesive lm and aspirate the liquid solution from all the wells. Use manifold dispenser,
multi-channel pipette, or automated washer to wash all the wells using 1X wash buffer (300 µL; four
times). Remove remaining buffer by inverting and vigorously tapping the plate. After the last wash, before
aspirating the remaining solution, prepare the detection solution (as mentioned in the next step) to
prevent wells from drying out.
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7. Dilute Streptavidin HRP and Biotin Conjugate 1:99 using conjugate diluent to prepare the detection
solution. For instance, to prepare 10 mL diluent solution, add 100 µL each of Streptavidin HRP and biotin
conjugate to 9.8 mL conjugate diluent. Mix the solution by inversion.
Note that, since detection solution can neither be stored nor reused, it is necessary to prepare it
immediately before use.
8. Fill each well with 100 µL detection solution. Again seal the plate and incubate as described in Step 5.
9. Rewash the plate as described in Step 6. After nal wash, before aspirating residual solution, prepare
the TMB solution.
10. Aspirate the residual solution and ll each well with 100 µL TMB solution, followed by incubation for
30 min at room temperature under dark.
Note: Take care of the dark condition and precise 30 minute-incubation for optimal reproducibility.
11. Fill each well with 100 µL of stop solution, which might change the color of solutions in wells from
blue to yellow.
Note: Add the stop solution with the same speed and same order as the TMB solution.
12. Using absorbent paper, wipe the plate bottom to remove any foreign substance or relative humidity.
Immediately measure the absorbance at 450 nm. Simultaneous read at correction wavelength of 600-650
nm is highly recommended.
Note: After addition of stop solution, the absorbance would start decreasing, due to which, it must be
measured within 5 min after stop solution addition.
Assay for IL-10 in nutshell:
We will be using 3430-1HP-10 ELISAPRO kit ® for quanti cation of IL-10 in solution [27]. The kit contains:
Biotinylated detection mAb (12G8); Streptavidin-HRP; Recombinant human IL-10 ELISA standard;
Substrate (TMB); Buffers for washing, dilution and standard reconstitution; 2 Precoated ELISA strip plates
(mAb 9D7).
Protocol to be followed to measure IL-10 with the 3430-1HP-10 ELISAPRO kit ® [28]:
The ELISAPRO kits contain plates that are precoated with monoclonal antibody (mAb), which captures
the analyte in the sample and, on the addition of TMB substrate, changes color. The reaction is stopped
by adding sulfuric acid and optical density is measured. The concentration of the analyte is determined
by comparing it with a standard. The following steps are followed:
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1. The plates should be washed ve times with wash buffer, and, after the nal wash, we have to tap
the inverted plates rmly against the absorbent paper.
2. We then have to add 2-fold diluted blood plasma samples, assay background control (100
microL/well), and standard, and then we have to mix by tapping the plates. The plate is then covered by a
plate cover and incubated at room temperature for the next 2 hours.
3.

We have to repeat the stage of washing, as mentioned above.

4. Detection antibody (100 microL/well) has to be added, and the plates covered and incubated at
room temperature for another 1 hour.
5.

The washing step has to be repeated once more.

6. Streptavidin-HRP (100 microL/well) has to be added, and plates are covered again and incubated for
1 hour at room temperature, and then the step of washing is repeated.
7. TRB substrate (100 microL/well) is to be added and incubated at room temperature for 15 minutes,
keeping away from sunlight exposure.
8.

Stop solution is to be added to the wells, and then, we have to measure absorbance at 450 nm within

15 minutes with a reader.
Statistical analysis to be done:
We will use paired T-test to see the difference in results between baseline and after 4 weeks of
Empagli ozin 25 mg treatment using SPSS analysis software. We will also do a Pearson’s Correlation
test to see any baseline relation between HbA1c, EGFR, duration of diabetes, UACR value, liver enzyme
parameters in Independent axis and IF-Y value (of baseline) in dependant axis. After 4 weeks we will
perform a multiple regression analysis to see the factors contributing to the change in IF-Y levels.
Sample size calculation:
Since there had been no study on this topic till date, we can take a sample size of 30 patients in each
group as a rule of thumb for this pilot study [29].

Troubleshooting
Time Taken
Anticipated Results
Since we do not have any study done on this topic, hence our assumptions will be based purely on
concepts relating to IF-Y levels in in ammatory conditions and reduction of in ammation related with
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SGLT2I as discussed in the introduction part. We hypothesize that SGLT2I might cause a mild reduction
in IF-Y assay from NKC since it suppresses in ammation and that is a mechanism of activation of NKC.
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