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METHOD FOR DETECTING GLUCOSE TRANSPORTER GENE EXPRESSION

The present invention provides a method for the measurement of glucose transporter gene

expression in renal cells.

Glucose is the main source or energy for the mammalian cells and its entry is mediated via
various transporters. About 7 facilitative (GLUT-1 to -7) and 2 concentrative glucose
transporters (SGLT-1 and -2) have been identified. The facilitative glucose transporters allow the
glucose entry into the cell interior due to the concentration gradient and the latter via the Na+-
dependent clectrochemical gradient. They have similar structural motifs with 12-14 putative
transmembrane domains with a predicted protein size varying from 50 to 76kDa. Some of the
facilitative glucose transporters (GLUT-1, -2, -4 and -5) and both the sodium glucose co-
transporters (SGLT-1 and -2) are expressed in the kidney. The transporters that are involved in
the major transport of glucose in the kidney include GLUT-2 and SGLT-2.

The bulk of glucose that is filtered by the renal glomerulus is reabsorbed by the glucose
transporters of the proximal convoluted tubular epithelium. 90% of the glucose is reabsorbed by
the low-affinity/high capacity sodium glucose co transporter (SGLT) 2 located in the Sl
segments of proximal tubule. Available methods for the detection of glucose transporter
expression in renal cells either involve a renal biopsy or the in vitro cultivation of exfoliated

renal cells isolated from urine prior to the determination of the SGLT expression level.

It is an object of the present invention to provide an in vitro method for determining the

expression level of a glucose transporter protein in renal cells comprising:
a) isolation of renal cells from urine by filtration and

b) determining the expression level of the glucose transporter, wherein the isolated cells

are not cultivated irn vitro prior to step b).

In a preferred embodiment, the expression level of the glucose transporter protein is
determined by RT-PCR.

In another preferred embodiment, the expression level of the glucose transporter protein is
determined by RT-PCR using housckeeping genes selected from the group consisting of CD13,
MRPL19 (mitochondrial ribosomal protein L19) and ALAS1 (aminolevulinate, delta-, synthase

).
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In a further preferred embodiment, the glucose transporter protein is selected from the
group consisting of GLUT-1, GLUT-2, SGLT-1 and SGLT-2, preferably SGLT-2.

In another preferred embodiment, the renal cells are proximal tubular epithelial cells.

In yet another preferred embodiment, the cells are isolated from urine using a
polypropylene membrane filter having a pore size of approximately 1.6 pm. A suitable filter for
the isolation of renal cells from urine is the ZRC GE™ filter which is commercially available

from Zymo Research Corporation.

Techniques for the detection and quantification of gene expression of a glucose transporter
gene include, but are not limited to northern blots, RT-PCR, real time quantitative PCR, primer
extension, RNase protection, RNA expression profiling and related techniques. These techniques
are well known to those of skill in the art see e.g. Sambrook J et al., Molecular Cloning: A
Laboratory Manual, Third Edition (Cold Spring Harbor Press, Cold Spring Harbor, 2000).

Techniques for the detection of protein expression of a glucose transporter include, but are

not limited to immunohistochemistry (IHC).
Short description of the figures:

Fig. 1 shows SGLT-2 and CD13 expression in T2D (Type 2 Diabetes) urine samples.
Urine from 10 (T2D) volunteers was collected. 30 ml urine was processed with the Zmyo
Research kit to extract the RNA according the instructions of the manufacturer. RNA Expression
of CD13 and SGLT-2 was analysed with Real-time PCR using the LightCycler® 480 Instrument
IT and

Fig. 2 shows the linearity of SGLT-2 quantification in urine samples spiked with SGLT-2
transfected Chinese hamster ovary (CHO) cells. RNA isolation was performed with the Zymo
Research Kit. The linear measuring range for 0 to 50.000 CHO/SGLT-2 cells spiked in urine

sediment are shown and corresponds to a cp-range from 31,19 (only urine) to 17,13.
Example:
Isolation of Cells from Urine and subsequent isolation of RNA from cells:

RNA isolation from fresh clean-catch urine using a Urine RNA Isolation Kit (Zymo

research Inc, Orange CA)

Clean-catch urine was freshly collected into a 200 ml beaker. Cells were resuspended by
carefully swirling the beaker and filtered through the ZRC GF filter according to the

manufacturer’s instructions. A total of 30 ml urine was filtered. Cells retained by the filter were
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extracted using the Zymo Research extraction buffer. The cell extract was stored at -80°C before
further processing.

RNA was isolated from the thawed cell extract. After adding one volume 95% ethanol to
the cell extract the solution was mixed and applied to a Zymo-spin IC column and processed
according to the manufacturers instructions. In brief, the column was washed with RNA wash
buffer and RNA was eluted using 20 mL RNA Elution Buffer. The RNA was stored at -80°C.

Amplification and detection of SGLT-2 RNA from total RNA isolated from urinary
cells

RNA of SGLT-2 and 3 potential housekeeping genes (CD13, MRPL19, ALAST1) were
amplified in real-time reverse transcription — polymerase chain Taqman reaction using the

following instruments, reagents and reaction conditions:

e Instrument: LightCycler® 480 II: Serien 25200, Software version: LCS480
1.5.0.39

e Primers and probes sequences:

Primer Primer Sequence (5'-3") Seq. Id. No.
SGLT?2 fwd 84 ATC CTG CTG ACATCCTAG TCA 1
SGLT2 rev144 GTT GGT TCT GCA CAT GGA CC 2
SGLT2 P 106 TG CTG CAT ATT TC CTG CTG GTC ATT GGC GTT GG 3
CD13 fwd 1795 GTC CTA CCT CCA CAC CTT TGC 4
CD13 rev1855 GTT GTT CAC AGC CTC CTG C | 5
CD13 P 1823 AA CAC CAT CTA CCTGA ACC TGT GGG ACC ACC 6

SGLT-2 was labeled by Dyel and BHQ2, Housekeeping genes were labeled by Dye2 and
BHQ2.

Mastermix:

Mn2+ (25mM Manganacetat), Ident. No. 05 384 567. 5x RNA Mix TagMan
RNA Amp Kit, Ident. No. 05 384 583

Preparation of the Amplification Mix:

Reagents: ul final amount
H20 6,56 ad 15ul
Fwd Primer (10uM) 1,00 500nM
Rev Primer (10puM) 1,00 500nM
Probe (10uM) 0,20 100nM
RNA-Mix (5x) 4,00 Ix
Mn2+ (25mM 2,24 2.8mM
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Manganacetat)
total volume 15,00
Isolated RNA 5,00

Amplification conditions and settings on Lightcycler:

Reaction
Volume
Dual Color Hydrolysis Probe 20ul
Program Name Cycles Analysis Mode
Reverse Transcription 1 None
Amplification Program 1 2 Quantification
Amplification Program 2 45 Quantification
Cooling 1 None
Target [°C] Acquisition | Hold Ramp Acquisitions
Mode Rate [per °C]
[°CIs]
Reverse Transcription
50 None 5 min 4.4 -
95 None 1 min 4.4 -
61 None 5 min 2,2 -
Amplification Program 1
95 None 15s 4.4 -
60 Single 50s 2,2 -
Amplification Program 2
92 None 15s 4.4 -
60 Single 50s 2,2 -
Cooling
40 None 30 2,2

Result calculation:

Results are calculated based on relative crossing point values of SGLT-2 relative to

potential housekeeping gene crossing points.

While there are shown and described presently preferred embodiments of the invention, it
10 is to be distinctly understood that the invention is not limited thereto but may be otherwise

variously embodied and practiced within the scope of the following claims.
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Claims

1. An in vitro method for determining the expression level of a glucose transporter protein

in renal cells comprising:
5 a) isolation of renal cells from urine by filtration and

b) determining the expression level of the glucose transporter, wherein the isolated cells

are not cultivated irn vitro prior to step b).
2. The method of claim 1, wherein the expression level is determined by RT-PCR.

3. The method of claim 2, wherein the expression level is determined by RT-PCR using
10 housekeeping genes selected from the group consisting of CD13, MRPL19, and ALASI.

4. The method of claim 1 — 3, wherein the glucose transporter protein is selected from the
group consisting of GLUT-1, GLUT-2, SGLT-1 and SGLT-2.

5. The method of claim 4, wherein the glucose transporter protein is SGLT-2.
6. The method of claim 1 — 5, wherein the renal cells are proximal tubular epithelial cells.

15 7. The method claim 1 — 6, wherein the cells are isolated from urine using a polypropylene

membrane filter having a pore size of about 1.6 um.

8. The methods substantially as hereinbefore described, especially with reference to the

foregoing examples.
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