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Aims/Introduction: While SGLT2 accounts for >90% of kidney glucose reabsorption,
its pharmacological inhibition or genetic knockdown reduces glucose reabsorption by

Materials and Methods: We postulated that the less than expected glucosuric
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response to SGLT2 inhibition might result from a compensatory increase in the length of
the proximal tubule as seen in experimental diabetes where early tubular proliferation is

followed by tubular lengthening. Taking advantage of their differing anatomical locations,
stereological techniques were used to differentiate the SGLT1 expressing straight proximal
tubule that lies within the outer stripe of the outer medulla (S3 segment) and that of the

predominantly SGLT2 expressing early proximal convoluted tubule located within the
kidney cortex (51, S2 segments).
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Results: The SGLT2 inhibitor, dapagliflozin, induced an early, transient hyperplastic

response (3-fold increase of Ki67 labelling, P < 0.0001) in S3 proximal tubular cells

doi: 10.1111/jdi.70043

followed by a 32% increase in its length (P < 0.0001). In contrast, the length of the SGLT2

expressing S1, S2 segments of the proximal tubule was unaffected.

Conclusions: The finding that SGLT2 inhibition leads to expansion of the S3 segment
of the proximal tubule, the site of SGLT1, is suggestive of a physiological response to
diminish urinary glucose loss akin to that occurring in experimental diabetes. These
findings provide a cogent explanation for the less-thanthan-expected effect of this drug
class on glucose reabsorption.

INTRODUCTION

Close to 100% of the roughly 180 g of glucose that enters the
glomerular filtrate each day is reabsorbed. This vital physiologi-
cal process takes place exclusively in the proximal tubule and is
mediated by two sodium-linked cotransporters, sodium-glucose
linked cotransporter-2 (SGLT2) and SGLTI1. Under normal
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circumstances, up to 97% (160-180¢g) of glucose reabsorption
is mediated by SGLT2, while the remainder, a mere 3% (5g) is
undertaken by SGLT1'. Notably, the two transporters are local-
ized to specific segments of the proximal tubule. SGLT2 is
expressed in the early, convoluted segments of the proximal
tubule (S1, S2) that reside within the kidney cortex”. The
SGLT1-expressing straight proximal tubules (S3, pars recta), on
the other hand, lie within the outer stripe of the outer medulla
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(OSOM)>*. These different anatomical localizations within the
kidney enable the differentiation between the S1/S2 and S3 at a
light microscopic level.

While in theory, loss of SGLT2-mediated glucose transport
would be expected to reduce glucose reabsorption by >90%,
genetic knockdown or pharmacological inhibition only reduces
it by around 50%°. This phenomenon applies to both the
rodent and human settings where it is presumed to reflect a
dramatic increase in SGLT1-mediated glucose reclamation'
since dual SGLT1/2 knockout mice are incapable of renal glu-
cose reabsorption’. The mechanism underlying this compensa-
tory shift towards SGLT1, a high-affinity but low-capacity
transporter, is, however, unknown.

We hypothesized that the increase in SGLT1-mediated glu-
cose reclamation might reflect an increase in the size of the
proximal tubule where early tubular proliferation is followed by
tubular lengthening akin to that seen in experimental
diabetes” . Unlike diabetes, however, where the increase in
glucose load originates from the glomerular filtrate and exposes
the entire proximal tubule, with SGLT2 inhibition the increase
in urinary glucose originates in the S1, S2 segments so that
only the S3 is maximally exposed. Accordingly, we sought to
examine segmental proliferation and lengthening in the proxi-
mal tubule in response to SGLT2 inhibition, taking advantage
of their differing anatomical locations and the contribution of
the proximal tubule to kidney volumes in the cortex (48%) and
the OSOM (54%)"".

MATERIALS AND METHODS

Animals

Study 1

Thirty-two, 12-week-old male Sprague Dawley (SD) rats
(Charles River Laboratories, Saint Constant, QC, Canada) were
randomized to receive vehicle (5% 1-methyl-2-pyrrolidinone,
20% polyethylene glycol, and 20 mmoL/L sodium diphosphate)
or the SGLT2 inhibitor dapagliflozin (AstraZeneca, Mississauga,
ON, Canada) dosed at 0.5 mg/kg b.i.d. as previously described
for rodent administration by oral gavage'’, for 6weeks the
timeline for kidney growth in the diabetes setting'®. In 12 of
the rats (six vehicle, six dapagliflozin), glomerular filtration rate
(GFR) was determined using FITC-inulin just prior to
termination'”.

Twenty of the animals (10 vehicle, 10 dapagliflozin) were
housed in metabolic cages for 24h to assess urine glucose
(ABL825 Flex Series blood gas analyzer, Radiometer Canada) to
confirm dapagliflozin’s effect. To exclude extracellular fluid as a
contributor to changes in kidney weight, dry kidney weight was
determined by harvesting and drying the kidneys, as previously
described"*.

After metabolic caging, animals were terminated for tissue
collection. The right renal pedicle was clamped, following which
animals underwent left-kidney perfusion with 10% formalin
under 2-5% isoflurane anesthesia. The perfused (left) kidneys
were used for glomerular volume measurement and kidney
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stereology, and the non-perfused (right) kidneys were collected
for kidney weights (wet and dry).

Study 2

A study of 48 rats was undertaken to determine whether
hyperplasia contributed to kidney growth. Kidneys were exam-
ined at 1, 2, 3, and 7 days (n =6 vehicle, n =6 dapagliflozin at
each time point), replicating the time course for radiolabeled
thymidine incorporation in diabetic and uninephrectomized
rats’. Animals were terminated and their kidneys harvested.
The left kidney was fixed in formalin for subsequent in situ
hybridization and immunohistochemistry, and the right kidney
was frozen in optimal cutting temperature (OCT) compound
(Tissue-Tek; Sakura Finetek, Torrance, CA, USA) for subse-
quent immunofluorescence, as previously described”.

Tissue collection

Animals were anesthetized with 2-5% isoflurane, and a 4-5 cm
incision was made in the anterior abdominal wall to access the
kidneys and major vessels. The right renal artery and vein were
clamped, followed by removal of the right kidney for weighing
before being snap frozen in liquid N, prior to storage at —
80°C. Perfusion fixation of the left kidney was undertaken, as
previously reported'®. Perfused left kidneys were then cut into
3mm isotropic, uniform, and random (IUR) slabs using the
two-step orientator method to allow for a design-unbiased
tubule length estimation, as previously described'”"®.

Kidney morphology

Kidney volume, glomerular volume, and tubular length were all
calculated on perfusion fixed kidneys. As previously reported'®,
kidney volume was estimated using the equation:

V(kid) = W(kid) /p,

where W (kid) is the perfused kidney weight, and p
(1.04 g/cm’) is the weight-to-volume ratio of kidney tissue.

Glomerular volume

Glomerular volume was estimated using the model-based
method of Weibel and Gomez, as previously described'”. In
brief, 30-50 glomerular profiles were randomly sampled from
the H&E-stained slides and scanned with a Zeiss Axioscan.Z1
slide scanner microscope system prior to image analysis
(HALO image analysis platform, Indica Labs, Albuquerque,
NM, USA). The glomerular cross-sectional area (GA) was then
used to calculate the glomerular volume using the following
equation:

GV = %(GA)W,
where f (1.38) pertains to spheres, and k (1.10) is the distribu-

tion coefficient.
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Figure 1 | Diagram showing location of the proximal convoluted tubule (S1, S2) within the kidney cortex and the straight or pars recta portion (S3)
lying within the outer stripe of the outer medulla (left) https://aneskey.com/renal-physiology-and-its-systemic-impact (accessed January 10, 2025).
PAS stained, sagitally sliced rat kidney with line tracings to show the demarcation of anatomical zones of the kidney as cortex (C), outer stripe of
outer medulla (OSOM), inner stripe of outer medulla ISOM) and inner medulla.

Kidney volumes
Kidney volumes were calculated using the equation:

V(kid) = W(kid)/p,

where V (kid) is the estimated kidney volume, W (kid) is the
perfused kidney weight, and p (1.04 g/cm’) is the weight-to-
volume ratio of kidney tissue. The relative proportions of cortex
and medullary sizes were measured via the unbiased point
counting method from approximately four isotropic, uniform,
random sections per kidney, as described below for tubular
length.

The estimated cortical (cor) and medullary (med) sizes were
then calculated using the following equations:

V(cor) = V(kid) x V,(cor/kid) and
V(med) = V(kid) x V;(med/kid),

where V (cor) is the estimated cortical volume, V (med) is the
estimated medullary volume, V. (cor/kid) is the relative

proportion of cortex over total kidney size, and V, (med/kid) is
the relative proportion of medulla over total kidney size.

Tubule length
Proximal tubules were identified by their prominent brush bor-
der and cuboidal appearance in periodic acid-Schiff

(PAS)-stained sections®, separately analyzing the lengths of the
early proximal tubule (S1, S2) that lie within the cortex and the
late proximal tubule (S3) located in the OSOM (Figure 1).
Tubule length was calculated as previously described'®. In
brief, PAS-stained, perfused kidney samples were scanned at
20x bright-field using the Zeiss Axioscan.Zl slide scanner
microscope system. From the scanned images, 30-50
equal-sized fields of view were selected using systematic sam-
pling and analyzed using the two-dimensional unbiased count-
ing frame'®. Using a computer-based image processing software
with a built-in cell counter plugin®” *', two unbiased counting
grids were superimposed on each image, from which cells of
the proximal tubules and those of the more distal nephron
were separately counted (Figure 2). The total number of

© 2025 The Author(s). Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 2 | Proximal tubule and distal nephron profiles were counted
using two unbiased counting frames (23,716 pm? [inner square] and
108,900 pm2 [+outer square] for PT and DN, respectively). Proximal
tubules were recognized by their cuboidal appearance and PAS
positive brush border (*) in contrast to the thin, PAS negative cells of
the distal nephron (). Structures were counted if they touched the
inclusion (green) lines and were excluded if they touched the exclusion
(red) lines. PAS stain. Final magnification 30x. Scale bar: 100 pm.

sampled profiles for each structure (Q(tub)) was then used to
calculate the respective length densities of proximal and distal
nephron, using the following equation:

2¢ZQ(tub)
(frame)*XP(cor)’

L, (tub/cor) =
a

where (frame) is the area associated with a counting frame
(23,716 and 108,900 pum® for proximal and distal nephron,
respectively); P (cor) is the total number of points hitting the
renal cortex.

Since the tubule length densities were estimated relative to
the cortex, the relative volume of cortex in the kidney was
also required to estimate the tubule lengths. Test points were
superimposed on the images, and the number of points hit-
ting the cortex and medulla was counted using the ZEN (blue
edition) software. The relative cortex volume was calculated as
follows:

Table 1 | Body weight, urinary glucose excretion, glomerular volume
and filtration rate in control and dapagliflozin-treated rats

http://wileyonlinelibrary.com/journal/jdi

P(cor)
P(kid)’

Vy(cor/kid) =

where P (cor) is the number of points hitting the cortex, and P
(kid) is the number of points hitting the kidney.

Finally, proximal tubule length was calculated using the
equation:

Lr(tub) = L, (tub/cor)*V, (cor/kid)eV (kid),

where L, (tub/cor) is the relative tubule length density in the
cortex, V., (cor/kid) is the relative cortex volume, and V (kid) is
the kidney volume estimated by kidney weight. Both L, (tub/
cor) and V, (cor/kid) are calculated after tissue
processing-induced shrinkage.

Cell proliferation

Perfusion-fixed left kidneys were sectioned and immunostained
with anti-Ki-67 antibody to assess renal cell proliferation, as
previously described* using Ki-67 (mouse monoclonal anti-rat
Ki-67 antigen, clone MIB-5, DakoCytomation, Glostrup, Den-
mark) in 15 randomly selected fields of view (Halo Image
Analysis Platform, Indica Labs).

In situ hybridization

To confirm that SGLT1 expression was confined to cells with
PAS +ve brush borders lying within the OSOM, site-specific
expression of SGLT1 was determined by in situ hybridization.
This was undertaken using RNAscope (Advanced Cell Diagnos-
tics, Hayward, CA, USA) according to the manufacturer’s
instructions with custom software, as previously described™,
using a probeset specific for rat SGLT1. Hybridization signal
was detected using Fast Red, with hybridized RNA identifiable
as red puncta on light microscopy. To determine whether
SGLT1-expressing cells were undergoing proliferation, 5pm
serial sections were obtained and subjected to in situ hybridiza-
tion for SGLT1, with the following section immunostained for
Ki-67, as described above.

Immunofluorescence

Kidney cryosections (16 pm thickness) were fixed with cold 4%
paraformaldehyde for 15 min and rinsed with PBS, followed by
10 min immersion in permeabilization buffer (0.1% Triton X-100
in 1xPBS). Sections were subsequently rinsed with PBS, blocked
with 5% BSA for 1 h 30 min, and stained with primary antibodies
for SGLT1 (PA5-37937, Invitrogen, Whitby, ON, Canada) and
nephron segment specific markers NKCC2 (ab191315, Abcam,
Cambridge, UK; thick ascending loop of Henle), NCC (AB3553,
Millipore, Burlington, MA, USA; distal tubule), AQP2 (PA5-
78808, Invitrogen; sc-515770, Santa Cruz Biotechnology, Dallas,
TX, USA; collecting duct) at 4°C in a humidified chamber. Sec-
tions were allowed to warm up at room temperature for 1h
before rinsing with PBS for 6 X 10 min, followed by incubation
with secondary antibodies, Alexa Fluor 488 donkey anti-goat

Vehicle Dapagliflozin
Body weight (qg) 566+ 48 530+38
Urinary glucose (mmol/day) 001£000 285+£49*
GFR (p/min/g) 52108 53111
Glomerular volume (um?) 12402 13+01
Data as mean+ SD. *P < 0.001.
4 J Diabetes Investig Vol. ee No. ee eee 2025
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Figure 3 | Kidney weight (upper panel, a-c) and dry kidney weight (middle panel, d-f) and kidney volumes (g—i) in vehicle (@) and
dapaglifiozin-treated (@) rats. Kidney weights were expressed relative to body weight (b, e) and tibial length (c, f). Kidney volumes were assessed in
whole kidney (g), medulla (h) and cortex (j). Data are expressed as mean= SD. Each dot represents an individual rat. *#P < 0.01.

IgG, and Alexa Fluor 647 donkey anti-rabbit IgG (ThermoFisher
Scientific, Whitby, Ontario, Canada), and Alexa Fluor 488 don-
key anti-mouse IgG for 2 h at room temperature. After rinsing
with PBS for 6 X 10 min, slides were count-stained with nucleic
acid dye, Hoechst 33342 (Thermo Scientific, Rockford, IL, USA)
and mounted with anti-fade fluorescence mounting medium
(Abcam). Fluorescent images were taken on Zeiss LSM700 with a
20X objective.

Glomerular filtration rate

Before termination, rats underwent glomerular filtration rate
(GFR) measurement using a modified fluorescein isothiocyanate
(FITC)-inulin plasma clearance assay, as previously reported™*.
Briefly, rats were injected in the tail vein with 3.74 mL/g body
weight FITC-inulin. Tail vein blood was sampled at various
time points after FITC-inulin injection. Sample fluorescence

was detected using a Fluoroscan Ascent FL machine (Thermo
Scientific) with settings of 485 nm excitation and 538 nm emis-
sion. GFR was calculated using the following two-phase, expo-
nential decay curve using nonlinear regression statistics, as also
previously described”’, where GFR = I/(A/ + B/), where I is the
amount of FITC-inulin injected, A and B are the y-intercept
values for the two decay rates, and are the decay constants for
the distribution and elimination phases.

Statistics

Data are expressed as mean+SD unless otherwise specified.
Statistical significance was determined using 2-way anova with
Tukey’s multiple comparison post hoc test and unpaired Stu-
dent’s t-test on GraphPad Prism 8 (GraphPad Software, San
Diego, CA, USA). A P value of less than 0.05 was considered
statistically significant.

© 2025 The Author(s). Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

J Diabetes Investig Vol. ee No. e see 2025 5

85UB0| SUOLULLIOD @A 381D 3|dedldde aup Aq peusenoh aJe sapiie YO ‘SN JO'S3|NJ 10} ARIq| T 8UIIUO AB|IA UO (SUOIPLIO-PUR-SLUIBILLOD" AB 1M AR1q| 118U UO//:SaRY) SUO IPUOD PUe SWB L 84} 885 *[G202/70/r2] uo AriqiTaulluo AB|IM ‘€700L IPI/TTTT OT/I0Pp/W00" A8 1M AReid 1 foul U0/ SRy WO} papeo umMOd



ORIGINAL ARTICLE
Wu et al.

http://wileyonlinelibrary.com/journal/jdi

Figure 4 | Representative photomicrograph of in situ hybridization for SGLT1T mRNA in PAS-stained kidney sections of kidney cortex (left) and
OSOM (right). Proximal tubules are identified by their PAS +ve luminal brush border staining (thick juxtalumenal magenta band). Punctae of SGLT1
mMRNA are evident in proximal tubules from the OSOM but not the cortex. Final magnification 20x.

RESULTS

Animal characteristics

After 6 weeks, dapagliflozin led to glucosuria in all animals so
treated and was also associated with a numerical reduction in
body weight that did not reach statistical significance (Table 1).

Kidney size

Kidney weight and kidney weight indexed to either body
weight or tibial length were increased in rats that had received
dapagliflozin over the preceding 6 weeks (Figure 3). To account
for the effect of intra- or extracellular fluid retention on kidney
weight, dry kidney weights were also analyzed and expressed
relative to body weight and tibial length, showing changes simi-
lar to the freshly harvested organs (Figure 3).

A numerical but not statistically significant 11% increase in
whole kidney volume (P =0.07) was evident in rats that had
received dapagliflozin compared with those administered vehicle
for the preceding 6 weeks (Figure 3). Medullary volume, how-
ever, changed substantially more with an approximate 50%
increase in volume among rats assigned to receive dapagliflozin
(P <0.01) consistent with the expansion of the proximal tubule
in this region. By contrast, no between-group differences in cor-
tical volumes were seen.

In situ hybridization and immunolabeling

In situ hybridization confirmed that SGLT1 expression was
confined to the S3 segment of the proximal tubule as identified
by the presence of abundant SGLT1 mRNA puncta within
cuboidal cells with PAS +ve luminal brush borders located in
the outer stripe of the outer medulla (OSOM, Figure 4). By
contrast, SGLT1 mRNA puncta were not seen in brush border
—ve cells within the OSOM, nor in brush border +ve cells in
the cortex of PAS-stained sections. Double-labeled immunofluo-
rescence (Figure 5) confirmed the absence of SGLT1 expression

in the thick ascending loop of Henle (NKCC2), distal tubule
(NCC) or collecting duct (AQP2).

Proliferation

Cell proliferation, identified by the extent of Ki67 labeling, was
different between vehicle and dapagliflozin-treated rats
(P<0.0001). Cell proliferation peaked at Day 2 with a
three-fold increase in Ki67 immunolabeling in dapagliflozin-
treated rats before rapidly diminishing so that it was no longer
evident by Day 7 (Figure 6). The increase in Ki-67 immunola-
beling on Day 2 was confined to the S3 segment of proximal
tubules. Serial sections employing in situ hybridization for
SGLT1 mRNA and Ki67 immunolabeling confirmed that these
brush border PAS +ve cells expressed both SGLT1 and Ki67
(Figure 7). No increase in labeling was observed in glomeruli,
in the kidney cortex, or in other cell types within the OSOM.
Vehicle-treated rats showed no change in cell proliferation
throughout the course of the study in either tubular cells or in
glomeruli.

Proximal and distal tubule length

Using gold standard stereological methodology to determine
proximal tubular length, dapagliflozin-treated rats displayed a
near-doubling in length of the S3 segment when compared
with animals that had received vehicle at 6 weeks (P < 0.01,
Figure 8). The length of the SGLT2 expressing S1/S2 segments
of the proximal tubule located in the kidney cortex was, in con-
trast, unaffected by the administration of dapagliflozin.

Glomerular changes

After 6 weeks, GFR was similar in vehicle and dapagliflozin-
treated rats (Table 1). Similarly, no difference in glomerular vol-
ume between dapagliflozin-and vehicle-treated animals was
noted either.

6 J Diabetes Investig Vol. ee No. ee eee 2025
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Figure 5 | Representative photomicrographs of kidney sections examined by double-labeled immunofluorescence for SGLT1 and nephron-specific
markers showing the absence of colocalization in the thick ascending loop of Henle (NKCC2), distal tubule (NCC), and collecting duct (AQP2). Final

magnification 20X.

DISCUSSION

Mammalian life evolved in a world where calories were scarce.
As such, mitigating insensible energy-providing nutrient loss in
the feces or urine was fundamental to survival. When this
physiology is disturbed, as for instance in the glucosuria that
develops in diabetes, the proximal tubule lengthens, ostensibly
to increase the kidney’s capacity to reabsorb glucose and reduce
energy loss'’. The observation that the glucosuric effect, of
SGLT?2 inhibitors is substantially less than anticipated from this
transporter’s contribution to renal glucose reabsorption is also
consistent with this notion'. With only two transporters,
SGLT1 and SGLT?2, that are together responsible for reabsorb-
ing the entirety of glucose appearing in the glomerular filtrate®,
the present study goes some way to explaining the underlying

mechanism, showing that selective inhibition of SGLT?2 leads to
lengthening of the unaffected SGLT1-expressing S3 segment of
the proximal tubule. By contrast, lengthening of the
SGLT2-containing cortical segment of the proximal tubule
would not affect a reduction in glucosuria in the presence of
continued pharmacological inhibition of the transporter and,
accordingly, does not increase.

Of the two transporters, the vast majority of glucose reab-
sorption is mediated by the low affinity/high capacity SGLT2,
while the high affinity/low capacity SGLT1 is relegated to mop-
ping up the small remainder”. However, rather than inhibiting
90-97% of glucose reabsorption, pharmacological inhibition of
SGLT?2 leads to only 50% of the predicted inhibition'. To date,
a number of hypotheses have been put forward to account for
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Figure 6 | Time course of Ki67 labelling in kidneys of vehicle (@) and dapagliflozin-treated (@) rats in kidney cortex (a) and outer stripe of outer
medulla (OSOM, b) after 2 days of vehicle (c) or dapagliflozin administration. Data are expressed as mean = SD. Each dot represents an individual

rat. *P<0.001.

Figure 7 | lllustrative photomicrographs of serial sections showing in situ hybridization for SGLTT mRNA (left) and Ki67 nuclear immunolabeling
(right) in the OSOM 2 days after dapagliflozin administration indicating SGLT1 +ve cells undergoing proliferation. Final magnification 20x.
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Figure 8 | Length of the proximal convoluted tubule (S1/52) in the cortex (a) and its straight segment (S3) in the outer stripe of outer medulla (b)
after 2 weeks of vehicle (@) or dapaglifiozin (@) administration as measured on PAS-stained section using the two-dimensional unbiased counting
method. Data are expressed as mean = SD. Each dot represents an individual rat. *P < 0001.
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the less than predicted effect of SGLT2 inhibitors on glucose
reabsorption, many of which relate to the pharmacodynamic
properties of the drugs’. However, similar effects on glucose
reabsorption are observed when SGLT2 is genetically deleted
rather than inhibited pharmacologically”. And while the upre-
gulation of SGLT1 had been proposed as a possible compensa-
tory mechanism to counteract excess urinary glucose loss, its
expression in the kidney is not increased with SGLT2
knockdown®. The current study suggests, rather, that an
increase in the length of the SGLT1-containing S3 component
of the proximal tubule accounts for the diminutive glucosuric
response to SGLT2 inhibition.

Increase in the length of the proximal tubule is a well-
described phenomenon following the onset of streptozotocin-
induced diabetes'®. In that setting, tubular length increases rap-
idly following induction of streptozotocin-induced diabetes'.
As in the present study, proximal tubular cell proliferation in
diabetes is also readily detected in diabetes with a notable peak
2 days after the onset of glucosuria, followed by a rapid return
to basal conditions”. Unlike in the present study, however,
proximal tubular lengthening was accompanied by substantial
glomerular enlargement and an increase in GFR'’. Further
unlike the current study, proximal tubular measurements in
diabetes have been confined to the cortex and did not include
the S3 component of the proximal tubule that lies within
the OSOM.

The finding that a member of a nephroprotective drug class
induces an increase in kidney size may also seem at first glance
somewhat paradoxical. Several large-scale clinical trials have
consistently shown that SGLT2 inhibitors reduce the rate of
kidney function loss, yet nephromegaly is often linked to an
adverse prognosis in diabetic kidney disease’” **. This may,
however, be more guilt by association than causation since
nephromegaly is frequently accompanied by glomerular hyper-
filtration, itself an adverse prognostic sign®” *’. The two phe-
nomena, however, are not inextricably linked”**"”* as also
shown in the current study where nephromegaly occurs with-
out a commensurate increase in GFR.

The strengths of this study center on the detailed structural
and functional analyses using robust stereological techniques to
quantify tubular length, glomerular and kidney volumes. Its
limitation is first and foremost related to the fact that the study
was conducted in experimental animals rather than in humans.
While there have been a large number of clinical studies that
have examined the renal effects of SGLT2 inhibition, these
have, understandably, focused on kidney function rather than
structure. The data herein complement another study that
showed an increase in cell size of the S3 segment in response
to another SGLT?2 inhibitor, empagliflozin®. The present study
adds to this by demonstrating that the S3 segment actually
increases in length and that early transient cell proliferation is a
key feature in its development.

Beyond the experimental animal context, we noted one
SGLT2 inhibitor study in which CT imaging was used to
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measure kidney length at baseline and at study end™. In that
study of 62 patients with type two diabetes and moderately
good glycemic control (mean HbAlc 7.7%), Sugiyama et al
found that subjects who were treated with dapagliflozin dis-
played an increase in kidney length, as measured by CT,
while those receiving non-SGLT2-based treatment experienced
no change in kidney size, despite equivalent glucose
reduction”.

Finally, although the current study provides a cogent expla-
nation for the less-than-predicted glucosuria with SGLT2 inhi-
bition, we are cognizant of the fact that it was not conducted
in humans and that other mechanisms such as
post-translational modification of the transporter® that were
not explored in the present study may also contribute.
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