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Abstract

Objective—Growth hormone (GH) has been reported to enhance the intestinal barrier; as such,
recombinant GH has been administered for several intestinal diseases. However, excess GH action
has been implicated in increasing the risk of intestinal dysfunction. The goal of this study was to
examine the direct effects of GH on the small and large intestines to clarify the role GH plays in
intestinal function through the use of a mouse model.

Design—An intestinal epithelial-specific GH receptor (GHR) knockout (IntGHRKO) mouse line
was generated using Cre-lox with the villin promoter driving Cre expression. The generated mice
were characterized with respect to growth and intestinal phenotypes.

Results—IntGHRKO mice showed no significant changes in body length, weight, or
composition compared to floxed controls. Male IntGHRKO mice had significantly shorter large
intestines at 4 and 12 months of age. Intestinal barrier function was assessed by measuring the
expression of tight junction related genes, as well as levels of serum endotoxin and fecal albumin.
Results showed sex differences as males had an increase in occludin levels but normal serum
endotoxin and fecal albumin; while, females had changes in fecal albumin levels with normal
occludin and serum endotoxin. Evaluation of glucose tolerance and fat absorption also showed sex
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differences as females were glucose intolerant, while males had impaired fat absorption.
Histopathology revealed a trend towards decreased villus height in males, which could explain the
sex difference in glucose homeostasis.

Conclusions—Overall, the data demonstrate that disruption of GH on the intestinal epithelial
cells modestly affects the intestinal gross anatomy, morphology, and function in a sex-specific
manner.
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INTRODUCTION

Growth hormone (GH) is a metabolic hormone with numerous activities beyond longitudinal
bone growth. Since most tissues express the GH receptor (GHR), GH is thought to play an
important role in cellular metabolism throughout the body. The intestines are one of the
organs that expresses GHR. [1] This organ is crucial for the absorption of nutrients from
food and thus, helps modulate blood glucose levels. The importance of GH action on
intestine is not readily apparent, but several studies have demonstrated that GH plays an
important role in this tissue. A prominent link between GH and the intestine is exemplified
by the FDA-approved indication for use of recombinant human GH (rhGH) in the treatment
of short bowel syndrome (SBS), where it improves absorption of nutrients such as
carbohydrates, amino acids and fats [2-4]. Treatment with rhGH has also reportedly been
used in the treatment of inflammatory bowel disease (IBD) in both adult [5] and pediatric [6]
patients. Accordingly, GH [7] or its downstream effector signal transducer and activator of
transcription 5 (STAT5) [8,9] have been shown to maintain gut barrier function in an
inflammatory state. Despite excess GH action appearing to be beneficial in the context of
certain intestinal diseases, individuals with acromegaly have an increased gut transit time
[10,11] and increased risk of colon polyps [12], colon cancer [13-16], and colonic
diverticula [17], demonstrating the complexity of GH signaling in the intestine.

To investigate GH’s direct effects on the intestine, we generated and characterized an
intestinal epithelial cell-specific GHR knockout (INtGHRKOQO) mouse. These mice utilize a
villin promoter/enhancer-driven Cre recombinase [18] that deletes exon 4 of the GHR gene
in intestinal epithelial cells. Although the villin promoter/enhancer is widely used to direct
intestine-specific gene disruption [8,19,20], it is important to note that the proximal
convoluted tubular cells of the kidney also express villin [18].

Due to the growth promoting effects of GH both in the intestines [21,22] and in other
tissues, it was hypothesized that InGHRKO mice would have decreased intestinal length, as
well as decreased villus height. As GH has been shown previously to enhance the intestinal
barrier, improve absorption of nutrients and increase intestinal length, we also hypothesized
that INNGHRKO mice would have defects in the intestinal barrier, impaired absorption and
decreased body weight and changes to their body compaosition due to decreased intestinal
length. Modest effects on intestinal gross anatomy, morphology, and function in a sex-
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specific manner were found that help explain the role of GH on intestinal structure and
function.

MATERIALS AND METHODS

Mouse generation and care

INtGHRKO mice were developed using the Cre-lox system with villin promoter/enhancer-
driven Cre expression, which expresses Cre recombinase in intestinal epithelial cells as well
as in the proximal convoluted tubule of the kidney. B6.Cg-Tg(Vill-cre)997Gum/J mice
(Jackson Laboratory Stock #004586) were crossed with mice with exon 4 of the GHR gene
flanked by LoxP sites. Because Cre recombinase excises any DNA sequence between two
LoxP sites, mice with the GHR gene disrupted in all intestinal epithelial cells (IECs) [18]
(hereafter referred to as INtGHRKO) were generated by this cross. along with control mice
with only the flanked exon 4 (hereafter referred to as floxed). In the “floxed” mice that lack
Cre recombinase, the GHR gene remains intact and is able to produce functional GHR.
Mouse numbers, ages, and sexes are listed in the methods for each experiment. All mice
were housed in the Ohio University animal facility on a 14 hour light, 10-hour dark cycle.
Mice were given access to chow and water ad /ibitum, except where otherwise noted. All
animal procedures were approved by the Ohio University Institutional Animal Care and Use
Committee. All mice used were bred onto a C57BI/6J background, with at least eight rounds
of backcrossing.

Confirmation of GHR gene disruption

Disruption of the GHR gene at the DNA level was confirmed using polymerase chain
reaction (PCR) of the GHR gene locus. DNA was isolated from mouse tail samples by
incubation in 100 pl of 25mM NaOH, 2mM EDTA solution for 1 hour at 95°C followed by
the addition of pl of 40mM Tris-HCI. PCR was carried out using GoTaq Hot Start
Polymerase (Promega) according to manufacturer’s instructions. Primers were designed as
described previously [23-25] to bind in the introns on either side of exon 4 of the GHR gene.

In order to detect this IEC-specific disruption, IECs were isolated as previously described
[26]. Briefly, the intestines were cut into approximately 5mm slices and rinsed in PBS. The
intestine pieces were then transferred to a tube containing PBS/3mM EDTA and incubated
for 30 minutes on ice with light shaking. Next, the PBS/EDTA was replaced with PBS, and
the tube was vortexed, releasing epithelial cells into the supernatant. The supernatant cells
were pelleted, and DNA was extracted as described earlier for use in PCR.

In cells without Cre recombinase activity (most non-1EC cells), the exon is not excised,
leaving a longer PCR product. In these cells, functional GHR protein may be produced. The
primer sequences used to target the full length GHR gene were; Forward primer: 5’-
TCAGAACGTGGAACATCTTCAG, Reverse primer: 5’-CGGACATTGCATCTGTGATT.

Measurement of RNA expression with quantitative reverse transcription PCR (gRT-PCR)

Intestinal tissue (25 mg; n = 7) was homogenized using a Precellys 24 homogenizer and
Cryolys cooling system (Bertin Technologies) [27]. RNA was extracted from 25mg of snap-
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frozen tissue using the GeneJET RNA Purification Kit (Thermo Scientific) according to
manufacturer’s instructions. Total RNA (1ug) was reverse transcribed to cDNA using the
Maxima first strand cDNA synthesis kit (Thermo Scientific), and cDNA samples were
diluted 1:20 for use in quantitative PCR (qPCR). The gPCR reaction was carried out using
the Bullseye EvaGreen Mastermix-ROX kit (MidSci) according to the manufacturer’s
instructions on a StepOne Plus thermocycler, using the manufacturer’s recommended
consumables. The RNA expression was determined using gBasePLUS 2.3 software with two
reference genes for each tissue [28]. The reference genes used for small intestine and kidney
were Hprt and Ppib [29], and for liver were Actb and Hprt. Primer sequences for the 8 genes
assayed are listed in Table 1.

Gross morphology measurements

Mice were sacrificed via cervical dislocation following anesthesia with CO».Mice (n=10)
were dissected at 4 and 12 months of age, and tissues, including visceral organs, white and
brown adipose tissue, brain, and leg muscles (quadriceps, gastrocnemius, and soleus), were
weighed. Nasal-anal body length was determined (n=10) in euthanized mice just prior to
dissection. The intestines were further processed using the following method. The
abdominal cavity was opened, and the gastrointestinal tract was cut at the pylorus and the
anus, and the intestines were removed. The pancreas and mesenteric fat were removed from
the intestines, and the small and large intestines were divided at the ileocecal valve. The
intestines were cut longitudinally, rinsed in ice cold PBS to remove the contents and then
straightened without tension. The length was measured in centimeters for both the small and
large intestine separately. Excess PBS was removed, and the intestines were weighed.

Microscopic morphology measurements

For histological analysis, intestines were prepared using the intestinal bundling technique as
previously described in the literature [30]. After 24 hour fixation, the intestines were cut into
short pieces, formed into bundles using surgical tape, and sliced into thin bundles and stored
in 70% ethanol until embedding. Sections of 5um thickness were transferred to slides and
stained with hematoxylin and eosin (H&E) according to manufacturer’s instructions (Leica
ST Infinity H&E Staining System).

For villus height and crypt depth measurements, images were taken at 100X magnification
with Nikon Eclipse E600 microscope. Well-oriented crypts and villi were measured using
the Fiji distribution of ImageJ. The intestines were measured on three mice per group, at
least 3 images per mouse, with at least 10 well-oriented crypts or villi measured for each
sample [31].

Body composition

Body composition was determined over time starting at 2 months (n=42/sex/genotype) until
18 months of age (n=13/sex/genotype) using a Bruker Minispec mq NMR analyzer (The
Woodlands, TX, USA) as previously described [24,27,32].
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Glucose tolerance test (GTT) and insulin tolerance test (ITT)

GTTs were performed at 7 months of age (n=5-6/sex/genotype) [24,27,32,33]. Mice were
fasted for 12 hours before commencement of the experiment. Each mouse received an
intraperitoneal (IP) injection of 10% glucose at a dose of 1 g/kg body weight. Blood glucose
was measured before the glucose injection and at 15, 30, 45, 60, and 90 minutes after
injection. ITTs were performed at 7.25 months of age in a fed state (n= 5-6). Recombinant
human insulin (Humulin-R; Eli Lilly & Co, Indianapolis, Indiana) was prepared by diluting
Humulin-R (100 U/ml) to 0.075 U/mL in sterile saline (0.9%). Each mouse received an IP
injection of the 0.075 U/ml insulin solution at a dose of 0.75 U/kg body weight. Blood
glucose measurements were performed before the insulin injection and at 15, 30, 45, and 60
minutes after injection.

Intestinal barrier function: serum endotoxin and fecal albumin measurement

Serum was collected at dissection. Endotoxin levels in the serum were measured using a
Pierce LAL Chromogenic Endotoxin Quantitation Kit according to manufacturer’s
instructions (n=6-10/sex/genotype). For fecal albumin measurements, fecal pellets were
collected at 24 months of age (n=7) and suspended in deionized water to a concentration of
100 mg/ml. The pellet suspension was vortexed until homogenized and centrifuged at 12
000 RCF for 30 seconds to pellet solids, and the supernatant was used in a bromocresol
green assay (Sigma #MAK124). The manufacturer’s instructions were followed with the
exception of using 100pl of diluted fecal sample in order to adjust the albumin concentration
into the detectable range [34].

Intestinal fat absorption assay

Statistics

RESULTS

Mice (aged 26 months; n=3) had their food replaced with a semi-synthetic chow with a fat
component of 95% absorbable fats and 5% sucrose polybehenate (a non-absorbable food
additive) for 3 days. Fecal pellets were collected from the cages of each mouse on days 3
and 4, sent to University of Cincinnati Mouse Metabolic Phenotyping Center, and analyzed
using gas chromatography. The ratio of behenate to other fatty acids in the feces was
compared to the ratio in the chow to determine the amount of fat absorbed in the intestines
[35].

For each experiment, data were analyzed using Student’s t-test to compare each group with
their littermate controls. Data analysis were carried out using SPSS version 22. Results were
deemed significant if the p < 0.05.

GHR gene disruption in the intestinal epithelium

Mice with an intestinal epithelial cell-specific knockout of the GHR gene were generated by
crossing villin-Cre transgenic mice with mice that have exon 4 of the GHR gene flanked by
LoxP sit (Ghrflox/floxy (Figure 1, top) to produce INtGHRKO mice (CxFF) along with
littermate floxed controls (xxFF). GHR gene knockout was confirmed using PCR of the
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GHR gene with primers that bind in the introns on either side of exon 4. Thus, successful
disruption of the GHR gene results in different length DNA fragments following PCR. In
isolated IECs of INtGHRKO mice, exon 4 of the GHR gene was deleted. The GHR gene
remained intact in tail samples from the IntGHRKO mice and isolated IECs and tail samples
from floxed controls (Figure 1, middle).

RNA expression of the GHR gene (Figure 1, bottom) was used to further confirm the gene
disruption and validate its tissue specificity. However, GHR expression was unchanged in
the small intestine and liver, while the kidneys of INnGHRKO mice had decreased GHR
expression compared to the kidneys from control mice.

Body weight and composition

Tissue size

INtGHRKO mice, both males and females, showed no persistent change in body weight, fat,
lean, or fluid mass (Figure 2). At a few isolated time points, male INntGHRKO mice showed a
significant decrease in lean (3, 4, 6, and 12 months) and fluid (5, 6, and 12 months) mass,
but these changes did not persist over time.

Dissected organ weights (Tables 2 and 4) were unchanged in both male and female
INtGHRKO mice at two ages, 4 months and 12 months. The organs measured included liver,
kidney, heart, lung, brain, five different fat depots (perigonadal, subcutaneous,
retroperitoneal, and mesenteric white adipose tissue and intrascapular brown adipose tissue),
and three different muscles (gastrocnemius, soleus, and quadriceps) (Table 2, Table 4).
Weights of the small and large intestine were also unchanged; however, the large intestinal
length was decreased in IntGHRKO males at both ages, while the small intestine length
remained unchanged. INtGHRKO females showed no change in length or weight of large or
small intestine at either age (Table 3, Table 5).

Villus height and crypt depth

Villus height (in the small intestine) and crypt depth (in the small and large intestines) were
used as measurements of mucosal morphology. Measurements were made in four regions of
the intestines: duodenum, jejunum, ileum, and colon. INtGHRKO males had no significant
changes to villus height in the duodenum, jejunum, or ileum, but there was a trend towards
shorter villi in the INGHRKO mice (Fig. 2 and 3). Crypt depth followed a similar pattern,
with no significant changes in crypt depth in the duodenum, jejunum, ileum, or colon, but
once again, a trend towards decreased crypt depth in the IntGHRKO mice.

Glucose metabolism

Male and female IntGHRKO mice were tested for glucose tolerance at seven months of age.
When compared to floxed littermate controls, male mice had no significant change in
glucose tolerance compared to controls (AUC 20716+1167 in INtGHRKO vs. 25259+1657
in Floxed, p=0.49) (Fig. 5 C-D). However, female IntGHRKO mice were glucose intolerant
(area under the curve [AUC] 23403786 in IntGHRKO vs. 19688+413 in Floxed, p<0.006).
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INtGHRKO males showed no significant change in insulin tolerance at any time point.
INtGHRKO females, on the other hand, showed a significant insulin resistance at the 45 and
60-minute time points (Fig. 5 E-F); however, when normalized to basal glucose levels to
account for differences in basal glucose, no significant difference was detected. No
difference in fasting or fed blood glucose levels was observed in either sex (Fig. 5 A-B).

Gut barrier function was measured in three ways: 1) RNA expression of the tight junction-
related genes occludin (gene symbol Ocln) and zona occludens 1, 2 and 3 (gene symbols
Tjpl, Tjp2, and Tjp3), 2) fecal albumin, a marker for blood entering the lumen and 3) serum
endotoxin, which serves as a marker for luminal contents entering the blood.

The gRT-PCR results of small intestine tissue in male INtGHRKO mice showed a significant
increase in occludin expression when compared to controls, while no significant change was
observed in the expression of the zonula occludens genes (Fig. 6 C). Despite the increase in
occludin expression, no change was observed in males in the fecal albumin or serum
endotoxin tests (Fig. 6 A and B). Female IntGHRKO mice showed decreased fecal aloumin
when compared to controls, while no change is observed in the serum endotoxin test.

Intestinal fat absorption assay

The ability of the IntGHRKO mice to absorb fat during digestion was measured using a
sucrose polybehenate assay. ItnGHRKO males had significantly decreased fat absorption
compared to floxed controls, while females had no difference (Fig. 6 D). Both groups of
females had intermediate values compared to the extreme values in males, and the female
mice had a much higher variation between individuals within each group, which might
account for the lack of difference between the female groups.

DISCUSSION

Overall, the differences between IntGHRKO mice compared to controls were modest and
sex specific. The only morphological change (gross or microscopic) observed in IntGHRKO
mice was a male-specific decrease in large intestinal length, as the other intestinal lengths
and weights and villus heights and crypt depths were unchanged compared to controls.
Female INtGHRKO mice showed impaired glucose metabolism, while males had decreased
fat absorption. Unexpectedly, INtGHRKO mice showed a weak improvement to gut barrier
function. IntGHRKO mice show no change in body weight or fat mass, and no persistent
change in fluid mass or lean mass.

Disruption of the GHR gene was validated using PCR of the GHR gene in the genomic
DNA and gPCR of the GHR mRNA. Although the DNA and RNA results seem
contradictory, the DNA extraction was performed on isolated IECs, while the RNA
extraction was performed on the whole small intestine, without an IEC isolation. This
difference was due to the length of the IEC isolation process, as RNA from isolated IECs
was not of sufficient quality to perform qPCR. The unchanged small intestine GHR RNA
expression could be explained by the presence of non-1ECs in the intestine that retain an
intact GHR gene.
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Global disruption of the GHR gene results in dwarf mice that are highly insulin sensitive and
serve as a model of Laron syndrome, which is the human disease characterized by GH
insensitivity due to a GHR mutation. GHR has also been knocked out specifically in tissues
such as liver [23], fat [25,36], muscle [24], and heart [33], as well as cell types, including
pancreatic beta cells [37] and macrophages [38]. When GHR is disrupted individually in the
major insulinsensitive tissues (liver, fat, and muscle), changes in the body composition are
observed. For example, liver GHRKOs have decreased body weight [23] but also decreased
fat mass, which is also seen in muscle GHRKO mice [24]. Meanwhile, fat specific
knockouts (FaGHRKO and AdGHRKO) have increased fat mass, but only FaAGHRKO mice
have increased body weight. [27,36].

INtGHRKO mice, like other cell type-specific knockouts, showed no persistent change in
body weight or fat mass. However, changes are seen in fluid mass. This change may be due
to the reduced GHR expression in the kidneys, which presumably is a result of the
expression of villin (and therefore, Cre recombinase in INtGHRKO mice) in the proximal
tubule of the kidney [18]. Despite the changes in fluid mass observed in INNnGHRKO mice,
GH alterations in the proximal tubule should not cause alterations in water retention
according to current knowledge about GH’s effects on the kidney. [39] GH’s effects on the
nephron are either IGF-1 mediated (calcium and phosphate homeostasis) or limited to the
distal tubule (sodium and water homeostasis). One exception to this is kidney
gluconeogenesis, which will be discussed below.

Other results from this study support the weakness of the kidney phenotype in INntGHRKO
mice. Although kidney GHR expression was reduced, no change in kidney weight was
observed. One of the main GH-responsive genes in the proximal tubule of the kidney [40],
1-a-hydroxylase, showed no change in RNA expression in INtnGHRKO mice compared to
controls (0.44+0.5 in INtGHRKO vs 1+0.8 in floxed, p=0.18). These data indicate that the
phenotype in the kidneys is mild; however, the possibility of the kidney GHR disruption
affecting the other experimental results cannot be completely excluded.

Nearly all GHR gene disruptions, global or tissue specific, result in changes in glucose
metabolism. Global GHRKO mice have improved glucose metabolism [41], as do the
muscle specific GHR knockout animals [24]. In contrast, conditional knockouts in the liver,
heart, pancreatic beta cells, and macrophages resulted in an impaired glucose homeostasis
phenotype. Since the intestinal epithelium is crucial for nutrient absorption and, therefore,
nutrient balance, it makes sense that alterations in the IECs could affect glucose
homeostasis. In the current study, IntGHRKO mice had a range of glucose metabolism from
normal (male mice) to impaired (females), which aligns the weak phenotype of the other
cell-type specific (macrophage and beta cell) knockout lines, as both required a high fat diet
for their changes in glucose metabolism to be observed [37,38]. Renal gluconeogenesis is a
major source of circulating glucose in fasting conditions, but has minimal effect in a fed
state.[39] Although the glucose tolerance tests in this study were conducted in fasted mice,
the altered glucose metabolism in females is also observed in the insulin tolerance tests,
which occurred in a fed state. If alterations to renal gluconeogenesis were occurring in the
INtGHRKO mice, a change in fasting glucose would be expected; however, none was
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observed, indicating that the alterations to glucose metabolism seen in INtGHRKO females
were kidney-independent.

It has previously been reported [21] that excess GH not only increases small intestinal
length, but also the mucosal mass, including increased villus height and crypt depth. As a
result, the intestinal length and weight, as well as the villus height and crypt depth of
INtGHRKO mice were compared to floxed littermate controls. The small intestine length of
INtGHRKO mice were unchanged compared to controls, while large intestine length was
decreased in INNGHRKO males. Since INtGHRKO mice only have intestinal GHR disruption
in the epithelial cells, this indicates that the effects of GH on intestinal length are primarily
due to GH actions on the subepithelial layers of the intestine, or that GH is not directly
involved. Despite the GHR disruption in the epithelial cells, no significant change was seen
in the measures of mucosal morphology, the villus height, and crypt depth. This lack of
difference contrasts to what is seen in transgenic mice with excess GH (bGH mice), which
show increased villus height and crypt depth (unpublished data). This supports the notion
that GH action in the subepithelial layers of the intestine is the major determinant of GH
responses in intestinal morphology.

When STATS5, a downstream effector of GHR, is knocked out in the IECs, a gut barrier
defect is the result [8,42]. Therefore, the gut barrier function of INtGHRKO mice was
examined with two physiological tests and measurement of the RNA expression of gut
barrier genes. In our study, the expression of tight junction genes occludin (Ocln), as well as
Zonula occludens 1, 2, and 3 (Tjpl, Tjp2, and Tjp3) were measured at the RNA level.
INtGHRKO male mice have a significant increase in occludin expression in the small
intestine, indicating that they may have a capacity for improved barrier function, although
the other tight junction genes were unchanged. When the barrier function was measured
with physiological tests including fecal albumin and serum endotoxin, no difference was
seen in males in either test, while females had decreased fecal albumin, indicating a possible
negative effect of GH on this aspect of the intestinal barrier.

The ItGHRKO mice have male-specific impaired intestinal fat absorption. This impairment
occurs despite having no change in small intestinal length, which is notable considering
intestinal fat absorption is heavily influenced by intestinal length, as demonstrated by the
steatorrhea in short bowel syndrome [43]. INtGHRKO mice also have no change in intestinal
weight, villus height, or crypt depth, which in combination with the intestine length results
indicates that the IntGHRKO mice may have similar epithelial surface area to controls.
Despite the decreased fat absorption, no change is seen in body mass, fat mass, or the mass
of individual fat depots. This may be due to the nature of the assay used to measure fat
absorption: the assay can only measure the amount of fat that has left the intestinal lumen,
but it does not distinguish between different fates of the fat, whether it accumulates in the
enterocytes, is processed into chylomicrons, or follows some other pathway.

As a whole, ItGHRKO mice are similar to some of the other cell-type specific (macrophage
and beta cell) GHR knockout mouse lines in that a relatively mild phenotype is seen. The
changes that are seen in IntGHRKO mice generally agree with the results expected based on
previous studies in this area, with effects seen on intestinal growth and the intestinal barrier.
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Future work is needed to better understand the difficult to explain results, namely the
discrepancy between the gut barrier gene expression and the physiological test of barrier
function, as well the counterintuitive changes seen in the fat absorption assay. Further
experiments also would include challenging the IntGHRKO mice with a high fat diet, which
has been successful in amplifying the phenotype in other cell type-specific GHR knockout
lines. [37,38]
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HIGHLIGHTS
. INtGHRKO mice had normal gross morphology in most tissues
. Sex-specific changes in the gut barrier were observed in INNnGHRKO mice
. Glucose metabolism was impaired in INtGHRKO females
. INtGHRKO males had decreased fat absorption
. INtGHRKO mice had similar microscopic morphology to controls
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Figure 1. Gene construct and knockout confirmation.
Top: GHR gene locus in GHR floxed mice, in which exon 4 of the GHR gene is flanked by

LoxP sites. In cells with expressed Cre recombinase, exon 4 is excised from the genome,
while cells that lack Cre can express functional GHR protein. Middle: PCR results showing
GHR gene disruption. Cells that have exon 4 intact show ~1 kilobase bands, while cells with
exon 4 excised show ~0.25 kilobase bands. Bottom: qPCR results showing GHR gene
expression in different tissues. n=7, *signifies p<0.05. Abbreviations- Tail: tail sample, S.1.:
isolated IECs from small intestines, L.1.: isolated IECs from large intestines.
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Figure 2. Body composition of INntGHRKO mice.

Months of Age

A-B: Body weights of INtGHRKO males (A) and females (B) and controls. C-D: Fat mass of
INtGHRKO males (C) and females (D) and controls. E-F: Lean mass of INGHRKO males
(E) and females (F) and controls. G-H: Fluid mass of INtGHRKO males (G) and females (H)
and controls. n>42/sex/genotype at 2 months, n> 13/sex/genotype at 18 months, * indicates

0<0.05.
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Figure 3. Epithelial measurements.
Villus height and crypt depth of IntnGHRKO and control mice in each section of small

intestine or large intestine. (n=3/genotype, =10 villi or crypts per mouse)
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Figure 4. Intestinal morphology.
Micrographs (100x magnification) of H&E stained sections of intestines from 24 month old

male INtGHRKO mice and littermate controls. Scale bars signify 100um.
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Figure 5. Glucose metabolism.
A and B: Blood glucose measurements in the fasting and fed state. C and D: Male (C) and

female (D) intraperitoneal glucose tolerance tests. E and F: Male (e) and female (f) insulin
tolerance tests. (n=5-6, *indicates p<0.05)
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Figure 6. Gut barrier function and Fat absorption.
A: Measurement of fecal albumin concentrations using bromocresol green assay (n=7). B:

Serum endotoxin measurement using a LAL assay (n=6-10). C: RNA expression of gut
barrier-related genes measured with quantitative PCR (n=7). D: A specialized diet using
sucrose polybehenate was used to determine efficiency of fat absorption in the intestines.
(n=3/sex/genotype). *indicates p<0.05
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gPCR primer sequences

Gene | Direction | Sequence (5'—3")

Actb | F CAGCTTCTTTGCAGCTCCTT

Actb | R CACGATGGAGGGGAATACAG

Ghr F GCCTGGGGACAAGTTCTTCTGGA
Ghr R TGCAGCTTGTCGTTGGCTTTCCC
Hprt F ATCAGTCAACGGGGGACATA

Hprt R AGAGGTCCTTTTCACCAGCA

Ocln F GGAGGACTGGGTCAGGGAATA
Ocln R TGACGTCGTCTAGTTCTGCC

Ppib F GCTACAGGAGAGAAAGGATTTGGC
Ppib R TGGGAAGCGCTCACCATAGA

Tjpl F CTGATAGAAAGGTCTAAAGGC
Tjpl R TGAAATGTCATCTCTTTCCG

Tjp2 F CAAATGAAGAGTATGGGCTC

Tjp2 R GATCTTGAGAATTATTGTCCCC
Tjp3 F CTTTATCTTACAGATCAACGGG
Tjp3 R GTCTGAGATGTCTTCCATTAG
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