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Summary

It is well known that somatotrophic/insulin signaling affects lifespan in experimental animals. To

study the effects of insulin-like growth factor-1 (IGF-1) plasma level on the morphology of major

organs, we analyzed lung, heart, liver, kidney, bone marrow, and spleen isolated from 2-year-old

growth hormone receptor knockout (GHR-KO) Laron dwarf mice (with low circulating plasma

levels of IGF-1) and 6-month-old bovine growth hormone transgenic (bGHTg) mice (with high

circulating plasma levels of IGF-1). The ages of the two mutant strains employed in our studies

were selected based on their overall ~50% survival (Laron dwarf mice live up to ~4 years and

bGHTg mice up to ~1 year). Morphological analysis of the organs of long-living 2-year-old Laron

dwarf mice revealed a lower biological age for their organs compared with normal littermates,

with more brown adipose tissue (BAT) surrounding the main body organs, lower levels of

steatosis in liver, and a lower incidence of leukocyte infiltration in different organs. By contrast,

the organs of 6-month-old, short-living bGHTg mice displayed several abnormalities in liver and

kidney and a reduced content of BAT around vital organs.
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Introduction

Risk factors such as obesity, diabetes, high caloric consumption and lack of physical

activity, lead to atherosclerosis of the cardio-vascular system and cancer, impair the function

of vital organs, and limit overall life span (Fontana et al., 2008; Piper and Bartke 2008;

Ikeno et al., 2009). All these risk factors are directly or indirectly related to prolonged

insulin/insulin-like growth factor signaling (IIS) and must ultimately have an impact on

tissue rejuvenation (Kucia et al., 2013). In particular, the plasma level of insulin-like growth

factor-1 (IGF-1) inversely correlates with life span in experimental animals (Bartke, 2008).

To evaluate the effect of IGF-1 plasma level on the morphology of major organs, we

focused on two mouse models which express different levels of IGF-1 which impact the life

span of the mouse strains including the i) long- living Laron dwarf mice, which have very

low levels of plasma IGF-1, and ii) short-living mice that overexpress bovine growth

hormone (bGH), which have elevated plasma levels of IGF-1 (Zhou et al., 1997; Olsson et

al., 2003).

Long-living Laron dwarf mice have a deletion of the GH receptor/GH-binding protein gene

(GHR-KO) that makes them insensitive to GH signaling. As a result of GH resistance, these

mice have reduced plasma levels of circulating IGF-1 and insulin, with simultaneously

elevated GH levels. They live for up to 4 years, are smaller than normal littermates, and

display enhanced insulin sensitivity and normal or slightly decreased glucose levels in blood

(Gesing et al., 2011). Furthermore, recent results show that GHR-KO mice, like other

murine strains with disruption of the GH/IGF-1 axis, are more resistant to cancer

development (Clayton et al., 2011), and fibroblastic cell lines derived from these mice are

more resistant to stress (Salmon et al., 2005; Harper et al., 2007). Extended life span in these

mice correlates with better overall health status in advanced age compared with wild type

(WT) animals. Moreover, Laron dwarf mice display better long-term memory (Kinney et al.,

2001) and delayed immune and collagen aging (Flurkey et al., 2001). Female GHR-KO

mice show prolonged ovulation compared with WT animals and may become pregnant at

advanced age, as recently reported (Sluczanowska-Glabowska et al., 2012).

The second strain employed in our studies overexpress bovine growth hormone (bGH) under

control of the phosphoenolpyruvatecarboxykinase (PEPCK) promoter. These mice live ~1

year, which is ~50% shorter than control littermates that lack this transgene. High plasma

levels of bGH in these animals results in increased blood plasma IGF-1 level. Due to the

high levels of GH, these mice display increased body mass, hyperplasia, and hypertrophy of

several organs including liver (Bartke et al., 2002; Miquet et al., 2008). Other characteristic

features of these animals are low adipose tissue content and insulin resistance (Palmer et al.,

2009). These animals also share some features with acromegalic human patients including

hypertension, hyperinsulinemia, endothelial dysfunction and kidney glomelurosclerosis

(Bartke et al., 2002).

Aging of the tissues and organs is characterized by several morphological features. The most

common include; i) tranformation of organ-associated brown adipose tissue (BAT) into

white adipose tissue (WAT), ii) nuclear enlargement in hepatocytes, iii) the presence of fatty
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liver, iv) a depletion in germinal cells in the gonads, v) an increase in lipofuscin-containing

cells in the testes, and vi) signs of mild inflammation in various organs (Maronpot, 1999).

In our studies we employed both strains of mice at approximately the midpoint of their

maximal life span (2-year-old GHR-KO and 6-month-old bGHTg mice) for morphological

analysis. We also employed their normal age-matched littermates as controls.

Material and methods

Animals

This study was performed in accordance with the guidelines of the Animal Care and Use

Committee of the Southern Illinois University, the Laboratory Animal Care Committee of

the University of Louisville School of Medicine, and the Guide for the Care and Use of

Laboratory Animals (Department of Health and Human Services, publication no. NIH

86-23).

The experiments were performed on adult (2-year-old) wild type (WT) mice, GH receptor

knockout (GHR-KO, Laron) mice, 6-month-old bGHTg mice, and 6-month-old WT mice as

control animals. Mice were housed in a room with a photoperiod of 12 h light and 12 h

darkness and a temperature of 20°C and were given free access to standard rodent chow and

tap water until the animals were sacrificed and the tissues collected.

Laron dwarf GH receptor-binding protein knockout (GHR-KO) mice

Control and GHR-BPKO(also termed Laron) male mice used in this study were produced in

our breeding colony by crossing 129Ola/BALB/c GHR+/− animals (generously provided by

Dr. J. J. Kopchick) with mice derived from crosses between C57BL/6J and C3H/J strains

and maintained as a closed colony with inbreeding minimized by avoiding brother × sister

matings. GHR−/− males were mated with heterozygous (GHR+/−) females to produce

GHR−/− mice (Zhou et al., 1997).

Bovine GH transgenic (bGHTg) mice

Male phosphoenolpyruvatecarboxykinase (PEPCK)-bGHTg male mice and their normal

male siblings were originally produced by microinjecting the bGH structural gene fused

with the promoter of the rat PEPCK gene into the pronuclei of fertilized mouse eggs

(McGrane et al., 1988). The hemizygous Tg mice used in this study were produced by

mating GH-Tg males with normal C57BL/6 × C3H F1 hybrid females.

Morphological studies

Hearts, lungs, livers, kidneys, and spleens were fixed in 10% buffered formalin for 24 hours

and, after dehydration, embedded in paraffin blocks.

Femurs from 2-year-old mice were fixed in 10% neutral buffered formalin for 24 hours.

After fixation, the bones were decalcified in Decal (Decal Corporation, NY, USA) for 24

hours, transferred to 70% ethanol for dehydration, and embedded in paraffin blocks.
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Deparaffinized sections of all tissues (3 μm thick) were hydrated and stained with

hematoxylin and eosin (Sigma) according to the manufacturer’s protocol. Livers and

kidneys were stained using the PAS (periodic acid Schiff) method. After staining, sections

were dehydrated and immersed in a droplet of mounting medium (Sigma). Images were

collected with an Olympus IX81 inverted microscope (Olympus, Germany) with color

camera and with CellSens image processing software (Olympus, Germany).

Densitometric analysis of bones

Humeri were harvested and immediately fixed in 10% neutral buffered formalin for 24

hours. Specimens were embedded in 1% agarose and placed in a 19 mm diameter tube and

scanned over the entire length of the humerus using a microCT system (μCT100 Scanco

Medical, Bassersdorf, Switzerland). Scan settings were: voxel size 16 μm, medium

resolution, 70 kVp, 114 μA, 0.5 mm AL filter, and integration time 500 ms. Analysis was

performed using the manufacturer’s evaluation software, and a fixed global threshold of

28% (280 on a grayscale of 0–1000) for cortical bone and 18% (180 on a grayscale of

0-1000) for trabecular bone was used to segment bone from non-bone. Each bone was

individually assessed from a 800 μm region of trabecular bone immediately below the

growth plate and a 480 μm cortical slice was analyzed around the midpoint of the humerus.

Bone mineral density (BMD), trabecular bone volume and cortical total volume were

calculated.

Results

The size of all organs tested from GHR-KO (Laron dwarf) mice were smaller than for WT

mice and proportional to their smaller body size (Zhou et al., 1997). As expected, we

observed hypertrophy and hyperplasia of all the organs tested in bGHTg mice compared

with WT mice of the same age.

Morphology of lung and heart in GHR-KO and bGHTg mice

Lungs and hearts from 2-year-old GHR-KO and bGHTg mice had normal morphology. In

the lungs of GHR-KO and WT mice we observed well-developed bronchi, bronchioles with

Clara cells and alveoli, and no signs of inflammation (Fig. 1A,B). Similarly, hearts in these

animals were normally developed and contained well-developed cardiomyocytes (data not

shown).

The main difference observed between normal WT (Fig. 1C) and Laron dwarf mice (Fig.

1D) was the predominance of brown adipose tissue (BAT) near the aorta of Laron mice (Fig.

1D) with less BAT and predominantly white adipose tissue (WAT) near the aorta in WT

mice (Fig. 1C). The WAT near the aorta in WT mice was also highly infiltrated by

leukocytes (Fig. 1C).

Morphological analysis of lungs in 6-month-old bGHTg mice and normal-aged WT

littermates revealed normal structure and well-developed bronchi, bronchioles with Clara

cells and alveoli, and no signs of inflammation (Fig. 1E,F). Similarly, hearts in these animals

also had normal morphology with well-developed cardiomyocytes (not shown).
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In sections of adipose tissue from the aorta we observed that bGHTg mice lack BAT and

displayed only WAT with infiltration by leucocytes (Fig. 1H). By contrast, in sections from

6-month-old WT animals, adipose tissue near the aorta contained both WAT and BAT (Fig.

1G).

Liver morphology of GHR-KO and bGHTg mice

The most striking morphological changes were observed in the liver. In PAS-stained

sections of normal 2-year-old WT mice, livers exhibited a normal lobular structure, with

glycogen stored in the centrilobular zone. Hepatocytes contained both small fat droplets

(microvesicles) and large fat droplets (macrovesicles). Large lipid droplets were located in

the central part of the cell, the nucleus was located peripherally, and fat-storing cells were

located in the middle zone of the hepatic lobules (Fig. 2A,C). Numerous hepatocytes had

two nuclei or very large single nuclei that were irregular in shape. We also observed signs of

inflammation in proximity to some large vessels (Fig. 2C) as well as single cells with

intranuclear inclusions (Fig. 2C). By contrast, the liver sinuses in these animals were well

developed, and Kupffer cells were visible.

At the same time, livers from 2-year-old Laron dwarf mice showed a normal structure in the

liver lobules, with glycogen (indicated by PAS staining) stored in the centrolobular zone.

We observed only a small number of fat-storing cells, most of which were filled with

microvesicles (ballooning) (Brunt and Tiniakos, 2010). Only single cells contained large fat

vesicles, and even in these cells the lipid droplets were smaller than in the hepatocytes of 2-

year-old WT mice (Fig. 2B,D). Like WT mice, liver sinuses and Kupffer cells in Laron

dwarf animals were normal and, more importantly, did not exhibit fibrosis or inflammation.

By contrast, in liver sections from bGHTg mice we observed morphological changes in

lobules, hypertrophy of hepatocytes, accumulation of glycogen in hepatocytes, and irregular

shape and increased volume of the nuclei (Fig. 3A-D) compared with liver sections from

age-matched control animals (Fig. 3E,F). At the same time, we also observed massive

leukocyte infiltrations and liver sinusoids that contained cells filled with lipofuscin granules.

The nuclei of the hepatocytes displayed structural changes and contained PAS-positive

inclusions (Fig. 3A,D), while some displayed intranuclear vacuoles (Fig. 3D). We also

observed mitotic division in some of the hepatocytes as well as thickening of the hepatocytic

plates (Fig. 3A-C).

Kidney morphology in GHR-KO and bGHTg mice

While the kidneys of 2-year-old WT mice were surrounded mostly with WAT (Fig. 4A), the

kidneys of GHR-KO mice were surrounded by both WAT and BAT (Figure 4B).

Furthermore, there were no significant morphological differences between WT mice (Fig.

4A,C) and GHR-KO mice (Fig. 4B,D). We observed well-developed cortices with normal

glomeruli, proximal tubules, and distal tubules, and medullary structures were normally

developed in both groups of animals.

By contrast, 6-month-old bGHTg animals displayed several morphological changes within

the kidney cortex (Fig. 4F-H) compared with control animals of similar age (Fig. 4E). In the

external layer of Bowman’s capsule, we observed a transformation from squamous to
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cuboidal epithelium (Fig. 4F,H), while in the proximal tubule, we observed a transformation

from simple to stratified epithelium. In bGHTg mice, we also observed signs of

glomerulosclerosis (Fig. 4H) and leukocyte infiltration in proximity to damaged glomeruli

(Fig. 4F,G). However, no changes were observed in kidney medullar tissue.

Morphology of bone marrow in GHR-KO and bGHTg mice

The bone marrow sections of femora in 2-year-old WT mice and 2-year-old Laron mice

revealed a normal structure of the bone marrow (BM) cavities (data not shown).

Hematopoietic cords were well developed and single adipocytes, megakaryocytes, numerous

macrophages containing hemosiderin, and several proliferating cells with mitotic figures

were visible. The sinusoids located between hematopoietic cells contained erythrocytes and

leukocytes. Similarly, there were also no significant differences in BM morphology between

6-month-old WT and bGHTg mice, except higher numbers of megakaryocytes were present

in the BM hematopoietic cords in bGHTg mice (data not shown).

Spleen morphology in GHR-KO and bGHTg mice

The spleens of 2-year-old WT (Fig. 5C), GHR-KO (Fig. 5D), 6-month-old WT (Fig. 5G),

and bGHTg (Fig. 5H) mice were normal. White and red pulp were present, and numerous

cells were packed with hemosiderin granules. The only visible difference was for

megakaryocytes, which were reduced in number in spleen sections of 2-year-old GHR-KO

mice compared with WT animals (Fig. 5C,D) and elevated in number in spleen sections of

6-month-old bGHTg mice compared with 6-month-old WT animals (Fig. 5G,H).

Bone densitometry in GHR-KO and bGHTg mice

Bone densitometry demonstrated an increase of trabecular bone volume in the bGHTg

animals compared to WT controls (Fig. 6A). Cortical bone analysis showed similar patterns

as total trabecular volume in which GHR-Tg animals had an increased cortical bone volume

when compared to WT controls (Fig. 6B). Moreover, GHR-Tg animals exhibited an

increased bone mineral density (BMD) when compared to WT animals (Figure 6C).

Discussion

We evaluated the effects of IGF-1 plasma levels on the morphology of major organs since

somatotrophic/insulin signaling affects lifespan in experimental animals (reviewed in Piper

et al., 2008; Kenyon, 2010), by employing 2-year-old growth hormone receptor knockout

(GHR-KO) Laron dwarf mice (with low circulating plasma levels of IGF-1) and 6-month-

old bovine growth hormone transgenic (bGHTg) mice (with high circulating plasma levels

of IGF-1). In parallel, we analyzed age-matched WT control animals. The ages of the mutant

strains employed in our studies were selected based on their overall ~50% survival (Laron

dwarf mice live up to ~4 years and bGHTg mice up to ~1 year) (Bartke et al., 2002).

It is well known that there are morphological features of aging, and these are found in the

reproductive system (ovaries and testes) as well as in liver and the adipose tissue

surrounding vital organs (Maronpot et al., 1999; Ghosh et al., 2012; Hemmeryckx et al.,

2012). While morphological changes in female gonads of these mutant mice have already
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been reported by our team (Sluczanowska-Glabowska et al., 2012), in this work we focused

on morphological changes in lung, heart, liver, kidney, bone marrow, spleen, and bone of

WT, GHR-KO, and bGHTg mice.

As expected, we observed differences in liver morphology between animal groups employed

in our studies. First, we observed that the livers of long-living GHR-KO animals compared

with age-matched WT mice have smaller numbers of cells storing lipids, and the lipid

vacuoles within the cells were much smaller (microvesicles). To explain the difference

between GHR-KO and WT mice, it is well known that mild steatosis without inflammatory

processes may occur spontaneously with advanced age in mice (Maronpot et al., 1999).

There may also be an increase in nuclear volume as a result of an increase in chromosome

number (polyploid nuclei) (Gregg et al., 2012). Thus, the lower density and smaller sizes of

lipid vacuoles observed in Laron mice liver may reflect the better overall health status of

these animals.

By contrast, hepatocytes in short-living bGHTg mice were hypertrophic, with enlarged

nuclei, and contained more glycogen- and fat-storing granula, and the nuclei in many of

these cells were abnormal. As animals were not infected and given standard chow, the

steatosis observed in these mice was related to GH/IGF-1-directed accelerated aging.

Furthermore, since the marked steatosis is highly connected to insulin resistance, which with

time leads to metabolic syndrome and type II diabetes (Merat et al., 2010; Bulum et al.,

2011), the high content of lipid-storing cells in bGHTg mice may explain the insulin

resistance observed in these mice.

The intranuclear inclusions noted in the hepatocytes of bGHTg mice were also observed by

Gregg et al. in a murine model of progyria (Ercc1−/Δ mice), with inherited defects in DNA

repair. In these mice, similar PAS-positive inclusions in the nuclei of hepatocytes,

lipofuscin-storing cells, liver steatosis, and other features of accelerated aging were

described (Gregg et al., 2012). In bGHTg mice, we also detected massive leukocyte

infiltration, which has been described as one of the indicators of aging (Maronpot, 1999;

Singh et al., 2008; Gregg et al., 2012). However, what was somewhat surprising, we

observed hepatocytes at various stages of mitotic division. It is very likely that chronic GH

exposure leads to regenerative hyperplasia, apoptosis, or even liver cancer due to the

increasing frequency of mitosis in liver or the prolonged expression of GH (Snibson, 2002).

These types of changes were observed in different mouse mutants overexpressing GH (e.g.,

ovine GH) and were described as preneoplastic changes, leading to the development of

cancers by the age of 12 months (Snibson, 2002). Thus, bGHTg mice display several

preneoplastic changes that may lead to the development of liver malignancies. In fact, the

bGHTg mice employed in our studies also developed liver malignancies with advanced age

(not published).

Another morphological feature that is often connected with aging is replacement of BAT by

WAT around vital organs. In younger animals, most of the adipose tissue surrounding vital

organs is composed of BAT, which contains adipocytes filled with numerous small lipid

droplets and a high density of mitochondria. In older animals WAT contains adipocytes that

each contain one large lipid vacuole. In young laboratory rodents, brown adipose tissue is
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found in clusters in specific regions (e.g., the interscapular region, the region surrounding

the aorta and kidney, or the intercostal region) (Cousin et al., 1992; Schulz et al., 2011).

Since BAT is highly vascularized, it supplies heat to vital organs of the thorax and nervous

system (Cannon and Nedergaard, 2004).

During aging, BAT is gradually replaced by WAT (Maronpot et al., 1999). Interestingly, in

our experiment we noted a decelerated transformation of the BAT into WAT in GHR-KO

mice and accelerated replacement of BAT by WAT in bGHTg animals in regions

surrounding the aorta and kidney. In addition, we observed less lymphocytic infiltration in

adipose tissue in GHR-KO mice compared with WT age-matched control littermates. A

higher content of BAT and less infiltration of adipose tissue by inflammatory cells positively

correlates in mice with longevity and protects them from insulin resistance (reviewed in

Mattson, 2010; Wu and Meydani, 2008).

As expected because of anabolic activity of GH – we observed in bGHTg mice increase of

trabecular bone an increased bone mineral density (BMD) when compared to WT animals.

Furthermore, our analysis of BM and spleen tissue did not reveal significant differences

between experimental groups, except for an increase in the number of megakaryocytes in

bGHTg mice and a slightly lower number in GH-RKO animals compared with the number

in age-matched WT mice. This could be easily explained by the well-known effect of GH

and IGF-1 on increasing proliferation of megakaryocytes (Blazar et al., 1995). However,

while our studies did not discover significant changes in BM morphology, FACS-based

measurements of very small embryonic-like stem cells (VSELs) showed a higher number of

these primitive stem cells in the BM of GHR-KO mice and a reduced number in bGHTg

animals compared with age-matched WT controls (Ratajczak et al., 2011). Changes in the

number of VSELs correlated positively in that study with overall changes in the numbers of

hematopoietic stem cells and clonogenic progenitors (Ratajczak et al., 2011). These changes

however, may not immediately affect morphology of the BM and spleen tissue. Another

interesting observation in our current and previous study is that despite significant increase

trabecular bone and bone density bGHTg mice have as previously shown a reduced number

of most primitive Sca-1+Lin−CD45−hematopoietic stem cells (Ratajczak et al., 2011).

Furthermore, while we observed some changes in the kidneys of bGHTg males, it is most

likely that these changes are the effect of extensive GH signaling rather than the aging

process itself. The most striking morphological changes observed in these mice were

glomerulosclerosis and glomerular hypertrophy, which have also been described in

acromegalic patients (reviewed in Grunenwald et al., 2011). In addition to

glomerulosclerosis and a transformation from simple to stratified epithelium in proximal

tubules, we observed hypertrophy of Bowman’s capsule. Similar changes have also been

described by Coschigano et al. in 12-month-old bGHTg mice (Coschigano et al., 2010).

What is novel is that our data indicate that this process has already occurred in 6-month-old

bGHTg animals. Moreover, while glomerulosclerosis is due to an increasing accumulation

of collagen types I, III, and IV and fibronectin extracellular mezangial matrix, the

hypertrophy and epithelial cell transformations are consequences of direct GH action on

renal tissue, and this action cannot be connected to aging (Qian et al., 2008).
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In conclusion, our morphological analysis of the organs of long-living 2-year-old Laron

dwarf mice (which had reached ~50% of their maximal life span) revealed a lower

biological age for its organs, with more brown adipose tissue (BAT) surrounding the main

body organs, lower levels of steatosis in liver, and a lower incidence of leukocyte infiltration

compared with normal littermates. By contrast, the organs of 6-month-old short-living

bGHTg mice display several abnormalities in liver and kidney, which may lead to several

age-related complications.
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Fig. 1.
The morphology of lung- and aorta-associated adipose tissue in GHR-KO and bGHTg mice.

A and B. Morphology of the lungs of WT (A) and GHR-KO (Laron dwarf) mice (B). The

pulmonary alveoli of 2-year-old WT mice and 2-year-old GHR-KO mice show a normal

structure of terminal bronchioles and alveoli. C and D. Analysis of adipose tissue from the

aorta region of WT (C) and Laron dwarf mice (D). Adipose tissue sections from 2-year-old

WT mice (C) reveal the presence of white adipose tissue (WAT) only and leukocyte

infiltration. By contrast, 2-year-old GHR-KO mice (D) show the presence of brown adipose

tissue (BAT) with no leukocyte infiltration. E and F. Lung morphology in 6-month-old WT

(C) and bGHTg (F) mice. Both alveoli and terminal bronchioles show normal structure. G
and H. Analysis of adipose tissue from the aorta region of WT (G) and bGHTg (H) mice.

While the 6-month-old WT mice have both WAT and BAT tissue visible around the aorta

(G), the 6-month-old bGHTg mice have WAT with only a few brown adipocytes visible. ×

200.
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Fig. 2.
Liver morphology in 2-year-old WT and GHR-KO mice. A, C. PAS staining of liver

sections from WT mice reveals abundant lipid droplets forming macrovesicles (red arrows),

fat microvesicles containing ballooning cells, leukocyte infiltrations (yellow arrow), and the

presence of hepatocytes with intranuclear inclusions (green arrow). B, D. Liver sections in

2-year-old GHR-KO mice show normal morphology. × 200.
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Fig. 3.
Liver morphology in 6-month-old WT and bGHTg mice. A-D. PAS staining of liver

sections from 6-month-old bGHTg mice reveals the presence of hepatocytes with

intranuclear inclusions (yellow arrows), vacuoles (red arrow), and leukocyte infiltration in

areas where damaged cells are present (green asterisk). Mitotic figures are also visible

(yellow asterisk). E and F. Liver sections in 6-month-old WT mouse liver show normal

morphology. × 200.
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Fig. 4.
Morphology of the kidneys. Panel A-D. Two-year-old WT and GHR-KO mice. While

kidneys in 2-year-old WT mice are surrounded by WAT (A) kidneys in GHR-KO mice are

surrounded by both WAT and BAT (B). Overall, kidneys in WT (C) and GHR-KO (D) mice

show normal morphology. E-H. Six-month-old WT and bGHTg mice. While 6-month-old

WT mice show normal structure for the renal cortex (E), the yellow arrow points to a normal

glomerulus), 6-month-old bGHTg mice show several structural changes in kidneys, such as

a transformation from simple to stratified epithelium on the outer layer of Bowman’s

capsule (F and H, yellow arrows), leukocyte infiltration (F, green asterisk), damaged

glomeruli with leukocyte infiltration (G, green asterisk) and signs of glomeruosclerosis (H,

red arrow). × 200.
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Fig. 5.
Morphology of the spleen. Panels A-D. Spleen morphology (H-E staining). The 2-year-old

WT (A), GHR-KO (B), 6-month-old WT (C), and 6-month-old bGH TG (D) mice show

normal spleen morphology. The only visible difference is the increased number of

megarkaryocytes (yellow arrows) in the spleens of bGHTg mice (D). × 200.
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Fig. 6.
Bone densitometry of the humeri of GHR-KO and bGHTg mice. Bone densitometry analysis

for 6-month-old WT and 6-month-old bGHTG animals show differences in trabecular bone

volume (A), cortical bone volume (B), and bone mineral density (BMD) (C). Visible

differences between GHR-Tg animals in trabecular volume, cortical bone volume, and bone

mineralized density compared to WT. *P<0.05 compared to WT control.
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