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Reduced Serum Insulin-Like Growth Factor (IGF)
and IGF-Binding Protein-3 Concentrations in Two Deerhounds

with Congenital Portosystemic Shunts

Amanda Maxwell, Karyl Hurley, Carolyn Burton, Roger Batt, and Cecilia Camacho-Hu¨bner

Congenital portosystemic shunting (PSS) in the dog fre-
quently is associated with poor nutritional status and

stunted growth, in addition to microhepatica and liver dys-
function. The insulin-like growth factors (IGF)-I and IGF-
II (anabolic and mitogenic polypeptide hormones important
for growth) are produced predominantly by the liver.1,2 He-
patic synthesis of IGF-I and its major binding protein,
IGFBP-3, primarily is regulated by growth hormone (GH).
Chronic liver disease in humans is associated with reduced
serum IGF-I concentration despite high GH concentrations
due to uncoupling of the GH/IGF-I axis.3 In the United
Kingdom, a high incidence of congenital intrahepatic por-
tosystemic vascular anomalies has been observed in the
deerhound breed. Whole litters are presented for screening
and present a unique opportunity to examine the canine
GH/IGF/IGFBP axis during hepatic dysfunction.

A litter of 9 (5 male and 4 female) deerhound dogs were
presented for routine screening for patent ductus venosus
at 8 weeks of age. None of the dogs had clinical signs of
hepatic dysfunction or stunted growth. Blood samples were
collected for determination of pre- and postprandial circu-
lating ammonia concentrations (whole blood collected into
EDTA and transported on ice for immediate assay) mea-
sured with an established assay (Table 1). Abnormal results
were investigated by rectal portal scintigraphy and abdom-
inal ultrasonography.4 Portosystemic shunting of blood and
abnormal hepatic vascularization were identified in 2 pups,
pup 1 (male) and pup 4 (female), and a patent ductus ven-
osus was identified in each.

After intraoperative portovenography (to visualize the
abnormal vessel), pups 1 and 4 underwent routine partial
shunt ligation. Pup 1 returned to surgery the same day for
ligature relaxation because of unacceptably high portal
pressures, but postoperative recovery was otherwise rou-
tine. Serum was collected at 2 and 30 days postoperatively.
Pup 1 underwent another surgery 6 months later to com-
plete shunt ligation, whereas pup 4 attained complete shunt
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closure between 1 and 3 months postoperatively (docu-
mented by repeated blood sampling).

Serum IGF and IGFBP concentrations and IGFBP-3 se-
rum protease activity were measured as described previ-
ously.5,6 Circulating GH-binding proteins (GHBP) were
measured with high-pressure liquid chromatography7 after
overnight incubation of serum with [125I]-recombinant hu-
man GH1. Competition with unlabeled GH revealed dis-
placement of specific binding activity (data not shown).

At initial presentation, serum IGF-I and IGF-II concen-
trations for the 7 unaffected pups were (mean� standard
deviation) 409� 52 ng/mL and 269� 37 ng/mL, respec-
tively, which were considerably higher than in pup 1 (IGF-
I, 147 ng/mL; IGF-II, 192 ng/mL) and pup 4 (IGF-I, 98 ng/
mL; IGF-II, 192 ng/mL). Likewise, serum IGFBP-3 con-
centrations (Fig 1) were lower (pup 1, 6.28 arbitrary den-
sitometry units [ADU]; pup 4, 2.97 ADU) compared with
normal littermates (13.8� 1.7 ADU). Concentrations of
IGFBP-1, -2, and -4 were unaffected. Specific serum
IGFBP-3 protease activity was higher in pups 1 and 4 than
in their littermates (Fig 2). Serum GHBP concentrations did
not differ (pups 1 and 4, 22% and 21.8%; pups 2 and 7,
21.1% and 22.6%).

At 30 days after surgery, abnormally high ammonia con-
centrations (92 and 120�mol/L, respectively) indicated con-
tinued hepatic dysfunction despite appropriate medical man-
agement and improved hepatic circulation on ultrasono-
graphic examination in both pups. Serum IGF-I, IGF-II, and
IGFBP-3 concentrations fell postoperatively at day 2 but had
risen again by day 30 (Table 2). Preoperative IGF-I and
IGFBP-3 concentrations were exceeded only in pup 4.

IGF-I and IGF-II are important prenatal growth factors
responsible for tissue growth and development. Further-
more, IGF-I mediates many of the postnatal anabolic effects
of GH important for reaching full adult size. Reduced se-
rum IGF-I concentrations are associated with short stature
in many species, including the dog.8,9 Dogs with uncor-
rected PSS frequently are stunted. However, despite lower
circulating concentrations of IGF-I and IGF-II, pups 1 and
4 were similar in size to their littermates. Although IGFs
in maternal milk may have supported growth until weaning,
hepatic IGF-I production has been regarded as the major
determinant of growth rate. This view recently has been
challenged. Growth in mice with hepatic IGF-I gene dele-
tion was not markedly reduced despite lower serum con-
centrations, thus supporting a major role for growth pro-
motion by local tissue production.10

Altered serum IGFBP concentrations affect bioavailabil-
ity of IGFs. The majority of IGF circulates with IGFBP-3
and an acid labile subunit in a ternary complex that does
not cross the vascular endothelium. Although low serum
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Table 1. Results of diagnostic evaluations performed at
initial presentation.a

Pup No.
Scintigraphy

(�15%)

Blood Ammonia
(�60 �mol/L)

Preprandial Postprandial Status

1
2
3
4
5
6
7
8
9

48.00
NA
NA

63.50
7.00
4.50
NA

11.25
7.25

266
63
63
41
47
45
60
24
82

331
19
29

212
43
31
51
36
46

Shunt
N
N

Shunt
N
N
N
N
N

a Ammonia concentrations were determined pre- and postprandially.
Values in parentheses show normal laboratory values for this age
group. Shunt indices were determined by per rectal portal scintigraphy
in 6 pups as shown and were not available (NA) in the remainder.
Once diagnostic evaluations were completed, pups 1 and 4 were di-
agnosed with congenital portosystemic shunting (shunt), and other
pups were regarded as normal (N).

Fig 2. [125I]–IGFBP-3 protease assay revealing serum protease activ-
ity in 2 pups with PSS (1 and 4) and 2 unaffected littermates (2 and
7). Intact radiolabeled nonglycosylated recombinant human IGFBP-3
is shown in lane 1 (*) and its position indicated to the left of the panel
(closed arrowhead). Last trimester human pregnancy serum, which
contains high IGFBP-3 protease activity, is included in lane 2 (PS) as
a positive control. Each sample was run in duplicate with the right
lane (�) containing 0.5 M EDTA as an inhibitor of protease activity.
Protease activity is measured by decreased density of the intact band
and the appearance of lower molecular weight fragments (open arrow-
heads). Intact IGFBP-3 band intensity is reduced in pups 1 and 4
compared with 2 and 7.

Fig 1. Serum IGFBP concentrations by Western ligand blot autoradiograph in the 9 deerhound pups at initial evaluation at 8 weeks old. Each
lane contains serum from an individual pup as indicated. The pups with PSS are indicated with an asterisk. The position of the band representing
IGFBP-3 is indicated, and molecular weight markers are shown to the right of the panel (closed arrowheads). IGFBP-3 band intensity of pups 1
and 4 is reduced compared with normal littermates.

IGFBP-3 concentrations have been reported in acute liver
damage in rats because of reduced hepatic IGFBP-3 mRNA
transcription,11 decreased concentrations in the 2 affected
pups were partly due to increased specific proteolysis. Sim-
ilar proteolysis occurs during the last trimester of pregnancy
and in critical illness12,13 (but not during end-stage liver cir-
rhosis in humans).14 Proteolytic modification may reduce
the affinity of IGF-I for the ternary complex and increase
its bioavailability. Similarly, increased free or bioactive cor-
tisol in encephalopathy because of PSS in dogs was pre-
sumed secondary to decreased circulating cortisol-binding
proteins.15 Altered binding affinities were corrected within
4 weeks of shunt closure.16

Serum IGFBP-1, -2, and -4 in pups 1 and 4 were not
altered. High serum IGFBP-1 concentrations found in
chronic cirrhosis in humans are linked to insulin resistance
and are thought to inhibit glucoregulatory actions of IGF-
I.17 Insulin regulation of canine IGFBP-1 has not been de-
termined, but overnight food withdrawal or longer term ca-
loric restriction was not associated with increased serum
concentrations in healthy adult dogs, as has been observed
in humans and rats.5 Furthermore, hepatic IGFBP-1 and -3
production arises from separate cell populations (hepato-

cytes and Kupffer cells, respectively)18 that may be affected
to different extents in PSS.

Although hepatic synthesis of IGF-I and IGFBP-3 is pos-
itively regulated by GH, nutrition also is a major influ-
ence.19 Dietary restriction of adult dogs reduced serum IGF-
I concentrations, which then normalized rapidly with re-
feeding.5,20 In rat models of acute and chronic liver disease,
IGF-I concentrations were more sensitive to nutritional sta-
tus than hepatocyte function,11 but hepatic atrophy was con-
sidered a major regulator in children.21 Although nutritional
status was not specifically determined, comparison with lit-
termates suggests that it was unaffected by congenital PSS
in pups 1 and 4 and was unlikely to explain decreased se-
rum IGF-I concentrations.

Uncoupling of the GH/IGF axis by development of re-
sistance to GH also decreases serum IGF-I concentrations.
In chronic liver disease in humans,22 this mechanism is not
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Table 2. Changes in serum concentrations of IGF-I, -II, and IGFBP-3 in 2 deerhounds with congenital portosystemic
shunting on initial presentation and after shunt ligation.a

Sample

Pup 1

IGF-I
(ng/mL)

IGF-II
(ng/mL)

IGFBP-3
(ADU)

Pup 4

IGF-I
(ng/mL)

IGF-II
(ng/mL)

IGFBP-3
(ADU)

Visit 1
�2 days
�30 days

147
119
165

192
156
192

12
9

12

98
80

267

192
168
216

10
5

19

IGF, insulin-like growth factor; IGFBP, IGF binding protein.
a Samples were taken on initial presentation (visit 1) and postoperatively at day 2 (�2 days) and day 30 (�30 days) after shunt ligation. Serum

IGFBP-3 concentrations were measured by densitometry of the Western ligand blot, and results are shown as arbitrary densitometry units (ADU).

understood, but GH secretion is increased. Although GH
secretion was not measured, IGF-II concentrations (GH in-
dependent) in the affected pups were not as severely re-
duced as IGF-I and IGFBP-3 (GH dependent) concentra-
tions. However, serum GHBP concentrations in the affected
pups (which may reflect hepatic GH receptor status and are
affected in GH resistance23) did not differ from the concen-
trations in 2 normal littermates. This finding is not unex-
pected because GHBP concentrations also correlate well
with body-mass index, especially central adiposity,24 and
improvements in nutritional status.19

It was not possible to determine whether serum IGFs and
IGFBP-3 concentrations normalized after shunt ligation.
The ontogeny of serum IGFs and IGFBPs is not fully char-
acterized in the dog, although increasing IGFBP-3 concen-
trations were noted from birth in a litter of Beagles.25 Al-
though increases occurred despite persistently high ammo-
nia concentrations (indicating continued hepatic dysfunc-
tion), serum IGF-I and IGFBP-3 concentrations at day 30
exceeded preoperative concentrations only in pup 4, which
required no further surgery.

In conclusion, low serum IGF and IGFBP-3 concentra-
tions in these 2 deerhounds with congenital PSS may have
been due primarily to abnormal liver function, which al-
tered the GH/IGF/IGFBP axis. Furthermore, serum IGF-I
and IGFBP-3 concentrations increased most markedly at
postoperative day 30 in the pup that required no further
surgery. This finding suggests that successful partial shunt
ligation is sufficient to improve hepatic function although
not demonstrated by another biochemical marker (ammo-
nia) at this stage. Further evaluation in a larger sample of
affected deerhounds is required.

Acknowledgments
IGF, IGFBP, and GHBP assays were performed at St Bar-

tholomew’s Hospital. Other assays and evaluations were
performed at the Royal Veterinary College.

This case report is from PhD studies (AM) supported by
a grant from the WALTHAM Centre for Pet Nutrition, Lei-
cestershire, UK, and was presented in part as an oral ab-
stract at the British Small Animal Veterinary Association
conference held in Birmingham, UK, in April 1998.

References
1. Schimpff RM, Donnadieu M, Glasinovic JC, et al. The liver as

a source of somatomedin. An in vivo study in the dog. Acta Endocrinol
(Copenh) 1976;83:365–372.

2. Jones JI, Clemmons DR. Insulin-like growth factors and their
binding proteins: Biological actions [review]. Endocr Rev 1995;16:3–
34.

3. Scharf JG, Schmitz F, Frystyk J, et al. Insulin-like growth factor–
I serum concentrations and patterns of insulin-like growth factor bind-
ing proteins in patients with chronic liver disease. J Hepatol 1996;25:
689–699.

4. Lamb CR. Ultrasonographic diagnosis of congenital portosys-
temic shunts in dogs: Results of a prospective study. Vet Radiol Ul-
trasound 1996;37:281–288.

5. Maxwell A, Butterwick R, Yateman M, et al. Nutritional mod-
ulation of canine insulin-like growth factors and their binding proteins.
J Endocrinol 1998;158:77–85

6. Maxwell A, Elwood C, Garden O, et al. The insulin-like growth
factor axis of gluten sensitive dogs during gluten challenge. Vet Rec
1998;143:68–71

7. Tar A, Hocquette J, Souberbielle J, et al. Evaluation of the
growth hormone binding proteins in human plasma using HPLC gel
filtration. J Clin Endocrinol Metab 1998;71:1202–1207.

8. Woods KA, Camacho-Hubner C, Savage MO, et al. Intrauterine
growth retardation and postnatal growth failure associated with dele-
tion of the insulin-like growth factor–I gene. N Engl J Med 1996;335:
1363–1367.

9. Eigenmann JE, Zanesco S, Arnold U, et al. Growth hormone and
insulin-like growth factor I in German shepherd dwarf dogs. Acta En-
docrinol (Copenh) 1984;105:289–293.

10. Yakar S, Liu JL, Stannard B, et al. Normal growth and devel-
opment in the absence of hepatic insulin-like growth factor–I. Proc
Natl Acad Sci USA 1999;96:7324–7329

11. Holt RI, Baker AJ, Jones JS, et al. Differential effects of mal-
nutrition, bile duct ligation and galactosamine injection in young rats
on serum levels and gene expression of IGF-binding proteins. J En-
docrinol 1996;149:465–472.

12. Giudice LC, Farrell EM, Pham H, et al. Insulin-like growth
factor binding proteins in maternal serum throughout gestation and in
the puerperium: Effects of a pregnancy-associated serum protease ac-
tivity. J Clin Endocrinol Metab 1990;71:806–816.

13. Davies SC, Wass JA, Ross RJ, et al. The induction of a specific
protease for insulin-like growth factor binding protein–3 in the cir-
culation during severe illness. J Endocrinol 1991;130:469–473.

14. Ross RJM, Chew SL, D’Souza Li L, et al. Expression of IGF-
I and IGF-binding protein genes in cirrhotic liver. J Endocrinol 1996;
149:209–216.

15. Meyer HP, Rothuizen J. Increased free cortisol in plasma of
dogs with portosystemic encephalopathy (PSE). Domest Anim Endo-
crinol 1994;11:317–322.

16. Sterczer A, Meyer HP, Van Sluijs FJ, Rothuizen J. Fast reso-
lution of hypercortisolism in dogs with portosystemic encephalopathy
after shunt closure. Res Vet Sci 1999;66:63–67.

17. Shmueli E, Miell JP, Stewart M, et al. High insulin-like growth
factor binding protein 1 levels in cirrhosis: Link with insulin resis-
tance. Hepatology 1996;24:127–133.



545Canine Serum IGFs and IGFBP-3 and Congenital PSS

jvim 14 511 Mp 545
File # 11em

18. Arany E, Afford S, Strain AJ, et al. Differential cellular syn-
thesis of insulin-like growth factor binding protein–1 (IGFBP-1) and
IGFBP-3 within human liver. J Clin Endocrinol Metab 1994;79:1871–
1876.

19. Counts DR, Gwirtsman H, Carlsson LMS, et al. The effect of
anorexia nervosa and refeeding on growth hormone binding protein,
the insulin-like growth factors (IGFs), and the IGF-binding proteins.
J Clin Endocrinol Metab 1992;75:762–767.

20. Eigenmann JE, de Bruijne JJ, Froesch ER. Insulin-like growth
factor I and growth hormone in canine starvation. Acta Endocrinol
(Copenh) 1985;108:161–166.

21. Holt RI, Baker AJ, Miell JP. The pathogenesis of growth failure
in paediatric liver disease. J Hepatol 1997;27:413–423.

22. Cuneo RC, Hickman PE, Wallace JD, et al. Altered endogenous

growth hormone secretory kinetics and diurnal GH-binding protein
profiles in adults with chronic liver disease. Clin Endocrinol (Oxf)
1995;43:265–275.

23. Ambler GR, Breier BH, Surus A, et al. The interrelationship
between and the regulation of hepatic growth hormone receptors and
circulating GH binding protein in the pig. Acta Endocrinol (Copenh)
1992;126:155–161.

24. Fisker S, Vahl N, Jorgensen JOL, et al. Abdominal fat deter-
mines growth hormone–binding protein levels in healthy nonobese
adults. J Clin Endocrinol Metab 1997;81:123–128.

25. White ME, Hathaway MR, Dayton WR, et al. The role of
growth factors in canine and feline milk. In: Recent Advances in Ca-
nine and Feline Nutritional Research: Proceedings of the 1996 Iams
International Nutrition Symposium. Wilmington, OH: Orange Frazer
Press; 1996:89–98.


