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   Abstract 

 The use of recombinant bovine growth hormone (rbGH) to 
increase milk yield in cows is banned in some countries. In 
others, where it is authorised, it has triggered harsh debates 
on labelling of dairy products. If many studies have been per-
formed on bovines, there is a lack of information on buffa-
loes, which are sometimes treated with rbGH and re present 
an important economical resource for dairy products in some 
countries. Analytical methods with legal value for surveillance 
of rbGH treatments do not yet exist. Research on gene expres-
sion biomarkers is one of the most promising approaches to 
this purpose. For this reason, we treated fi ve buffaloes for 10 
weeks with a sustained-release formulation of rbGH and anal-
ysed the response of 20 somatotropic axis genes in leucocytes 
by real-time polymerase chain reaction. Overall changes in 
gene expression levels were of low magnitude and sometimes 
affected by the  ‘ time ’  factor. Only the  IGFBP-1  gene showed 
a signifi cant under-expression (about two-fold;  p  < 0.001) in 
treated animals. Taken together, these results give evidence 
that expression analysis of the somatotropic axis genes in 
leuco cytes is little helpful for discrimination of rbGH-treated 
buffaloes, but do not exclude that another array of genes could 
provide useful patterns of variation.  

   Keywords:    biomarkers;   buffalo;   gene expression analysis; 
  real-time PCR;   recombinant bovine growth hormone.     

  Introduction 

 Growth hormone (GH) is a peptide hormone produced in 
vertebrates by the pituitary gland, which is responsible for 

a number of anabolic processes affecting body growth and 
tissue metabolism. 

 GH action can be direct or mediated by other molecules, 
among which the most important is insulin-like growth 
factor-1 (IGF-1). GH-induced effects are the result of a com-
plex net of interactions, known as the somatotropic axis, 
which primarily involves other hormones (IGFs), their bind-
ing proteins (IGFBPs) and their receptors (Renaville et al. , 
2002 ). 

 Involvement of the somatotropic axis in the regulation 
of lactation has been demonstrated by several studies per-
formed on many animal species. In particular, it has been 
clearly shown that administration of exogenous GH induces 
a signifi cant increase in milk yield (McGuire et al. , 1992 ). 
GH stimulus to lactation has been exploited by some phar-
maceutical companies, which, using recombinant DNA 
techniques, have created a number of recombinant bovine 
growth hormones (rbGH) to be used for zootechnical pur-
poses (Bauman , 1992 ). Treatment with rbGH has been suc-
cessfully applied to cows for many years, and it is employed 
nowadays in a few countries. Administration of rbGH has 
been demonstrated to be effective also on buffaloes, which 
constitute an important economical resource for dairy pro-
duction in some areas of the world (Helal and Lasheen , 
2008 ). Besides the authorised use of rbGH in livestock, an 
illegal use of this hormone also occurs in some countries 
where it has been banned, both in bovines and in buffaloes. 
For this reason, analytical methods able to reveal rbGH 
treatments would be recommended to support controls not 
only in countries where this hormone is forbidden, but also 
in countries where it is allowed, in order to verify compli-
ance in labelling, where contemplated. 

 Research for setting up analytical methods to reveal rbGH 
treatments has been partially successful, mainly due to the 
high level of identity between the recombinant and the pitui-
tary forms of the hormone. At present, the most fruitful results 
have been obtained by complex techniques, such as mass 
spectrometry (Le Breton et al. , 2009 ). Diffi culties in direct 
analytical approaches are stimulating a growing consideration 
for indirect approaches, aimed at revealing potential biomark-
ers for rbGH treatment. 

 The most studied candidate marker has been IGF-1, whose 
concentration increases in blood and milk after treatment 
(Daxenberger et al. , 1998 ; Castigliego et al. , 2011 ). Even 
though this occurrence may represent an indicator, it can-
not be used for unequivocal yes/no responses on the even-
tual rbGH treatments. Other studies have focussed on the 
alteration of expression of a number of genes in some organs, 
such as the muscle in bovines (Castigliego et al. , 2010a ). 
Some researches have also successfully detected exogenous 
GH-dependent effects on gene expression in human (Mitchell 
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et al. , 2009 ; Fern  á ndez-P é rez et al., 2010 ) and rat (Qin and 
Tian , 2010 ) leucocytes, which constitute a substrate that is 
easy to collect and whose physiology is modulated at vari-
ous levels by GH (Jeay et al. , 2002 ; Chung et al. , 2009 ; Chen 
et al. , 2010 ). Furthermore, searching for gene expression bio-
markers has also provided promising results for other catego-
ries of anabolic agents (Riedmaier et al. , 2009 ). 

 In this study, we examined the effect of rbGH administra-
tion on the expression of genes involved in the somatotro-
pic axis regulation in leucocytes of buffaloes treated for a 
period of 10 weeks, by applying a relatively simple method 
of screening based on real-time polymerase chain reaction 
(PCR). 

 Results made it possible to evaluate their potentiality as 
biomarkers and to obtain some information on somatotropic 
axis gene behaviour after GH overstimulation.  

  Results 

  Milk yield, serum hormones and leucocyte count 

 During the period of the study, milk yield increased by 
an average of 32 % . Serum GH and IGF-1 concentrations 
increased signifi cantly in treated animals ( p   <  0.001), show-
ing the effectiveness of rbGH treatment. In brief, GH serum 
concentration was  <  2 ng/ml before treatment in both groups 
of animals and increased up to 60 ng/ml, on an average, in 
treated animals on day 2 after GH administration. On day 9, 
serum GH values returned to basal levels (Castigliego et al. , 
2011 ). 

 The haematocrit and leucocyte counts; number of lympho-
cytes and monocytes; and number of neutrophil, eosinophil 
and basophil granulocytes ranged in physiological values 
(unpublished data). No signifi cant differences were observed 
between treated and non-treated buffaloes.  

  Gene response to treatment 

 Sequencing of the amplifi ed DNA revealed homology 
ranging from 98 %  to 100 %  with the deposited sequences 
(Table  1 ). 

 GHR variants 1A, 1F, 1G and 1H were excluded from 
analysis since no expression was detected in samples com-
ing from the treated animals and the controls during the fi rst 
cycle of injection. Variant 1E was also not further consid-
ered because it could never be amplifi ed with an accept-
able threshold cycle (Ct), nor in leucocytes or in other 
tissues, although different couples of primers were tried. 
Furthermore,  IGFBP-5  was found to be expressed at a very 
low level and in a discontinuous manner. Therefore, values 
obtained for this gene were not considered suffi ciently reli-
able to be included in the statistical analysis. 

 Comparison between the rbGH-treated buffaloes and the 
controls, for each gene analysed over the whole period of 
experimentation, is reported in Figure  1   and Table  2 . rbGH 
administration did not have a marked effect on somatotropic 
genes. Only  IGFBP-1  expression levels were signifi cantly 

increased, both on day 2 ( p   <  0.001) and on day 14 ( p   <  0.01), 
while the time effect was signifi cant on many genes, whose 
levels of expression were not found to be constant during 
the fi ve cycles of treatment. This was particularly evident 
for variant 1B,  IGF-2 ,  IGF-1R ,  IGFBP-4  and  IGFBP-6 , as 
shown in Table  2 . This trend was also observed in the non-
treated animals, as revealed by the Friedman ’ s test on basal 
value variations. Treatment-time interaction effect was never 
signifi cant. With regard to the paired comparison between day 
2 and day 14 of each single gene, signifi cant differences were 
observed only for variant 1C1 and for  IGF-2 , whose levels of 
expression were found to be lower at the end of the bi-weekly 
cycles than at the beginning. No differences were observed in 
the non-treated group. 

 Correlations between the expression of different genes are 
reported in Tables  3  and  4 . 

 As for the absolute level of expression, IGF-2 mRNA 
abundance was much higher than IGF-1 mRNA, whose 
related Ct values were at the borderline of exclusion from the 
analysis (Figure  2  ). The IGFBP-related gene with the high-
est expression level was  IGFBP-2 .  IGFBP-1 ,  -4  and  -6  were 
expressed with an apparent lower level and a comparable 
intensity.  IGFBP-3  was the less expressed gene. With regard 
to the receptors,  IGF-1R  was noticeably more expressed than 
 GHR . However, when the expression level of the  GHR  cod-
ing region (cds- GHR ) was compared with that of GHR 5 ′ -
untranslated region (5 ′ -UTR) variants, it was observed that 
the former seemed less expressed than the latter, especially 
when matched with variant I, whose level of expression 
exceeded several times that of cds -GHR , as well as those of 
other variants. Variant 1D, although still detectable, showed 
very low expression levels, while the mRNA of the other vari-
ants was more abundant.   

  Discussion 

  Choice of the biological target and of the reference 

genes 

 Because this investigation was mainly aimed at testing the 
potential power of gene expression variation as a biomarker 
for rbGH treatment, white blood cells were chosen for the 
simplicity and limited invasiveness of sample collection, 
with respect to other tissues. This makes this biological 
substrate a good candidate for control analysis. Substantial 
evidence in humans show that GH is an important modula-
tor of the immune system (Jeay et al. , 2002 ; Welniak et al. , 
2002 ). Phagocytic functions of neutrophils and monocytes 
are impaired in GH-defi cient subjects and improved after GH 
replacement therapy (Manfredi et al. , 1994 ). The natural killer 
activity of lymphocytes is reduced in the GH-defi cient state 
and recovered by GH treatment, which also protects lym-
phocytes against apoptosis induced by glucocorticoids (Jeay 
et al. , 2002 ). Recently, it was also shown that GH infl uences 
haematopoiesis and the numbers of white blood cells (Chen 
et al. , 2010 ). This last effect was not observed in this study. The 
infl uence of GH on leucocytes has also been demonstrated by 
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Table 1 Primer sequence, GenBank accession number (or reference) and amplicon length for every gene analysed in this study.

Gene or mRNA
variant

Primer sequence GenBank accession no./
Reference

Amplicon 
length (bp)

HMBS f CTT TGG AGA GGA ATG AAG TGG Pérez et al. (2008)  80
r AAT GGT GAA GCC AGG AGG AA

EEFIA2 f GCA GCC ATT GTG GAG ATG Pérez et al. (2008) 196
r ACT TGC CCG CCT TCT GTG

SF3A1 f GCG GGA GGA AGA AGT AGG AG Pérez et al. (2008) 125
r TCA GCA AGA GGG ACA CAA A

IGF-1 f TGC TCT CCA GTT CGT GTG GQ301206.1 142
r CAT CTC CAG CCT CCT CAG

IGF-2 f ACA GTT TGT CTG TGG GGA C E01192-FJ032306 164
r TCA CAT CCC TCT CGG ACT TG

IGFBP-1 f CGT CAA GAA GTG GAA GGA G NM174554 193
r GTA GAC ACA CCA ACA GAG C

IGFBP-2 f AAG GTC ACG GAG CAG CAC NM174555-DQ079594 197
r GGG ATG TGT AGG GAG TAG AGG

IGFBP-3 f CTA CGA GTC TCA GAG CAC AG AF305712-AY338972 103
r GTG GTT CAG CGT GTC TTC C

IGFBP-4 f GCC CTG TGG GGT GTA CAC NM174557-AJ223170 340
r TGC AGC TCA CTC TGG CAG

IGFBP-5 f CGG CAG GAC GAG GAG AAG NM001105327-DQ079593 187
r AGA TGC GGG TGT GCT TGG

IGFBP-6 f AGA AAG AGG ATT TGC CTT TGC Plath-Gabler et al. (2001) 324
r TCC GGT AGA AGC CCC TAT G

ALS f CAA CTT CTC CTC CAT CCC DQ444712 151
r CAG ACG ATT GTG CTC CAG

IGF-1R f TTA AAA TGG CCA GAA CCT GAG X54980-FJ032309 313
r CAT CAT AAC CAA GCC TCC CAC

GHR f GGA ACC ACC ACC CAA TAC AG EU178741 169
r TCT CAC ACG CAC TTC ATA CTC

GHR-1A f CAC CAT ATT CCT CCT CCA AC AY775296 204
r GCT GCC AGA GAT CCA TAC C

GHR-1B f GAA CCG CGC TCT CTC TCC AF046861  62
r GCT GCC AGA GAT CCA TAC C

GHR-1C f GAA AAC GAC CAG GCT CAA AG AF 036290  82
r GCT GCC AGA GAT CCA TAC C

GHR-1C3 f CTG CTG AGC GAG GAG AGG AF085281 123
r GCA CAA ACG CAC AAA GGG

GHR-1D f GAA CCG CGC TCT CTC TCC AF036292 117
r ATC TCC ACC CAC CTC AGC

GHR-1F f TCA CGA GAA GAG ATA CAC AGG AF036294 117
r GCT GCC AGA GAT CCA TAC C

GHR-1G f CTC ACT TAT TGC CTG ACC CAC AF036296  76
r GCT GCC AGA GAT CCA TAC C

GHR-1H f CTT CCA GGC TAG AGA ACA GTC AF036297 146
r GCT GCC AGA GAT CCA TAC C

GHR-1I f GTC CCA TCC AGT TAA ATG AAG G AF326349 151
r GCA TTT GTA GTA AGT AAC TGA TTC

changes in the proteomic profi le of white blood cells stimu-
lated with GH (Chung et al. , 2009 ). 

 The best reference genes must be chosen on the basis of 
their stability, their lack of responsiveness to the pharmaco-
logical treatment and of the expression level, which should 
be reasonably close to that of the target genes (Robinson et 
al. , 2007 ). Out of the eight candidate reference genes identi-
fi ed in a previous study (Castigliego et al. , 2010b ),  HMBS , 
 EEFIA2  and  SF3A1  were chosen because they represented 
the best combination of stability and expression level. In 

fact, the geometric mean of their Ct was <10 cycles from the 
Ct of the most abundantly expressed gene and from the Ct 
of the less expressed gene that has been taken into consider-
ation in this study.  

  Infl uence of exogenous GH on gene expression 

 To our knowledge, there are no specifi c studies on somatotro-
pic gene expression in buffalo leucocytes, and most of the 
attention that has been paid to the infl uence of GH treatment 
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 Figure 1    Variation of mRNA relative abundance for each analysed gene during the period of rbGH administration. rbGH was injected on 
days 2, 14, 16, 28, 30, 42, 44, 56, 58 and 70 after the beginning of the treatment.    

on gene expression has focused on other matrices. The impor-
tance of investigating individual organs or tissues is related to 
their different response to environmental changes as a con-
sequence of specifi c regulation mechanisms in each tissue, 
as highlighted by studies on many animal species, including 
bovines (Lucy et al. , 1995 ; Kirby et al. , 1996 ). Recently, we 
performed a study on somatotropic gene expression in the 
skeletal muscle of GH-treated cows. It was observed that  GHR  

showed a slight tendency to be down-regulated on day 2 after 
GH injection (Castigliego et al. , 2010a ). GHR has also been 
identifi ed in lymphocytes and macrophages, and GH has been 
shown to stimulate their proliferation  in vitro  (Clark , 1997 ; 
Jeay et al. , 2002 ). On the contrary, in this study, exogenous 
GH did not induce any alteration in GHR expression (Figure 
 2 , Table  2 ). The low basal levels of GHR mRNA could refl ect 
a minor role in regulation of somatotropic axis mechanisms 
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in leucocytes, especially if compared with the abundance of 
IGF-1R mRNA. However, the higher levels of the mRNA of 
some GHR variants with respect to cds -GHR  mRNA are not a 
straightforward occurrence. From one point of view, it cannot 
be assured, based on the current state of the art, that the sum 
of the mRNA of all the variants corresponds to that of cds-
GHR, even though in a previous study on muscle this equa-
tion seemed to be approximately satisfi ed (Castigliego et al. , 
2010a ). Moreover, it is not possible to exclude the occurrence 
of an alternative splicing, which lowers the total amount of 
cds-GHR mRNA that includes part of the sequence targeted 
by our primers (reviewed in Edens and Talamantes , 1998 ). 
However, it might be that primer sequences had one key 
mismatch on the gene sequence that was never recorded and 
which determines a slowdown in the fi rst phases of ampli-
fi cation, when only cDNA is present in the mix. This does 
not infl uence the calculated amplifi cation effi ciency if mea-
sured during the log phase, as done by the software associated 
to the thermocycler used in this study, but can introduce an 
error in the calculation of the absolute quantity of mRNA. 
However, it is not important for the main aim of this work, 
which involves a comparative study between GH-treated and 
non-treated animals. 

 GH has been shown to infl uence the expression of vari-
ant 1A in the liver of cows (Jiang et al. , 2007 ). Because 
rbGH administration might provoke a rearrangement in the 
expression pattern of the GHR variants in some cell types, 
we investigated the potential GH-induced variation in expres-
sion of the 5 ′ -UTR GHR variants. GHR 5 ′ -UTR 1A, 1B and 
1C have been shown to be the variants mainly expressed in 
bovine liver or muscle and are presumed to play a decisive 
role in regulating the expression of the GHR protein (Lucy 
et al. , 1998 ). Other variants (1D, 1E, 1F, 1G, 1H and 1I) have 
been supposed to give more signifi cant contributions only in 
particular physiological conditions or in particular cell types 
(Jiang and Lucy , 2001 ). Variants 1C1, 1C2 and 1C3 are pro-
duced from exon 1C, because of different initiation points for 
transcription (Jiang et al. , 1999 ). Variants 1D consists of a 
182-bp region identical to the 5 ′ -UTR variant 1C2 and 1C3 
and a 43-bp region identical to variant 1B1 and 1B2. The vari-
ant 1I is not related to the variants 1A, 1B and 1C in bovines 
(Jiang and Lucy , 2001 ). In the present study,  GHR  expression 
was found to correlate with all its 5 ′ -UTR variants, at differ-
ent levels of signifi cance (Table  3 ). Strong correlation was 
only found with variant 1C3 ( p   <  0.001). This evidence may 
suggest a major association between the cds- GHR , which 

Table 2 Summary of statistical analysis on the effect of rbGH administration on gene expression.

Scheirer-Ray-Hare Wilcoxon Friedman

Day 2 Day 14 Days 2–14 Time on
basal levels

Tr Time Int Tr Time Int T C

GHR ns ns ns ns p<0.05 ns ns ns ns
GHR-1B ns p<0.05 ns ns ns ns ns ns p<0.001
GHR-1C1 ns ns ns ns ns ns p<0.05 ns ns
GHR-1C3 ns ns ns ns ns ns ns ns p<0.05
GHR-1D ns ns ns ns p<0.01 ns ns ns ns
GHR-1I ns ns ns ns p<0.01 ns ns ns p<0.05
IGF-1 ns ns ns ns ns ns ns ns ns
IGF-2 ns p<0.05 ns ns p<0.001 ns p<0.05 ns p<0.001
IGF-1R ns p<0.001 ns ns p<0.05 ns ns ns p<0.01
IGFBP-1 p<0.001 ns ns p<0.01 ns ns ns ns ns
IGFBP-2 ns ns ns ns ns ns ns ns p<0.05
IGFBP-3 ns ns ns ns ns ns ns ns ns
IGFBP-4 ns p<0.05 ns ns p<0.05 ns ns ns ns
IGFBP-6 ns p<0.001 ns ns p<0.001 ns ns ns p<0.001

Effect of treatment (Tr), of time and of their interaction (Int) on the expression of the analysed genes on day 2 and day 14 after rbGH injection, 
using Scheirer-Ray-Hare’s test; comparison of expression levels on day 2 and day 14 for each gene, using Wilcoxon’s test; infl uence of time on 
the basic gene expression levels (calculated on controls), using Friedman’s test; T, treated buffaloes; C, controls; ns, not signifi cant.

Table 3 Spearman’s partial correlation of the expression levels for GHR and GHR 5′-UTR variants.

GHR-1B GHR-1C1 GHR-1C3 GHR-1D GHR-1I GHR

Serum GH ns ns ns ns ns p<0.05
Serum IGF-1 p<0.01 ns ns p<0.05 ns ns
GHR-1B ns p<0.01 ns ns p<0.01
GHR-1C1 p<0.01 ns ns p<0.05
GHR-1C3 p<0.05 ns p<0.001
GHR-1D ns p<0.01
GHR-1I p<0.05
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includes exons 6 and 7, and this variant. Except for variant 1I, 
whose expression level was found to be markedly higher with 
respect to the other variants, 1B, 1C1, 1C3 and 1D showed 
a low level of expression in leucocytes of both treated buf-
faloes and controls (Figure  3  ). A similar condition has also 
been observed in bovine spleen by Jiang and Lucy  (2001) . 
Only 1C1 showed a slight signifi cant decrement of expression 
( p   <  0.05) on day 2 compared with day 14 in the treated group, 
but not in the controls. This could be related to a response to 
exogenous GH, but its magnitude was not high enough to be 
considered as a biomarker. In the previous study on bovine 

skeletal muscle, an increase in expression was observed for 
GHR 5 ′ -UTR variant 1I on day 14 (Castigliego et al. , 2010a ). 
Taken together, these results indicate that GH treatment had 
no relevant infl uence on the expression of GHR variants in 
leucocytes. 

 IGF-1 is a critical lactogenesis factor. Although the liver 
is the main endocrine source of IGF-1, its secretion has 
been observed in most tissues of the body. However, if the 
liver production of this hormone has been demonstrated 
to be under the control of circulating GH (Mathews et al. , 
1986 ), the expression of  IGF-1  gene at the tissue level can be 

Table 4 Spearman’s partial correlation of the expression level for each analysed gene pair (excluding GHR 5′-UTR variants) and circulating 
hormone concentrations.

IGF-1 IGF-2 IGF-1R GHR IGFBP-1 IGFBP-2 IGFBP-3 IGFBP-4 IGFBP-6

Serum GH ns p<0.05 ns p<0.05 ns ns ns p<0.01 ns
Serum IGF-1 ns ns ns ns ns ns ns ns ns
IGF-1 ns ns ns ns p<0.01 ns ns ns
IGF-2 ns p<0.01 p<0.05 ns p<0.001 ns ns
IGF-1R p<0.05 ns ns ns ns ns
GHR ns ns ns ns ns
IGFBP-1 p<0.001 ns p<0.05 ns
IGFBP-2 ns ns ns
IGFBP-3 ns ns
IGFBP-4 p<0.05
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 Figure 2    Relative expression levels of the analysed genes (exclud-
ing GHR 5 ′ -UTR variants). 
 Overall comparison between treated animals and controls on day 2 
(A) and on day 14 (B).     **p<0.01; ***p<0.001.
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 Figure 3    Relative expression levels of the GHR 5 ′ -UTR variants. 
 Overall comparison between treated animals and controls on day 2 
(A) and on day 14 (B).    
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independent from it and undergoes different or more incisive 
mechanisms of regulation. In fact, the lack of infl uence of 
GH on local  IGF-1  expression has been observed in a num-
ber of tissues or organs, such as the mammary gland of cows 
(Sharma et al. , 1994 ) and ewes (Bassett et al. , 1998 ), and the 
muscle (Castigliego et al. , 2010a ) and reproductive tissues of 
cows (Lucy et al. , 1995 ; Kirby et al. , 1996 ). Although many 
effects of GH are also mediated by IGF-1 and some leuco-
cytes also express IGF-1 (Kelley et al. , 2007 ), we found a 
very low level of  IGF-1  expression and no signifi cant differ-
ences between treated buffaloes and controls (Figure  2 , Table 
 2 ), despite the sharp increase in GH and IGF-1 protein in 
blood after rbGH treatment, indicating a minor role of  IGF-1  
gene in regulating local mechanisms. 

 On the other hand, the expression level of  IGF-2  was 
noticeably higher than that of  IGF-1 . This agreed with simi-
lar observations in other tissues of cattle (Georgieva et al. , 
2003 ). However, we did not fi nd signifi cant differences 
between the treated and the control groups during the fi ve 
cycles of treatment (Figure  2 , Table  2 ). The overall data on 
the variations for paired samples throughout the period of 
the study revealed a slight but signifi cant ( p   <  0.05) under-
expression of  IGF-2  on day 2 compared with day 14 in the 
treated group, but not in the controls. Moreover, the expres-
sion level of  IGF-2  revealed a good correlation ( p   <  0.001) 
with  IGFBP-3  (Table  4 ). Even though these data do not dem-
onstrate any co-expression between the two genes, they may 
suggest a common response to environmental or specifi c 
factors. 

 The bioavailability of free IGFs is regulated by the IGFBPs 
to competitively limit access to IGF-1R (Baxter, 2000). The 
pattern of production of IGFBPs is specifi c for different cell 
types. In human peripheral blood mononuclear cells, secre-
tion of IGFBP-2, -3 and -4 was reported to be independent of 
GH (Auernhammer et al. , 2002 ). In this study, we observed 
no expression of  IGFBP-5 , and a low expression level of 
 IGFBP-3 , whereas  IGFBP-1 ,  -4  and  -6  were expressed at 
moderate levels. On the contrary, IGFBP-2 mRNA abun-
dance was several fold higher than that of the other binding 
proteins (Figure  2 ), suggesting that, during mid lactation, the 
leucocyte contribution to the regulatory mechanisms of soma-
totropic axis in the bloodstream mediated by  IGFBP-2  may 
be of a certain importance. Even though IGFBP-2 seems to 
be metabolically modulated (Wheatcroft and Kearney , 2009 ), 
GH treatment did not produce a signifi cant effect on  IGFBP-2  
expression. 

 IGFBP-3 and -5 play an important role in binding most 
of the circulating IGFs to increase their half-life or to facili-
tate their distribution between the vascular and extravascular 
systems (Guler et al., 2008). The low level of expression of 
 IGFBP-3  suggested that other tissues or organs, such as the 
liver, rather than blood, are mainly involved in the regulation 
of IGF-1 half-life, through the production of dedicated bind-
ing proteins. Furthermore,  IGFBP-5  was previously shown to 
be regulated by serum GH in the skeletal muscle. It has been 
suggested that it probably acts as a local factor to compete 
with receptors in binding IGF-1, thus limiting or modulating 
its stimulating effect on tissues (Castigliego et al. , 2010a ). 

We think that the absence of  IGFBP-5  expression in leuco-
cytes may be related to its specifi c local role since what is 
secreted by the blood cells cannot be localised to a restricted 
environment. 

 The only binding protein gene that has been shown to 
respond to the rbGH administration was  IGFBP-1 , which 
was signifi cantly under-expressed in treated animals both on 
day 2 ( p  < 0.001) and on day 14 ( p  < 0.01) (Figure  1 , Table  2 ). A 
number of studies indicated that IGFBP-1 is a dynamic regu-
lator of IGF bioactivity  in vivo , which modulates the short-
term bioavailability of IGF-1 in response to fasting or feeding 
(Jones and Clemmons , 1995 ) and inhibits IGF-dependent 
cellular growth and differentiation (Kelley et al. , 1996 ). 
IGFBP-1 also exerts IGF-independent effects, such as stimu-
lating cell adhesion and migration after binding to the  α  5  β  1  
integrins (Jones et al. , 1993 ; Gleeson et al. , 2001 ). Variations 
in circulating insulin are the principal mechanism by which 
IGFBP-1 concentrations are regulated (Yki -Jarvinen et al., 
1995 ). This association coupled to the modulatory action of 
IGFBP-1 on IGF-1 contributes to the maintenance of glucose 
homeostasis (reviewed in Wheatcroft and Kearney , 2009 ). 
Even though most of circulating IGFBP-1 derives from the 
liver, a contribution may be carried by other tissues, such as 
blood. As well as in the liver, inhibition of  IGFBP-1  expres-
sion in leucocytes may be due to the inhibitory action of GH 
(Seneviratne et al. , 1990 ; Gronowski and Rotwein , 1995 ) or 
of insulin, whose plasma levels have often been reported to 
increase as a consequence of GH treatment in lactating cows 
(Hodate et al. , 1991 ; VanderKooi et al. , 1995 ; Holzer et al. , 
1999 ). However, this last hypothesis cannot be supported 
by a direct measurement of plasma insulin in the buffaloes 
involved in this study. 

 Finally, multivariate discriminant analysis (MDA) enabled 
us to reach, at best, a level of 12 %  misclassifi cation of sam-
ples, divided equally among treated animals and controls. 
Therefore, this method of discrimination cannot guarantee the 
absence of both false-negative and false-positive outcomes. 

 In conclusion, gene expression analysis of peripheral blood 
leucocytes of buffaloes after treatment with rbGH revealed a 
slight change in the expression level of the somatotropic axis 
genes. This can be determined by an intrinsic resistance, as 
the result of different signals, whose complex synergy may 
be due to the peculiar biochemistry of certain cell popula-
tion or to the expression of a particular physiological state. 
This would produce a sort of internal pathway  ‘ homeostasis ’ , 
which would attenuate the GH overstimulus. 

 Only  IGFBP-1  was shown to respond markedly to exog-
enous GH stimulus, despite the fact that it cannot be con-
sidered alone as a reliable biomarker to reveal a hormonal 
administration. Therefore, also in the light of other promising 
approaches for research of gene expression biomarkers, there 
is a need to perform further investigation on other candidate 
genes, whose overall response to rbGH may provide reliable 
patterns to discriminate treated animals. This can be obtained 
by microarray analyses, which, even though expensive, are 
characterised by a very high throughput and may give impor-
tant hints for better focused and precise analysis using real-
time PCR.   
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  Materials and methods 

  Experimental design, rbGH treatment, sample 

collection and blood processing 

 The study was conducted over a period of 10 weeks on lactating 
multiparous Mediterranean buffaloes ( Bubalus bubalis ). Ten animals 
with a similar milk yield (8.93 ± 0.65 l/d) were selected from the dairy 
herd of the Institute of Experimental Zootechny of Monterotondo 
(Rome, Italy). Their age ranged from 4 to 7 years and their weight 
was 705 ± 75 kg. 

 The animals were housed in a free open-stall barn, with concrete 
fl oor and a roof-covered area for resting and feeding and access to 
an outdoor lot with natural ground. They were fed a mixed diet (corn 
silage, alfalfa hay, maize fl our, soybean meal)  ad libitum  twice daily, 
with free access to fresh water. Animals were kept under veterinary 
observation throughout the whole experimentation period. They un-
derwent an ordinary health check once a week and were managed dur-
ing the study in compliance with the Italian law on animal protection 
for experimental and other scientifi c purposes (D.L. No. 116/1992). 

 The animals were allotted randomly to two groups (n = 5/group). 
One group was given the rbGH treatment and the other served as 
control. Treatment was performed supplementing a sustained release 
formulation of rbGH (Boostin; LG Life Sciences, Seoul, Korea), 500 
mg/dose in 2 ml, as subcutaneous injections in the tail head area, 
every 14 days, after the 9th week  post partum  (68 ± 3 days after partu-
rition) for a total period of fi ve cycles of injections. A saline solution 
(0.9 %  NaCl) was administrated to the controls. 

 To assess whether rbGH treatment was effective, the milk yield of 
each buffalo was measured on day 5 of each cycle. Blood samples 
were collected before the fi rst meal of days 2 and 14 after each rbGH 
injection by jugular venipuncture in vacutainer tubes with EDTA, 
and immediately processed. Day 14 was the last day before a new 
injection of rbGH. Blood samples were submitted to RNA extraction 
and to cell count for a health check.  

  Extraction of the RNA and reverse transcription-PCR 

 The leucocyte total RNA was extracted using a PerfectPure RNA Blood 
Kit (5 Prime, Gaithersburg, MD, USA) according to the manufactur-
er ’ s instructions. RNA was then frozen at -80 ° C and sent in dry ice 
to another laboratory for further processing. The amount of RNA ex-
tracted was estimated using a NanoDrop ND-1000 spectrophotometer 
(NanoDrop Technologies Inc., Wilmington, DE, USA) by measuring 
the optical density (OD) at 260 nm. Its purity was evaluated as the ratios 
OD 260 /OD 280  and OD 260 /OD 230 . RNA integrity was assessed by denatur-
ing 1 %  w/v agarose gel electrophoresis. Then 0.5  µ g of extracted RNA 
was immediately treated with DNAse and reverse transcribed into cDNA 
using a QuantiTect Rev. Transcription Kit (Qiagen, Hilden, Germany), 
according to the manufacturer ’ s instructions, in a fi nal volume of 
30  µ l. The cDNA obtained was stored at -20 ° C until the PCR. Tests to 
ascertain the absence of genomic DNA contamination were produced 
by performing retro-transcriptions without reverse transcriptase, and 
non-reverse-transcribed samples were included in the PCR reaction.  

  Primer design 

 Primers were mainly designed in a previous study (Castigliego et al. , 
2010a ) on the basis of the bovine sequence deposited in GenBank 
using Beacon Designer 5.01 (Premier Biosoft International, Palo 
Alto, CA, USA), checked on buffalo sequences, when available, 
and corrected (Table  1 ). Amplicons were planned to span at least 
two exons of the coding sequence, with the exception of  ALS , made 

by only two exons, of which the fi rst is too short for the hosting 
of a forward primer with the characteristics required. For most of 
the GHR 5 ′ -UTR variants, a common reverse primer was designed 
that anneals on the fi rst common exon (exon 2). Exceptions included 
variants 1C3, 1D, 1E and 1I for which a specifi c reverse primer was 
created. For 1C3 and 1I, both primers stand on the same exon se-
quence, while primers for 1D are placed on very distant sequences 
on genomic DNA. No suitable primers were found for 1C2, which is 
why it was excluded from the analysis. 

 Hydroxymethylbilane synthase ( HMBS ), eukaryotic transla-
tion elongation factor 1 α 2 ( EEFIA2 ) and splicing factor 3 subunit 
1 ( SF3A1 ) were used as reference genes, according to a previously 
performed pilot study (Castigliego et al. , 2010b ). 

 Table  1  shows the primer sequences, codes of the deposited se-
quences used for the primer design and the amplicon length.  

  Real-time PCR 

 The cDNA obtained was amplifi ed by real-time PCR in a RotorGene 
6000 thermocycler (Corbett Research, Sydney, Australia). Each re-
action was performed in 100- µ l tubes, and the working solution was 
made up of 5  µ l of a premixed solution (QuantiTect SYBR Green 
PCR Kit, Qiagen), 1.5  µ l of the premixed forward and reverse prim-
ers (fi nal concentration of 0.2  µ m), 1  µ l of cDNA solution and 2.5 
 µ l of water. For each sample, a blank reaction without a template 
was included. All the amplifi cations were produced according to a 
cycling protocol previously adapted for the ensemble analysis of the 
eight selected genes: 15 min at 95 ° C, 40 cycles of 15 s at 94 ° C, 30 s 
at 53 ° C, 30 s at 72 ° C, and a fi nal extension of 5 min at 72 ° C. At the 
end of each run, a melting curve analysis (95 ° C for 15 s, 60 ° C for 
1 min, increase of 0.5 ° C/5 s until 95 ° C) was performed to assess the 
amplifi cation specifi city. To verify the correspondence of each PCR 
product with the known sequences stored in the databases, prelimi-
nary amplifi cations were performed on leucocytes and other buffalo 
tissues, and DNA products were both checked by electrophoresis 
and sequenced on commission by BMR Genomics (Padua, Italy). 

 Data analysis was carried out using an effi ciency correction 
model. In brief, we used the following formula to calculate the rela-
tive expression ( R ) of each target gene: 

  R  = ( E  ref1  
CP ref1   ×   E  ref2  

CP ref2   ×   E  ref3  
CP ref3 ) 1/3   ÷   E  target  

CP target  

 where ( E  ref1  
CP ref1   ×   E  ref2  

CP ref2   ×   E  ref3  
CP ref3 ) 1/3  represents the geometrical 

mean of the effi ciency corrected values of the three reference genes, and 
 E  target  

CP target  represents the effi ciency corrected value of the target gene. 
Each  E  CP  is in turn the product of the geometrical mean of the triplicates. 

  E  represents the mean of the effi ciencies for a single gene of all 
the samples, and CP is the crossing point. Effi ciency was calculated 
using the thermocycler-associated software, for each gene in each 
run, according to the equation  E  = [10 (-1 /M ) ]-1, where  M  is the slope of 
the amplifi cation curve in the exponential phase.  

  Serum GH and IGF-1 

 The total amounts of circulating bovine GH and IGF-1 were mea-
sured by a sandwich ELISA as described previously, where full re-
sults on hormone levels were presented in full (Castigliego et al. , 
2011 ). Here, we only use values for correlation analysis.  

  Statistical analyses 

 To assess the equality of variance between the treated and the con-
trol group, Levene ’ s test was used. Since dissimilar variances were 
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found for a number of genes, a non-parametric multiway ANOVA 
(Scheirer-Ray-Hare extension of the Kruskal-Wallis test) was used to 
assess the effect of treatment, of time on treatment and their interac-
tion on milk yield on day 7; hormone concentration and gene expres-
sion levels, both on day 2 and on day 14. A comparison was also 
performed between day 2 and day 14 after each injection in treated 
animals and controls, using the Wilcoxon test for paired samples. 

 To evaluate the effect of time on the basal level of the analysed 
parameters, Friedman ’ s ANOVA by ranks was performed on non-
treated animals. 

 Spearman ’ s rank partial correlation was used to assess the relation 
between every possible combination of paired genes and between 
genes and circulating hormones. 

 Values are reported as means ± SEM. Differences were considered 
signifi cant when  p  was  < 0.05. Data were processed using PRISM 
version 5.01 (GraphPad Software Inc., San Diego, CA, USA) and 
JMP version 5.01 (SAS Institute Inc., Cary, NC, USA). 

 Finally, to investigate the multivariate response to GH adminis-
tration, we adopted the MDA, which predicts which group ( Y ) an 
observation belongs to, based on the characteristics of  p  predictor ( X ) 
variables. The multidimensionality of data is transformed by a spe-
cifi c algorithm to essentially two dimensions, which can be plotted. 
Different combinations of genes have been tried, based on the single 
contribution to the variability of data.    
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