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Abstract. – OBJECTIVE: Precision medicine
is a personalized disease prevention and treat-
ment program combining modern genetic tech-
nology, molecular imaging techniques, and bio-
logical information with patients’ living environ-
ment and clinical data, for accurate classification
and diagnosis of diseases.

CASE REPORT: Our study presents the case of
a 7-year-old female patient with clinical manifes-
tations of growth hormone (GH) deficiency. After
treatment with recombinant human GH for 2
years, the patient showed a reduced growth rate.
Then single nucleotide polymorphisms accord-
ing to GHD was analyzed, and the 6009 site with-
in cyclin-dependent kinase 4 gene showed a
weak response to IGF-1 which was a down-
stream signal molecules of GH.

CONCLUSIONS: Based on these results, both
Zn and GH were supplied to the patients, and the
growth rate increased significantly. Precision
medicine needs more studies on patients to
make accurate treatment.
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Introduction

Precision medicine focus on the customization
of healthcare, with decisions and practices tai-
lored to an individual patient based on their in-
trinsic biology in addition to clinical “signs and
symptoms”, including optimal therapeutics and
accurate medication1,2. The optimal therapeutics
can be prescribed according to specific individual
etiologies and genetic factors, including hap-
loidy, single-nucleotide polymorphism (SNP),
and gene expression3. Accurate medications in
the pathology field contain accurate diagnosis of
disease and molecular genetic testing4. For the
patients with growth hormone deficiency (GHD),
most of them were supplied recombinant human
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growth hormone (rhGH) clinically. Precision
medicine was also important based on the differ-
ent physical condition.
There are numerous genes and SNP sites relat-

ed to GHD have been tagged and investigated5.
The genomic deletion of the exon 3 in the GH re-
ceptor (GHR) has been linked to the growth re-
sponses to high-dose rhGH therapy for the treat-
ment of short children6. Some SNPs related to
lipid metabolism contribute to individual differ-
ences in baseline serum lipid profiles7. Stevens
found that six SNPs in five different genes of
children with GHD are significantly associated
with 1-month IGF-1 SDS. In children with GHD,
the AA genotype of 6500 sites (SNP rs2270777)
within CDK4 was associated with high IGF-1 re-
sponse, and GG type means weak IGF-1 re-
sponse8. In a female patient, the GG genotype of
6009 sites (SNP rs2069502) in CDK4 exhibits a
weak response to IGF-1 while the AA showed a
high response8.
The growth rate of patients with GHD is not

only influenced by the polymorphism of gene
markers, Zn deficiency has also been reported
to be associated with growth impairment9. Stud-
ies10,11 suggested that Zn can mediate growth
stimulation by altering the levels of circulating
IGF-1. During the growth period, Zn deficiency
results in growth failure and lack of gonadal
development8. Zn supplementation exerts evi-
dent effects on inducing the growth rate of both
healthy and short children with Zn deficien-
cy12,13.
We report here a 7-year-old female patient

with GHD. After treatment with rhGH for two
years, the growth rate was lower year by year, but
the dosage of rhGH on the second year is higher
than the first year. The SNPs of this patient was
analyzed and the genotype of CDK4 showed less
response to IGF-I which is a downstream signal
molecules of GH. Because serum Zn is associat-
ed with IGF-I, both Zn and rhGH were supplied
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SNPs related to GHD were also analyzed and the
6009 site in CDK4 was GG (Table II), which
means weak response to GH. Then both Zn (1
mg/kg/d) and more rhGH (0.25 U/kg/d) were
supplied to the patient. After 3 months, the
growth rate increased significantly to 8.5 cm/y
(Table I).

Discussion

Precision medicine aims to minimize iatro-
genic damage, reduce treatment costs, and maxi-
mize the effectiveness of treatments14. Precision
medicine is not only confined to treatment at the
molecular level (e.g., genomic markers) but is al-
so combined with other technologies, such as tra-
ditional medicine, including PET-CT, pathologi-
cal examination15. As we know, gene polymor-
phisms can alter gene function.
In the rhGH therapy, the polymorphisms of

genes could affect the signaling pathways that
participate in growth responses to GH16. The
6009 and 6500 sites of CDK4 were important
SNPs, which means different response to GH.
The GG in 6009 site means weak response to
GH, while the AA means a normal response8.
The AA in 6500 site means normal response,
while the GG means weak response. In this pa-
tient, the 6009 site is GG and the 6500 site is
AA. Therefore, the response to GH maybe weak
compared with a normal child. A high dose of
rhGH is needed in the treatment.
The GH/IGF-1 pathway plays essential roles

in growth in childhood. As a key marker of GH
activity, IGF-I has been shown to be useful in
monitoring and adjusting GH dose during treat-
ment of GHD17. In this case, when rhGH was
used the IGF-I level reduced from 196 ng/mL to
160 ng/mL, while IGF-I level increased to 242

and the growth rate increased significantly. This
case was a good example in patients with GHD
on precision medicine.

Case Presentation
A 7-year-old female child was admitted to

our department on an emergency basis because
of short stature 112.8 cm, which is below the
third percentile for her gestational age. She was
born by cesarean delivery with 50 cm and a
birth weight of 3.9 kg. She had normal eating
and sleeping, with normal spine and extremital
symmetry. Her father was 168 cm and her moth-
er was 155 cm, with a target height of 161 cm.
No abnormal findings were revealed through
analysis of complete blood test, liver and renal
function test, hyperthyroidism, and sex hormone
index. Moreover, normal results were obtained
from type-B ultrasound check of the uterus and
ovary, abdominal ultrasound, double adrenal ul-
trasound, and pituitary magnetic resonance
imaging.
The growth rate of this patient was only 4 cm

per year. Based on clonidine and arginine, the
growth hormone stimulation experiment showed
the peak GH was only 4.11 ng/mL, which meant
the patient was serious GHD. Then the rhGH was
supplied to this patient on the dosage of 0.12 in
the first year and 0.15 in the second year. In the
first year, the growth rate was 9.8 cm/y, but in the
second year, the growth rate was only 7.2 cm/y
(Table I). These results suggested that the re-
sponse to rhGH was weak in this patient.
It has been reported that the GH-IGF-1 was an

important factor in growth regulation The IGF-I
was a downstream signal molecular of GH, and
the serum Zn was associated with IGF-1. There-
fore, the serum Zn level of the patient was detect-
ed with the concentration of 147.3 mol/L Zn,
which is lower than normal concentration. The

Post-treatment Post-treatment Post-treatment
without Zn without Zn with Zn

Characteristic Pre-treatment supplementation supplementation supplementation

Age (years) 7 8 8.11 9.2
∆H (cm/yr) 4 9.8 7.2 8.5
Weigh (kg) 20.5 23.5 28.5 29
Bone age (year) 7 8 9 9
rhGH dosage (U/kg/d) – 0.12 0.15 0.25
IGF-1 (ng/mL) 196 160 174 242
Serum Zn (µmol/L) – – 147.3 154.7

Table I. Baseline characteristics of the patient.
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ng/mL when both rhGH and Zn were used. Al-
though the IGF-I level was in the normal range,
IGF-I cannot be used as an accurate marker of
GH in this case. Maybe, the IGF-I can be regulat-
ed by GH and other factors together, and Zn is
important in this process.
Growth retardation related to Zn deficiency

may have resulted from low serum IGF-1 con-
centrations and inhibition of the anabolic actions
of IGF-112. Zn deficiency reduces IGF-1 gene ex-
pression, which can be reversed by Zn supple-
mentation but not by GH administration. Zn defi-
ciency can also lead to pubertal arrest possibly
through its effect on hypothalamic function,
which can be reversed by Zn supplementation12.
In this case, the concentration of serum Zn was
lower than normal, suggested the concentration
of IGF-I maybe low to show a normal effect on
growth. Therefore, Zn should be supplied to the
patient in this case.

Conclusions

In this paper, we demonstrated that the poly-
morphism located at the 6009 site of CDK4 is
associated with GH response in patient with
GHD during rhGH treatment. The patients with
GG genotype in CDK4 means a low response
of GH and should be supplied by a high dose of
rhGH. We also found that the serum Zn concen-
tration was related to serum IGF-I concentra-
tion and its function in growth. Therefore, we
assumed that the different genotype of patients
and serum Zn concentration should be supplied
with different treatment with Zn or rhGH
dosage.
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