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Abstract

Glycerol Kinase Deficiency (GKD) is a rare X-linked recessive
metabolic disorder. Mutations in the GK gene are the major causes
of isolate GKD. In this study, we report an isolated GKD patient, who
exhibited elevated serum triglycerides and urine glycerol. Mutation-
al analysis of GK gene using Sanger sequencing revealed a novel
splice-site mutation (c.1340 -2A>G), and sequence analysis of the
RT-PCR product confirmed that this mutation resulted in a skip of
exon17. The mRNA of GK in patient was decreased by 59.2%, com-
pared to the control. This finding expands the mutation spectrum of
GK, helps us understand the molecular basis of GKD, also contrib-
utes to contemporary genetic counseling.
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What is already known on this topic?

Glycerol Kinase Deficiency (GKD) [OMIM 307030] is a rare
X-linked recessive metabolic disorder, which is characterized bio-
chemically by hyperglycerolaemia and glyceroluria. Mutations in the
GK gene are the major causes of isolate GKD.
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What this study adds?

We report a novel splice-site mutation (c.1340 -2A>G) identified
at GK gene analysis.

Introduction

Glycerol Kinase Deficiency (GKD) [OMIM 307030] is a rare
X-linked recessive metabolic disorder, which is characterized bio-
chemically by hyperglycerolemia and glyceroluria [1]. The clinical
spectrum varies from asymptomatic and Central Nervous System
(CNS) deterioration to severe developmental delay, and is found to
be related with GK gene mutation. The gene (GK) is located on Xp21
and encodes a key enzyme in regulation of glycerol uptake and me-
tabolism that catalyzes the phosphorylation of glycerol [2].

GKD can be categorized into three types: Infantile GKD, Juvenile
GKD and Adult GKD. The Infantile GKD, also called the complex
GKD or Xp21 contiguous gene deletion syndrome, is the most com-
mon type of GK mutation, which is caused by a deletion of GK gene
or the neighboring genes, the clinical manifestations depends on the
deletion of the genes [3]. The juvenile GKD is called symptomatic
GKD, with symptoms like episodic vomiting, acidemia and Central
Nervous System (CNS) deterioration. The adult GKD is called as-
ymptomatic GKD, which detected incidentally with pseudohyper-
triglyceridemia. The juvenile and adult GKD are also called isolat-
ed GKD, which mainly caused by point mutations in GK gene.

In this case report, a Chinese patient clinically diagnosed with iso-
lated glycerol kinase deficiency is detected to have a novel splice-site
mutation in the GK gene, which leads to a skip of exon 17.

Case Report
General information and clinical manifestations

A 3-month-old male term infant was referred to hospital due to
no weight gain for three months. He was born with uterine-incision
delivery route due to malpresentation after a first pregnancy of a
27-year-old mother at 38 weeks of uncomplicated gestation. His Ap-
gar score was 9 points at Smin, with birth weight 3250g and head
circumference 32cm. The parents were nonconsanguineous.

Laboratory tests

The infant’s serum triglyceride was 11.17mmol/l (normal range:
0.52-1.56mmol/l), and his urine analysis revealed increased urine
glycerol. His serum cortisol level was 1.00ug/dl (normal range: 3.7-
19.4pg/dl (8 am); 2.9-17.3ug/dl (4 pm)), testosterone was 1.02ng/ml
(normal range:1.42-9.23ng/ml), lactate dehydrogenase was 275.5U/1
(normal range: 109-245U/1), and creatine kinase was 77.0U/l (normal
range: 24-190U/1).

Molecular studies

The clinical and laboratory findings were consistent with the clin-
ical diagnosis of isolated glycerol kinase deficiency. The proband
and his mother were recruited at the Hunan Jiahui genetics hospital.
The study was approved by the Ethics Committee of the State Key
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Laboratory of Medical Genetics (SKLMG) and an informed consent
was signed by the patient’s parents before testing.

Mutation screening of the GK gene by Sanger sequencing: Genomic
DNA was extracted from peripheral blood lymphocytes, using the
Quick gene DNA Whole Blood Kit L (FUJIFILM, Tokyo, Japan). All
19 exons and flanking regions of the GK gene (NM_000167) were
amplified by Polymerase Chain Reaction (PCR) using the primers.
The primer sequences and PCR conditions are available upon request.
The PCR products were confirmed by Polyacrylamide Gel Electro-
phoresis (PAGE), followed by Sanger sequencing (Biosune, Chang-
sha, China). The sequencing results were analyzed using the DNAS-
TAR (Madison, WI, USA) software.

We identified a split-site mutation (c.1340 -2A>G) in the GK gene
(NM_000167), his mother was heterozygous (Figure 1) for the mu-
tation, and it had not been previously reported in the Human Gene
Mutation Database (HGMD), dbSNP144, or Exome Variant Server
(EVS). To investigate the effect of this splice-site mutation on RNA
species, we performed Reverse transcription-PCR on RNA from the
patient’s peripheral blood samples.
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Figure 1: A: The pedigree chromatogram of the GKD family. The arrow
indicates the proband. I-2 is a carrier. B: ¢.1340 -2 A>G sequencing results
of the patient and his mother.

Mutation analysis of cDNA by Reverse transcription PCR: Total
RNA was extracted from the peripheral blood lymphocyte cell lines
using Trizol reagent in accordance with standard procedures, and was
reverse transcribed to the first strand cDNA with 1pg of the extracted
RNA in a final volume of 20ul using Revert Aid First Strand cDNA
Synthesis Kit (Thermo scientific). One pair primers were designed to
amplify the exon 15 to 19 of GK, exon-F: 5'-GCTGCATTAGAAGCT-
GTTTG-3', exon-R:5'-TTGCTGGGTTCTTTCATTAT-3". The PCR
amplifications were performed as the following procedure: an initial
denaturation of 94°C for 7min, 35 cycles of denaturation at 94°C for
30s, annealing at 60°C for 30s, extension at 72°C for 50s, and a fi-
nal extension of 72°C for 7min. Then, we conducted PAGE for the
products, found that there were four bands (a, b, ¢, d) in the patient,
with size of 541bp, 454bp, 396bp, 309bp, respectively, which were
sequenced by Sanger sequencing (Biosune). The sequencing results
were analyzed by using the DNASTAR (Madison) software. Then,
we blasted the sequencing results of the bands, found that the a and
b bands represented the wild-type GK mRNA (NM_001205019;
NM_000167), ¢ and d represented the mutant misspliced RNA (Fig-
ures 2 and 3).
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Figure 2: A: Lanel - normal control (two transcripts, 541bp and 454bp).
Lane2 - patient. Lane3 - patient’s mother. Lane4 - blank. Lane5 - mark-
er (100bp ladder), we named the four products a, b, ¢, and d. B: Direct
sequencing of the RT-PCR products across the site of the ¢.1340 -2 A>G
mutation, which revealed a skip of the exonl7. C: Normal splicing and
aberrant splicing produced 541bp/454bp and 396bp/309bp PCR fragments,
respectively, the black boxes represent the primers.

Analysis of GK expression by real-time quantitative PCR:
Total RNA was extracted from the patient’s immortalized lympho-
blastusing Trizol reagent in accordance with standard procedures,
first strand cDNA synthesis, was carried out as previously described.
Quantitative PCR was performed on a real-time PCR system (step
one plus, ABI, USA) using a Eva Green 2X qPCR Master Mix -ROX
(abm) following the cycling conditions: 95°C for 10min followed by
40 cycles of 95°C for 10s, and 60°C for 1min. The relative standard
curve method was used to analyze the expression level. The expres-
sion was normalized to Actin in the same sample and three biologi-
cal repeats were measured. The real-time primer pairs for GK were
5'-GGTAGATGGAGGAATGACCAGCAAC-3' and 5'-GTTTC-
GGGCATTGAGGGCTT-3' (product length: 98bp); and real-time
primer pairs for Actin were 5'-CGTCTTCCCCTCCATCGT-3" and
5'-GAAGGTGTGGTGCCAGATTT-3' (product length: 184bp). Re-
al-time PCR showed that GK mRNA in patient was decreased by
59.2%, compared to their age- and gender-matched controls (Figure
4).

Currently, there are about 34 mutations in GK gene (NM_000167)
have been reported in patients with GKD (HGMD Professional
2017.1), including missense/nonsense mutations (60-61%), splice-
site mutations (21-22%), deletion mutations(15-16%) and insertion
mutations (3-4%).

The GK gene (NM_000167) contains 19 exons and yield 1575bp
transcript. We identified a patient with isolated GKD due to splice-site
mutation (c.1340 -2 A>G). RT-PCR analysis of the patient’ s periph-
eral blood lymphocyte cell revealed that there were four fragments,
two wild-type GK mRNA, and two mutant mRNA. The mutation cre-
ated a cryptic splice acceptor site, resulting in alternative splicing of
the transcript with a small amount of correctly spliced GK mRNA.
Likewise, we found that there were normal splicing in the splice-site
mutations reported previous [4,5]. Sequencing the fragments, we
found that the mutation caused a skipping of the whole exonl17, lead-
ing a frame shift mutant of p. Val446Glufs*48. Then, we did the re-
al-time PCR, and found that the GK mRNA in patient was decreased
by 59.2%, compared to the control. So, we can get a conclusion that
thesplice-site mutation (c.1340 -2 A>QG) of GK may be the cause of
the patient.
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Previous studies had also reported the deletion of exonl7 in two Interestingly, most of the patients with split-site mutation report-
isolated GKD patients, one presented psychomotor, growth retarda-  ed previously presented with asymptomatic form of GKD [4,5,7-9].
tion and multiple fractures from minor trauma, which couldn’t be pre-  Only one patient from the literature (IVS9-1G>T) who had a history
vented by vitamin D or phosphate supplements, and another one man-  of metabolic and CNS crises at the age 6 years and 3 months, indi-
ifested pale, somnolent, hyperventilate and severe abdominal pains  cating the symptomatic form of GKD, but he was uneventful in the
[6,7]. It’s suggested that the deletion of exonl7 is strongly associated  neonatal period and early childhood [10].

with the incidence of GKD.
Range 1: 1 to 420 Graghics
(1) HW Score Tacntiies “Gaps  Swand

629 418/511(82%) 92/511(18%) Plus/Plus

Query 1  CGAAAGAATTTGGAGCCATGA-TCGAGACTGTGGAATTCCACTCAGTCATTTGCAGGTAG 59
y PEEL DRREERLE FRen REER R e i i et

Sbjct 1 AAGATTTTGGAGC -ATGAATCGAGACTGTGGAATTCCACTCAGTCATTTGCAGGTAG 56

Query 6@ AACAAAATTCTTATGCAGCTACAAGCAGACATTCTGTATATAC 119
« |||I||IIIIIIlIIII|||I|||I||IJIIH|IIIIIIJIIIIIIIIIIIIIIIIHI

sbjct 57 ATGGAGGAATGACCA TTCTTATGCAGCTACAAGCAGACATTCTGTATATAC 116

Query 120 CAGTAGTGAAGCCCTCAATGCCCGAAACCACTGCACTGGGTGCGGCTATGGCGGCAGGGG 179
), III||III||II[II!|IIIIIIIIIII]IIIl|II||II||IIIIIII|III||III|I

sbict 117 AGTGAAGCCCTCAATGCCCGAAACCACTGCACTGGGTGCGGCTATGGCGGCAGGEE 176

Query 182 CTGCAGAAGGAGTCGGCGTATGGAGTCTCGAACCCGAGGATTTGTCTGCCGTCACGATGG 239

PRREELER R e e i e e e eennnninnl

Sbjet 177 CTGCAGAAGGAGTCGGCGTATGGAGTCTCGAACCCGAGGATTTGTCTGCCGTCACGATGG 236

Query 240 AGCGGTTTGAACCTCAGATTAATGCGGAGGAAAGTGAAATTCGTTATTCTACATGGAAGA 299
. TREEELRRR R e e e e e e nnnnnni

Sbjct 237 AGCGGTTTGAACCTCAGATTAATGCGGAGGAAAGTGAAATTCGTTATTCTACATGGAAGA 296

Query 300 ATGAAGTCAATGGGTTGGGTTACAACTCAATCTCCAGAAAGTGGTGACCCTA 359
) |||IIIIIIIIIlIIIIIIIIIIIIIII]III1|||II||II||III||IIII

Sbjct 297 CAATGGGTTGGGTTACAACTCAATCTCCAGAAAGTGGT = ===~~~ 349

Query 360 GTATCTTCTGTAGTCTGCCCTTGGGCTTTTTTATAGTGAGTAGCATGGTAATGTTAATCG 419

] =

Query 420 GAGCMGGTACATCTCAGGTATTCCATMMCCTACCAACTCATGGJ\TTCCCMGATGTG 479
i IIJII l || 1111 II|IIII||I||IIH|

Sbict: 350 mmsmsssasmessssvmsEs, AACTCATGGATTCCCAAGAT 3ge

Query 480 GAAAGAACCCAGCAAA
. |IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

sbict 390 TGAAAGAACCCAGCAAA

to 366 Graphics 76 Graghic
Identities Gaps Strand @) — —
(rd} Blus/h Identities Gaps Strand
ALG/31(EN) 145/511(25%) os/Phss 273/422(65%) 148/422(35%) Plus/Plus
CCGGTAGAATTTGGAGCC AGTCATTTGC 6
TN I||II|I|IIIIIIIIII|II|IIIIIIIHIIIIIIIHIIIII GATTTTGGA-GCATG - AATCGAGACTGTEGAATTCCACTCAGTCATTTGCAGGTAGAT

ACGA-AGAATTGGATGCCATGATCGAGACTGTGGAATTCCACTCAGTCATTTGCAGGTAG 59 | FEREEEEE CEREE FEEERRERREREEREEEEEE R i
GA-ATTTTGGATGCATGCAATCGAGACTGTGGAATTCCACTCAGTCATTTGCAGGTAGAT
1 ATGGAGGAATGACCAGCAACAAAATTCTTATGCAGCTACAAGCAGACATTCTGTATATAC 120

|I||HHIIIIlIIIIIIIlIIIIIII|I||II!|||||I|IIHIIIIIIIHIIIII GGAGGAATGACCAGCAACAAAATTCTTATGCAGCTACAAGCAGACATTCTGTATATACCA
e u¢ |||||||||l|||[||l|\Hl|II__I||I|||||||||I||||IIHI LT
21 CAGTAGCGAACCCCGECCTGOCCCARRGCACTGCACTGGGTGATGCTATGGAGGGCTGEG 180  COAGGAATGACCAGCAACAAMATTCTTATGCAGCTACAAGCAGACATTCTGTATATACCA

L Err— GTAGTGAAGCCCTCAATGCCCGAAACCACTGCACTGGGTGCGGC TATGGCGGCAGGGGCT
20 CAGTAG 125

81 CAGCGARACGACTCATGGAATCTCGTCTCCAACCCTATGACTTGCCTGCCOACGGARTGE 240  GTAG====ssesesercscasannaracancasasancanasnnsasacacanancas
------------------------------------------------------------ GCAGAAGGAGTCGGCGTATGGAGTCTCGAACCCGAGGATTTGTCTGCCGTCACGATGEAG

a1 mcwcmwcmmmcTmcmﬂlammrcﬁmam"m??c? B s S i e e O S B
3, mermrsemsoamsessassemsnsmsaenD ARAGTGAAATTCGTTATTCTACATGGAAGA 155 ¢GGTTTGAACCTCAGATTAATGCGGAGGAAAGTGAAATTCGTTATTCTACATGGAAGAAA

01 GAGCTGAGATCAATGCAATGGGTTGCGTTACAACCCCCTCACCGTAATGTGCCGACCCTC 360 [LLLECEELEEEEDLELEREEELEELEET ]
HIH-DEHE LR EL UM, o, S etmesanensisses ey AAAGTGAAATTCGTTATTCTACATGGAAGAAA

56  AAGCTGTGATGAAGTCAATGGGTTGGGTTACAACTCAATCTCCAGAAMGTGGTGACCCTA 215
GCTGTGATGAAGTCAATGGGTTGGGT TACAACTCAATCTCCAGARAGTGGTATTCCATAA

61 TTATCTTCTGTACCCTGCCCTTGTTTTTTTTTATATAGAGTAGCATGGTAATGCTARTCG 428 | [[LLLILLIELEELIDEEETELLEELEREEEELEE LR L EEELLEELEELT I
LIEEELLEEE TEELLLE iIIIlIII! IIIIIIIHIIIIIIIIHIII GCTGTGATGAAGTCAATGGGTTGGGT TACAACTCAATCTCCAGAAAGTGGTATTCCATAA

16 GTATCTTCTGTAGTCTGCCCTTGGECTTTTTT ATGGTAATGT 275
TCATGGATTCCCAAGATGTGAGCTTTTTACATAATGAAAGAA!
21 GAGCACGGCACATCTCATGCATTCCATATAACCTACCAAGTCTTGCATTCACGAGATGTG 488 AACCTACCAACTCATREATICEE, (3 e
it |II|II|IIl|I|lI||HHJIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIII[
76  GAGCAAGGT mrcmsmmmmmccmnmcmcccwrsm 335
81 ATCTTTTTACGTAATGAACCAACCCAGCAAA 511 An 420
I iIIHIII |1EII|| II||I|HI|I |
36 AGCTTTTTACATAATGAAAGAACCCAGCAAA 366 A 276

Figure 3: (1) Sequencing results blast of the products a and b, query is a, and the other is b; (2) Sequencing results blast of the products a and c, the above
one is a, the other is ¢; (3) Sequencing results blast of the products b and d, the above is b, the below is d.
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gene, which was most likely responsible for this patient’s pathogenic
GK . . . L

cause. This detection offered an important insight into the pathogen-
1.5- ic mutation spectrum of glycerol kinase deficiency and could help
in clinical diagnosis and genetic counseling of patients with glycerol
kinase deficiency.
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Figure 4: GK and actin mRNA expression in patient and control. Patient and control
total RNA were screened for GK and actin mRNA transcripts by real-time RT-PCR. References
GK mRNA in patient was decreased by 59.2%, compared to their age- and gen-
der-matched controls.

1. Sjarif DR, Ploos van Amstel JK, Duran M, Beemer FA, Poll-The BT (2000) Isolated
and contiguous glycerol kinase gene disorders: a review. J Inherit Metab Dis 23:

529-547.
PI‘eV.iOUS. studies showed that there .was no gen()type'phen()type 2. Stanczak CM, Chen Z, Zhang YH, Nelson SF, McCabe ER (2007) Deletion mapping
correlation in GKD [1,11,12]. Our patient presented no symptoms, in Xp21 for patients with complex glycerol kinase deficiency using SNP mapping
excepting no weight gain. The probable causes may be as follow- arrays. Hum Mutat 28: 235-242.

ings: First, it may be related to age, just like the patient reported by
Hellerud et al. [10], the patient didn’t present symptoms at an early
age. Second, the patient may still have part of normal mRNA, so the
clinical symptom is mild. Third, it may be related to Nonsense Medi- 4. Sargent CA, Kidd A, Moore S, Dean J, Besley GT, et al. (2000) Five cases of isolated
ated Decay (NMD). Zhang et al., found that aberrant mRNA generat- glycerol kinase deficiency, including two families: failure to find genotype: pheno-
ed by splice site mutations of the GK gene can be eliminated by NMD type correlation. J Med Genet 37: 434-441.
in th mptomatic form of GKD [9]. In contr: her no NMD
. the asy dptO élt N 0 (()1 i }[19] 1(.:0 t ary, t e.e Wwasno N ! 5. Sjarif DR, Hellerud C, van Amstel JK, Kleijer WJ, Sperl W, et al. (2004) Glycerol
In our study, and reviewed the other split-site mutations 'p reviously kinase deficiency: residual activity explained by reduced transcription and enzyme
reported, no NMD was found too [4,5]. Fourth, some studies demon- conformation. Eur J Hum Genet 12: 424-432.
strated that glycerolutilization by the cells (especially, hepatocytes)
is rate-limited by the membrane permeation step, rather than the GK 6. Hellerud C, Wramner N, Erikson A, Johansson A, Samuelson G, et al. (2004) Glycer-
step [13-15]. AQP9, an aquaglyceroporin, has been reported to be o'l kinase deﬁglency: follow-up during 20 years, genetics, biochemistry and progno-

.. . . sis. Acta Paediatr 93: 911-921.
of great significance in glycerol membrane permeation step [13-15].
ExpreSSion OfAQP9 is influenced by gender and disease state. In hu- 7. Walker AP, Muscatelli F, Stafford AN, Chelly J, Dahl N, et al. (1996) Mutations and
man, despite exhibiting similar hepatic AQP9 protein, women man- phenotype in isolated glycerol kinase deficiency. Am J Hum Genet 58: 1205-1211.
ifest lower hepatocyte glycerol permeability compared to men [16]. ) ) _
In obese subjects with Non-Alcoholic Fatty Liver Disease (NAFLD), 8. Hell?r“d C, Burlina A, Gabelli C, Elhs IR, Nyholm PG, et al. (2003) Glycerol me-

. . tabolism and the determination of triglycerides--clinical, biochemical and molecular
the hepatic expression of AQP9 was decreased [16]. In the rodent, Lo . . )

. X K findings in six subjects. Clin Chem Lab Med 41: 46-55.

female rats have lower levels of hepatic AQP9 protein compared with
males in both fed and fasting conditions. The mice model of NAFLD, 9. Zhang YH, Huang BL, Jialal I, Northrup H, McCabe ER, et al. (2006) Asymptomatic
demonstrated decreased hepatocyte AQP9 and glycerol permeability isolated human glycerol kinase deficiency associated with splice-site mutations and
correlated with increased plasma glycerol [16], andAQP9‘/' mice ex- nonsense-mediated decay of mutant RNA. Pediatr Res 59: 590-592.
hibited a marked [nerease 1n plasma glycerol and triglyceride levels o\ 1o ¢ Adamowicz M. Jurkiewicz D, Taybert J, Kubalska J. et al. (2003) Clini-
c.ompared with AQP? ml(.:e.’ revealing a deﬁCI'ent glycerol metal?o' cal heterogeneity and molecular findings in five polish patients with glycerol kinase
lism [17]. Therefore, in addition to the GK mutation that causes a high deficiency: investigation of two splice site mutations with computerized splice junc-
serum triglyceride, the possible role of AQP9 needs to be emphasized, tion analysis and Xp21 gene-specific mRNA analysis. Mol Genet Metab 79: 149-159.
but this still needs to be further studied in GKD patients.

3. Sevim U, Fatma D, Thsan E, Gulay C, Nevin B (2011) A neonate with contiguous
deletion syndrome in XP21. J Pediatr Endocrinol Metab 24: 1095-1098.

11. Dipple KM, Zhang YH, Huang BL, McCabe LL, Dallongeville J, et al. (2001) Glyc-
Glycerol kinase deﬁciency has a Suspected risk for pancreati_ erol kinase deficiency: evidence for complexity in a single gene disorder. Hum Genet

tis and coronary heart disease, and there is no effective way to cure 109: 55-62.
C_}KD’ but there may b? some trf:qtment, SUCh as aggressive Therapeu- 12. Rahib L, MacLennan NK, Horvath S, Liao JC, Dipple KM (2007) Glycerol kinase
tic LlfeStyle and combination hpld'alterlng drUgv to reduce the serum deficiency alters expression of genes involved in lipid metabolism, carbohydrate me-
glycerol. tabolism, and insulin signaling. Eur ] Hum Genet 15: 646-657.
Conclusion 13. Calamita G, Gena P, Ferri D, Rosito A, Rojek A, et al. (2012) Biophysical assessment
. . . . . . of aquaporin-9 as principal facilitative pathway in mouse liver import of glucogenetic
We identified a novel splice-site mutation ¢.1340 -2 A>G in the GK glycerol. Biol Cell 104: 342-351.

J Hum Endocrinol ISSN: 2572-9640, Open Access Journal Volume 2 - 100011

DOI: 10.24966/HE-9640/100011



http://dx.doi.org/10.24966/HHE-9640/10008
http://doi.org/10.24966/HE-9640/100011
https://www.ncbi.nlm.nih.gov/pubmed/11032329
https://www.ncbi.nlm.nih.gov/pubmed/11032329
https://www.ncbi.nlm.nih.gov/pubmed/11032329
https://www.ncbi.nlm.nih.gov/pubmed/17089405
https://www.ncbi.nlm.nih.gov/pubmed/17089405
https://www.ncbi.nlm.nih.gov/pubmed/17089405
https://www.ncbi.nlm.nih.gov/pubmed/22308874
https://www.ncbi.nlm.nih.gov/pubmed/22308874
https://www.ncbi.nlm.nih.gov/pubmed/10851254
https://www.ncbi.nlm.nih.gov/pubmed/10851254
https://www.ncbi.nlm.nih.gov/pubmed/10851254
https://www.ncbi.nlm.nih.gov/pubmed/15026783
https://www.ncbi.nlm.nih.gov/pubmed/15026783
https://www.ncbi.nlm.nih.gov/pubmed/15026783
https://www.ncbi.nlm.nih.gov/pubmed/15303806
https://www.ncbi.nlm.nih.gov/pubmed/15303806
https://www.ncbi.nlm.nih.gov/pubmed/15303806
https://www.ncbi.nlm.nih.gov/pubmed/8651297
https://www.ncbi.nlm.nih.gov/pubmed/8651297
https://www.ncbi.nlm.nih.gov/pubmed/12636049
https://www.ncbi.nlm.nih.gov/pubmed/12636049
https://www.ncbi.nlm.nih.gov/pubmed/12636049
https://www.ncbi.nlm.nih.gov/pubmed/16549535
https://www.ncbi.nlm.nih.gov/pubmed/16549535
https://www.ncbi.nlm.nih.gov/pubmed/16549535
https://www.ncbi.nlm.nih.gov/pubmed/12855219
https://www.ncbi.nlm.nih.gov/pubmed/12855219
https://www.ncbi.nlm.nih.gov/pubmed/12855219
https://www.ncbi.nlm.nih.gov/pubmed/12855219
https://www.ncbi.nlm.nih.gov/pubmed/11479736
https://www.ncbi.nlm.nih.gov/pubmed/11479736
https://www.ncbi.nlm.nih.gov/pubmed/11479736
https://www.ncbi.nlm.nih.gov/pubmed/17406644
https://www.ncbi.nlm.nih.gov/pubmed/17406644
https://www.ncbi.nlm.nih.gov/pubmed/17406644
https://www.ncbi.nlm.nih.gov/pubmed/22316404
https://www.ncbi.nlm.nih.gov/pubmed/22316404
https://www.ncbi.nlm.nih.gov/pubmed/22316404

Citation: Zeng L, Mei L, Tan H, Li H, Lv W, et al. (2017) A Novel Splice-Site Mutation of the Gk Gene in a Chinese Patient with Isolate Glycerol Kinase Deficiency.
J Hum Endocrinol 2: 011.

e Page50f5 e

14. Li CC, Lin EC (1983) Glycerol transport and phosphorylation by rat hepatocytes. J  16. Rodriguez A, Marinelli RA, Tesse A, Friihbeck G, Calamita G (2015) Sexual Dimor-
Cell Physiol 117: 230-234. phism of Adipose and Hepatic Aquaglyceroporins in Health and Metabolic Disorders.

Front Endocrinol (Lausanne) 6: 171.
15. Rodriguez A, Catalan V, Gomez-Ambrosi J, Garcia-Navarro S, Rotellar F, et al.

(2011) Insulin- and leptin-mediated control of aquaglyceroporins in human adipo- 17. Rojek AM, Skowronski MT, Fiichtbauer EM, Fiichtbauer AC, Fenton RA, et al.
cytes and hepatocytes is mediated via the PI3K/Akt/mTOR signaling cascade. J Clin (2007) Defective glycerol metabolism in Aquaporin 9 (AQP9) knockout mice. Proc
Endocrinol Metab 96: 586-597. Natl Acad Sci U S A 104: 3609-3614.

J Hum Endocrinol ISSN: 2572-9640, Open Access Journal Volume 2 - 100011

DOI: 10.24966/HE-9640/100011


http://dx.doi.org/10.24966/HHE-9640/10008
http://doi.org/10.24966/HE-9640/100011
https://www.ncbi.nlm.nih.gov/pubmed/6313704
https://www.ncbi.nlm.nih.gov/pubmed/6313704
https://www.ncbi.nlm.nih.gov/pubmed/21289260
https://www.ncbi.nlm.nih.gov/pubmed/21289260
https://www.ncbi.nlm.nih.gov/pubmed/21289260
https://www.ncbi.nlm.nih.gov/pubmed/21289260
https://www.ncbi.nlm.nih.gov/pubmed/26594198
https://www.ncbi.nlm.nih.gov/pubmed/26594198
https://www.ncbi.nlm.nih.gov/pubmed/26594198
https://www.ncbi.nlm.nih.gov/pubmed/17360690
https://www.ncbi.nlm.nih.gov/pubmed/17360690
https://www.ncbi.nlm.nih.gov/pubmed/17360690

	_Hlk499037705
	_GoBack
	_Hlk499021641
	_GoBack
	_Hlk499402348
	_GoBack
	_GoBack

