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ABSTRACT. Early rehabilitative therapy is important for patients 
with hypertensive cerebral hemorrhage to improve long-term function 
of the extremities. Vascular endothelial growth factor (VEGF) is 
closely associated with the pathogenesis of hypertension. To identify 
the markers contributing to the genetic susceptibility to hypertensive 
cerebellar hemorrhage (HCH) and rehabilitative treatment, we examined 
the potential association between HCH and 12 single nucleotide 
polymorphisms of the VEGF gene. Participants included 244 patients 
with HCH and 251 healthy controls from our rehabilitation department. 
The T allelic frequencies of the rs3025020 (intron 6) and rs3025039 
(3'-UTR) polymorphisms were significantly higher in the patients with 
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HCH than in the healthy controls (rs3025020 T allele: P = 0.0002, OR 
= 1.619, 95%CI = 1.256-2.088; rs3025039 T allele: P = 0.001, OR 
= 1.682, 95%CI = 1.246-2.270). Strong linkage disequilibrium was 
observed in three blocks (D' > 0.9), and significantly more C-G-C 
(rs3025020, rs3025030, and rs3025039) haplotypes (P = 0.001) were 
found in the controls in block 3. Significantly more T-G-C haplotypes 
were found in the patients with HCH (P = 0.046). Further genotype 
and clinical phenotype correlation study of the rs3025039 carriers 
showed that Fugl-Meyer and Barthel index scores were lower in the 
patients with the TT genotype relative to CT + CC genotypes (P < 0.01). 
These findings point to a role for VEGF polymorphism in HCH, and 
may be informative for future investigations on the pathogenesis of 
rehabilitative treatment.
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INTRODUCTION

Hypertensive cerebral hemorrhage (HCH) is one of the most serious complications in 
hypertension. The onset of HCH is rapid, and its recovery is very slow, resulting in high mor-
tality and disability rates. Early rehabilitative therapy is important for the patients with HCH 
to improve long-term function of the extremities. This early intervention can prevent a series 
of complications such as bedsores, respiratory and urinary infections, deep phlebitis, and joint 
contracture and deformity. It can also reduce the incidence and development of spastic paraly-
sis, a classic sequelae in hemiplegia, in the flexors of upper extremities, and in the extensors of 
lower extremities. Furthermore, it helps maintain the range of motion in the joint, and recover 
the limb function.

Vascular endothelial growth factor (VEGF), a specific mitogen and survival factor for 
endothelial cells, is a crucial promoter of angiogenesis in physiological and pathological con-
ditions (Ferrara and Davis-Smyth, 1997). It is generally accepted that VEGF is a hypotensive 
mediator (Rini et al., 2011). When blood pressure is elevated, VEGF is expressed to antago-
nize this elevation (Schrijvers et al., 2004; Advani et al., 2007). VEGF has been reported to be 
a predictive marker of the hypertension response to target therapy with drugs such as sunitinib, 
sorafenib, and bevacizumab (Dahlberg et al., 2010; Jain et al., 2010; De Stefano et al., 2011; 
Rini et al., 2011). Hypertension is an important risk factor for atherosclerotic disorders, and 
may be a consequence of structural alterations in the microvascular network, resulting partly 
from abnormal regulation of VEGF (Celletti et al., 2001; Loomans et al., 2004). Belgore et al. 
(2001) demonstrated that plasma VEGF-A levels were significantly raised compared with nor-
motensive controls, but significantly reduced after the treatment of hypertension. Collectively, 
these data suggest that the VEGF gene is an excellent target for the treatment of hypertension.

Human VEGF, located on the chromosome 6, has 8 exons and 7 introns, and is typical-
ly expressed as a 46-kDa homodimer. A number of single nucleotide polymorphisms (SNPs) 
have been found in VEGF, including rs699947 and rs1570360 in the promoter (Brogan et al., 
1999), rs3025020 in intron 6 (Blumberg et al., 2008), rs2010963 in the 5'-untranslated region 
(5'-UTR) (Lee et al., 2010), and rs3025039 in the 3'-UTR (Renner et al., 2000). All of these 
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SNPs have been reported to be associated with VEGF protein expression. It has been reported 
that rs2010963 was associated with hypertension (Hamedian et al., 2012), whereas rs699947 
C/C genotype was associated with a lower incidence of grade 3 or 4 hypertension (Schneider 
et al., 2008). However, only a few loci (1-4 SNPs) were analyzed in these studies, resulting in 
significant discrepancies between the studies. A limited number of SNPs could not effectively 
capture the true causative SNPs in the VEGF gene due to the weak linkage disequilibrium be-
tween them. Thus, more SNPs should be investigated to effectively capture the true causative 
SNPs in the VEGF gene. Furthermore, to our knowledge, the association of VEGF polymor-
phisms with HCH and rehabilitative treatment has not been examined.

In this study, to examine the association of VEGF polymorphisms with HCH and rehabil-
itative treatment, we examined the potential association between HCH and 12 SNPs (rs699947, 
rs1570360, rs2010963, rs833069, rs3024997, rs30249998, rs3025000, rs3025006, rs3025010, 
rs3025020, rs3025030, and rs3025039) of the VEGF gene using the MassARRAY system.

SUBJECTS AND METHODS

Subjects

This case-control study enrolled 244 unrelated subjects with HCH (mean ± SD age: 
62 ± 5.61 years). The patients were hospitalized in our rehabilitation department between 
May 2008 and July 2014. All patients underwent standard neurological and clinical examina-
tions, as well as routine laboratory tests. The diagnosis of HCH was performed by computed 
tomography (CT). Some patients underwent CT angiography or magnetic resonance imaging 
to exclude aneurysm rupture, cavernous angioma, arteriovenous malformation, tumor, or hem-
orrhagic infarction.

The control group consisted of 251 unrelated healthy subjects (mean ± SD age: 61.6 
± 6.5 years) who underwent health examinations in the Medical Examination Center of the 
First Affiliated Hospital of the Xinxiang Medical College (Xinxiang, China). All participants 
were from a non-genetically related Chinese Han population in He’nan Province (China). The 
study was performed according to the Guidelines of the Medical Ethics Committee of Xinx-
iang Medical College (Xinxiang, China). Written informed consent was obtained from all the 
participants recruited in this study.

Treatment

The groups of patients received conventional medications after surgery. Forty-eight 
hours after the vital signs were stabilized and no neurological symptoms progressed, the pa-
tients in the observation group received the post-operative rehabilitative therapy, including 
early passive exercise in bed. The therapy used the Bobath concepts as its core, and was 
gradually performed according to the staging of the Bobath therapy and disorders of cerebral 
hemorrhage. The therapy included correct position in bed (correct limb position), in-bed exer-
cise, sit-stand training, balancing exercise in sitting position, balancing exercised in standing 
position, walking exercise, language exercise, and self-care ability exercise. Four weeks after 
the therapy, the evaluation was performed using the Fugl-Meyer scoring method (physical 
functions) and the Barthel index scoring method (self-care ability).
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Evaluation criteria

A motor score <50 points indicated severe motor disorder; 50-84 points motor disor-
der; 85-95 points moderate motor disorder, 96-99 points mild motor disorder, and 100 points 
normal motor functions. We also used muscular strength to evaluate the subjects. The evalu-
ation criteria were described as follows: fundamental recovery: general restoration of motor 
functions of the limbs, the upper limbs were able to perform delicate movements, and the 
lower limbs were capable of walking; significant response: the paralyzed limbs were signifi-
cantly improved, with muscular strength improved to grade II or above; moderate response: 
paralyzed limbs were moderately improved, and muscular strength was improved to grade 
I-II; no response: no significant change in muscular strength after treatment. Criteria for ef-
ficacy evaluation in aphasia: excellent efficacy was defined as being able to communicate in 
language, with clear articulation that was as good as that before disease onset; good efficacy 
was defined as being able to have simple conversations, with clear articulation, and words 
were in logical order; moderate efficacy was defined as being unable to communicate effec-
tively but being able to pronounce single words; poor efficacy was defined as being unable to 
pronounce words even after the training mentioned above.

Genotyping

Three to five milliliters of peripheral blood was collected in tubes coated with EDTA. 
Genomic DNA was extracted from the leukocytes in the blood using the EZNATM Blood DNA 
Midi Kit (Omega Bio-Tek, Norcross, GA, USA), according to the manufacturer protocol. 
Primers for PCR and single-base extension were designed by using the Assay Designer 
software package (Sequenom Inc., San Diego, CA, USA). SNP genotyping was performed 
by Shanghai Benegene Biotechnology Co., Ltd. (Shanghai, China) using the MassARRAY 
system (Sequenom) by means of matrix-assisted laser desorption ionization-time of flight 
mass spectrometry method (MALDI-TOF) according to manufacturer instructions. The 
completed genotyping reactions were spotted onto a 384-well spectroCHIP (Sequenom) using 
the MassARRAY Nanodispenser (Sequenom) and determined by MALDI-TOF. Genotype 
calling was performed in real-time with the MassARRAY RT software version 3.0.0.4 and 
analyzed using the MassARRAY Typer software version 3.4 (Sequenom).

Statistical analysis

All statistical analyses were carried out using the SPSS 16.0 software (SPSS Inc., 
Chicago, IL, USA). Hardy-Weinberg equilibrium and associations between the case-control 
status and each polymorphism were assessed by the Pearson chi-square test. Bonferroni’s 
correction was used to adjust the test level when multiple comparisons were conducted, and 
the P value was divided by the total number of loci. Pairwise linkage disequilibrium statis-
tics (D' and r2) and haplotype frequencies were computed using Haploview 4.0 to construct 
haplotype blocks. Haplotype blocks were defined according to the ‘solid spine of linkage 
disequilibrium (LD)’ approach. Haplotypes with a frequency of less than 5% were excluded. 
The frequency of all haplotypes was compared between the case and control participants us-
ing the Pearson χ2 test.
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RESULTS

There was no significant deviation from Hardy-Weinberg equilibrium for any 
SNP in patients with HCH and the healthy controls. The genotype distributions, allelic 
frequencies, and haplotypes in patients with HCH and the healthy controls are shown 
in Tables 1-4. The Fugl-Meyer and Barthel index scores after treatment by VEGF gene 
rs3025020 and rs3025039 were shown in Table 5. LD analyses revealed 3 haplotypes 
in controls, and also showed that 3 SNPs (rs699947, rs1570360, and rs2010963) were 
located in block 1, 6 SNPs (rs833069, rs3024997, rs30249998, rs3025000, rs3025006, and 
rs3025010) were located in block 2, and 3 SNPs (rs3025020, rs3025030, and rs3025039) 
were located in block 3 (Figure 1).

Variable Location Group  Genotype [N (%)]                     Allele [N (%)]  Pa Pb OR (95%CI)

rs699947 5'-UTR  AA AC CC A C   
  Control   8 (3.2)   86 (34.3) 157 (62.5) 102 (20.3) 400 (79.7) 0.123 0.050 0.741 (0.550-0.997)
  Cases 14 (5.7)   97 (39.8) 133 (54.5) 125 (25.6) 363 (74.4)   
rs1570360 5'-UTR  GG GA AA G A   
  Control 155 (61.8)   85 (33.9) 11 (4.4) 395 (78.7) 107 (21.3) 0.239 0.095 1.285 (0.957-1.725)
  Cases 133 (54.5)   96 (39.3) 15 (6.1) 362 (74.2) 126 (25.8)   
rs2010963 5'-UTR  GG GC CC G C   
  Control   77 (30.7) 138 (55.0)   36 (14.3) 292 (58.2) 210 (41.8) 0.845 0.993 1.001 (0.778-1.289)
  Cases   78 (32.0) 128 (52.5)   38 (15.6) 284 (58.2) 204 (41.8)   
rs833069 Intron 2  GG GA AA G A   
  Control   41 (16.3) 138 (55.0)   72 (28.7) 220 (43.8) 282 (56.2) 0.564 0.327 1.133 (0.882-1.456)
  Cases   48 (19.7) 133 (54.5)   63 (25.8) 229 (46.9) 259 (53.1)   
rs3024997 Intron 2  GG GA AA G A   
  Control   83 (33.1) 132 (52.6)   36 (14.3) 298 (59.4) 204 (40.6) 0.793 0.661 1.058 (0.822-1.363)
  Cases   74 (30.3) 135 (55.3)   35 (14.3) 283 (58.0) 205 (42.0)   
rs3024998 Intron 3  CC CT TT C T   
  Control   83 (33.1) 131 (52.2)   37 (14.7) 297 (59.2) 205 (40.8) 0.529 0.985 0.998 (0.774-1.285)
  Cases   75 (30.7) 139 (57.0)   30 (12.3) 289 (59.2) 199 (40.8)   
rs3025000 Intron 3  CC CT TT C T   
  Control   79 (31.5) 134 (53.4)   38 (15.1) 292 (58.2) 210 (41.8) 0.262 0.320 1.138 (0.882-1.467)
  Cases   80 (32.8) 139 (57.0)   25 (10.2) 299 (61.3) 189 (38.7)   
rs3025006 Intron 5  CC CT TT C T   
  Control   49 (19.5) 132 (52.6)   70 (27.9) 230 (45.8) 272 (54.2) 0.449 0.352 1.126 (0.877-1.445)
  Cases   50 (20.5) 138 (56.6)   56 (23.0) 238 (48.8) 250 (51.2)   
rs3025010 Intron 5  CC CT TT C T   
  Control 10 (4.0)   81 (32.3) 160 (63.7) 101 (20.1) 401 (79.9) 0.615 0.485 1.115 (0.821-1.514)
  Cases   9 (3.7)   89 (36.5) 146 (59.8) 107 (21.9) 381 (78.1)   
rs3025020 Intron 6  CC CT TT C T   
  Control 103 (41.0) 113 (45.0)   35 (13.9) 319 (63.5) 183 (36.5) 0.001   0.0002 1.619 (1.256-2.088)
  Cases   75 (30.7) 103 (42.2)   66 (27.0) 253 (51.8) 235 (48.2)   
rs3025030 Intron 7  GG GC CC G C   
  Control 170 (67.7)   69 (27.5) 12 (4.8) 409 (81.5)   93 (18.5) 0.423 0.272 1.191 (0.871-1.628)
  Cases 152 (62.3)   80 (32.8) 12 (4.9) 384 (78.7) 104 (21.3)   
rs3025039 3'-UTR  CC CT TT C T   
  Control 170 (67.7)   69 (27.5) 12 (4.8) 409 (81.5)   93 (18.5) 0.005 0.001 1.682 (1.246-2.270)
  Cases 137 (56.1)   79 (32.4)   28 (11.5) 353 (72.3) 135 (27.7)
aP values for genotype frequency difference. bP values for allele frequency difference.

Table 1. Genotype and allele frequencies of the VEGF gene polymorphisms in cases and controls and the results 
of their associations with the risk of HCH.
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Haplotypea Cases [N (%)] Controls [N (%)]                                         Statistics

   χ2 P OR 95%CI

C-G-C 89 (36.5) 105 (41.8) 1.490 0.222 0.798 0.556-1.146
C-G-G 83 (34.0)   92 (36.7) 0.376 0.540 0.891 0.616-1.288
A-A-G 51 (20.9)   50 (19.9) 0.073 0.787 1.062 0.686-1.645

Table 2. VEGF haplotype in block 1 frequencies and the results of their associations with risk of HCH.

aHaplotypes with frequency <0.05 were excluded.

Haplotypea Cases [N (%)] Controls [N (%)]                                        Statistics

   χ2 P OR 95%CI

G-A-T-T-T-T 90 (36.9)   93 (37.0) 0.001 0.969 0.993 0.689-1.430
A-G-C-C-C-T 56 (23.0)   60 (23.9) 0.063 0.802 0.948 0.625-1.438
A-G-C-C-C-C 46 (18.9)   49 (19.5) 0.036 0.850 0.958 0.612-1.498
A-G-C-C-T-T 25 (10.2) 25 (9.9) 0.036 0.850 0.958 0.612-1.498

Table 3. VEGF haplotype in block 2 frequencies and the results of their associations with risk of HCH.

aHaplotypes with frequency <0.05 were excluded.

Haplotypea Cases [N (%)] Controls [N (%)]                                        Statistics

   χ2 P OR 95%CI

C-G-C   76 (31.1) 113 (45.0) 10.088 0.001 0.552 0.382-0.798
C-C-T   35 (14.3)   46 (18.3)   1.434 0.231 0.746 0.462-1.206
T-G-C 110 (45.1)   91 (36.3)   3.997 0.046 1.443 1.007-2.069
aHaplotypes with frequency <0.05 were excluded.

Table 4. VEGF haplotype in block 3 frequencies and the results of their associations with risk of HCH.

Variable Genotype Fugl-Meyer score Barthel score

rs3025020 TT 34.6 ± 5.2 34.8 ± 4.2
 CT+CC 33.6 ± 6.1 35.2 ± 6.1
rs3025039 TT 58.5 ± 5.2 62.3 ± 4.7
 CT+CC   64.6 ± 6.6*   70.5 ± 5.2*

*Associated with TT of rs3025020 and rs3025039, P < 0.01.

Table 5. Fugl-Meyer and Barthel index scores after treatment with VEGF genes 3025020 and rs3025039.

The results revealed a significant association between the rs3025020 genotype distri-
bution and patients with HCH (P = 0.001, after Bonferroni’s corrections). The patients with 
HCH had a significantly higher frequency of the T allele (P = 0.0002, OR = 1.619, 95%CI = 
1.256-2.088). Compared with the healthy controls, the CC homozygotes of rs3025039 were 
significantly overrepresented in the patients with HCH (P = 0.005). The patients with HCH 
had a significantly higher frequency of the rs3025039 T allele (P = 0.001, OR = 1.682, 95%CI 
= 1.246-2.270).

In block 3, significantly more C-G-C (rs3025020, rs3025030, and rs3025039) haplo-
types (P = 0.001) were found in the controls. Moreover, significantly more T-G-C haplotypes 
(P = 0.046) were found in the patients with HCH as compared to the controls.
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Further genotype and clinical phenotype correlations of the rs3025039 carriers showed 
that Fugl-Meyer and Barthel index scores were lower in the patients with the TT genotype 
relative to CT + CC genotypes (P < 0.01).

DISCUSSION

HCH is a very complex disease. Its progression is multifactorial and thus influenced 
by genetic and environmental factors. In this study, we examined VEGF as a potential disease 
susceptibility marker for HCH, as well as a rehabilitative treatment in a Chinese Han popula-
tion. Our results provide direct evidence that VEGF polymorphisms are linked to HCH and 
rehabilitative treatment, and extend the list of variants that may affect the development of 
HCH (Schneider et al., 2008; Hamedian et al., 2012).

We showed here in a cohort of the Chinese Han population that VEGF polymorphisms 
appear to be relevant to HCH. In particular, the frequency of the T allele (rs3025020) is signifi-
cantly higher in the HCH subjects relative to controls. Interestingly, Fugl-Meyer and Barthel 
index scores were lower in the patients with the TT genotype relative to CT + CC genotypes. 
Consistently, previous studies have shown that the VEGF 3'-UTR polymorphism (rs3025039) 
is associated with other polymorphisms (Ungerback et al., 2009; Etienne-Grimaldi et al., 
2011). For VEGF rs3025039, an association between the C allele and higher VEGF plasma 
levels has been found in healthy subjects (Renner et al., 2000). The association of the VEGF 
rs3025039 TT genotype with higher hypertension is consistent with the notion that SNPs as-

Figure 1. LD plot of the 12 SNPs in the VEGF gene. Values in squares are the pairwise calculation of r2. Black 
squares indicate r2 = 1 (i.e., perfect LD between a pair of SNPs). Empty squares indicate D' = 1 (i.e., complete LD 
between a pair of SNPs).
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sociated with lower VEGF levels are related to a higher hypertension (Morita et al., 2013). 
The patients with less plasma VEGF levels may be at higher risk for bevacizumab-related hy-
pertension. This notion is consistent with the view that the binding of VEGF to VEGFR leads 
to vasodilatation and reduced blood pressure (Facemire et al., 2009; Jubb and Harris, 2010).

The most significant issue with HCH lies in its high disability rate, which is an im-
portant factor that affects the patients’ quality of life. With motor and linguistic disorders, the 
patients will experience significant deterioration in quality of life, which burdens the patients, 
their family, and society. Our experience has demonstrated that early-implemented rehabilita-
tive training produces significant efficacy in improving motor functions of affected limbs and 
promoting restoration of linguistic functions. Our results indicated that Fugl-Meyer and Bar-
thel index scores were lower in the patients with the rs3025039 TT genotype relative to CT + 
CC genotypes. The patients with HCH will be benefited from rehabilitative therapies (includ-
ing acupuncture, physical therapy, hyperbaric oxygen therapy, and linguistic communication).

There was a significant between-group difference in the genotype distribution of 
rs3025020. Specifically, HCH subjects had a significantly higher frequency of the T allele of 
rs3025020. To our knowledge, our study is the first study to identify a significant association 
between rs3025020 in the intron 6 region of the VEGF gene and HCH.

We further investigated the interaction among polymorphisms and observed strong 
LD. The haplotype analysis revealed that significantly more T-G-C haplotypes were found in 
the patients with HCH. These results indicated that the patients with T-G-C (block 3) haplo-
types of the VEGF gene were more prone to HCH. Moreover, significantly more C-G-C haplo-
types were detected in the healthy controls than in the patients with HCH, suggesting that they 
may show protective effects against HCH. To some extent, this finding further supports a role 
of VEGF polymorphisms in HCH, while an ethnic group difference may exist.

In conclusion, our study suggests a potential role of the VEGF SNPs and their related 
haplotypes in the genetic susceptibility to HCH and rehabilitative treatment. Further studies 
are needed to investigate how these SNPs affect the function of VEGF. A broader examination 
of the genetic variation in VEGF in the Chinese Han population may reveal other variants as-
sociated with disease risk.
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