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Local aldosterone system mediated “hyperglycaemic memory” in human mesangial cells
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[Abstract] Objective To investigate the effect of hyperglycaemic memory on the local aldosterone system, reactive
oxygen species (ROS) and expression of oncofetal fibronectin (oncofetal FN) mRNA in human mesangial cells (HMCs) ,and to
further understand the role of local aldosterone system in the process. Methods In this study HMCs were divided into the
following groups:normal glucose group (NG, 5 mmol/L D-glucose for 2 days) ,high glucose group (HG, 25 mmol/L D-glucose
for 2 days), memory group (M, 25 mmol/L D-glucose for 2 days—=5 mmol/L D-glucose for 4 days), memory+ eplerenone
group (MY, 25 mmol/L D-glucose for 2 days—5 mmol/L D-glucose+ 10 pmol/L eplerenone for 4 days) . normal glucose+
eplerenone group (NY, 5 mmol/L D-glucose for 2 days—5 mmol/L D-glucose +- 10 pmol/L eplerenone for 4 days), and
persistent normal glucose group (SN, 5 mmol/L D-glucose for 6 days). ROS levels were tested by fluorescence microscope and
fluorescence microplate reader. Aldosterone synthase (CYP11B2) protein expression was detected by Western blotting analysis.
The mRNA expressions of 113-hydroxysteroid dehydrogenase type 2, CYP11B2 and oncofetal FN were detected by RT-PCR.
The expression and translocation of mineralocorticoid receptor ( MR) was observed by laser scanning confocal microscope
(LSCM). Aldosterone level in cell culture supernatant was detected by radioimmunoassay. Results (1)CYP11B2 mRNA and
protein expression in group HG and in group M were all significantly increased, being 3. 45, 2. 09 and 3. 14, 2. 06 folds of those
in group NG, respectively (all P<C0. 05). The aldosterone levels in HMCs culture supernatant were significantly increased in
group HG and group M, being 2. 01 and 1. 81 folds of that in group NG, respectively (P<C0. 05). MR was activated and
translocated from the cytosol to the nucleus in group HG and group M. Quantitative analysis showed that the ratios of cytosol/

nucleus fluorescence intensity in group HG and group M were decreased by 30% and 21% compared with that in group NG,
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respectively (all P<C0. 05). (2)Oncofetal FN mRNA expression and ROS levels in group HG and group M were significantly
increased, being 2. 23, 1. 99 and 2. 16, 1. 90 folds those of group NG, respectively (all P<C0. 05). Oncofetal FN mRNA

expression and ROS levels in group MY were significantly decreased,being 35% and 51% of those in group M (all P<0. 05).

Conclusion
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HMCs have hyperglycaemic memory effect, which might be mediated by the local aldosterone system.

local aldosterone system;metabolic memory;high glucose;oncofetal fibronectin;reactive oxygen species
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Tab 1 Primer sequence for RT-PCR
Gene Scf‘/ucr/mc Size temge(;ljture
(5°-35) (bp) 0/C

118HSD2 TGACCAAACCAGGAGACATTAGCCG 491 60
GTGCTCGATGTAGTCCTTGCCGTAG

CYP11B2 AGCGAGTGTTGGGTCCTCTGCT 566 60
GAAAGCAACCTGCGGTCACAGG

Oncofetal FN  CCGCCATTAATGAGAGTGAT 133 55
AGTTAGTTGCGGCAGGAGAAG

f-actin CCATGTACGTTGCTATCCAGG 252 58

TCTCCTTAATGTCACGCACGA

FN: Fibronectin; 118HSD2: 11p-hydroxysteroid dehydrogenase type 2
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B1 &9EANREHM(HMCs)CYP11B2(A),
11BHSD2 mRNA(C) % CYP11B2 & H (B)&i&
Fig 1 Expression of CYP11B2(A),11pHSD2 mRNA(C) and
CYP11B2(B) protein in HMCs of various groups
M. Marker; 1: NG 2d; 2: HG 2 d; 3: HG2d>NG 2d; 4: HG 2
d—>NG 4 d; 5: HG 2 d>NG 6 d; 6;: NG 8 d. NG: Normal glucose;
HG . High glucose. HMCs: Human mesangial cells; 118HSD2. 118~

hydroxysteroid dehydrogenase type 2

EEHE B LWL R SR, HG 3% 2 d 5
CYP11B2 BE R K KT, i NG #3582 d 1Y
2. 095 (P<C0.05) . M MERE 3% 2 d J5 . FEIC ML I 26 2.,
4.6 K CYP11B2 A RILAKF408 NG K5 2 d
B 2.04.2.06,1. 59 f5(P ¥1<C0. 05, & 1. 2),%
W] CYP11B2 & 1 3R IM W AFAE 1L AL 300 .

K2 BHAANZEME(HMCs)RiE CYP11B2 mRNA & F B . 11pHSD2 mRNA , B El #7 7k £
Tab 2 Expression of CYP11B2 and 11HSD2 mRNA,CYP11B2 protein and aldosterone levels in HMCs of various groups

n=3, rts

Group CYP11B2 mRNA CYP11B2 protein 11pHSD2 mRNA pgAg)‘iSngg";‘ils

NG 2 d 0.22640. 021 0.147+0.015 0.41940.013 24,0004 3. 606
HG 2 d 0.780£0. 020" 0.307-0.016" 0.414+0. 011 48.20044. 729
HG 2 d>NG 2 d 0.778+0.019" 0.300+0.019" 0.437+0. 017 48.10042. 848"
HG 2 d—>NG 4 d 0.710+0. 028~ 0.303+0.017~ 0.423+0.018 43.443+2.739"
HG 2 d—>NG 6 d 0.525-+0. 046 0.233-+0.021" 0.41840.017 38,3332, 454"

NG 8 d 0.251+0.018 0.163-£0. 008 0.421-0. 008 24,933+ 1. 007

NG: Normal glucose; HG: High glucose; HMCs: Human mesangial cells; 118HSD2: 113-hydroxysteroid dehydrogenase type 2. * P<C0. 05

vs NG 2 d group
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Tab 3 Mean MR fluorescence intensity

in HMCs of various groups

n=3, ks

Group Cytosol Nucleus Cytosol/nucleus
NG 2 d 33.865+4.859 16.44242.930 2.069-0.155
HG 2 d 30.965+3.564 21.466+1.651 1.440-+0.063*
HG 2 d>NG 2d 31.86641.411 21.94641.870 1.452+0.078"*
HG 2 d>NG 4 d 31.85441.759 19.48241.701 1.635+0.054*
HG 2 d>NG 6d 31.81141.609 18.63240.768 1.708=+0.086*
NG 8 d 34,11743.932 14.81440.549 2.308=+0.316

NG: Normal glucose; HG: High glucose; MR:

* P<C0. 05 vs NG 2 d group

Mineralocorticoid

receptor; HMCs: Human mesangial cells.

HG2d—NG4d HG2d—NG6d

Bl 2 LSCM MZT&XHNZREMALMAE(HMCs) MR & B Rix

Fig 2 MR protein expression in HMCs of various groups under laser scanning confocal fluorescence microscopy

NG: Normal glucose; HG: High glucose; MR: Mineralocorticoid receptor; HMCs: Human mesangial cells. Original magnification; X800

NG group

SN group

.
P
‘ ..

3 BHHEANRBEMAE(HMCs)ROS K

Fig 3 Levels of reactive oxygen species in HMCs of various groups (fluorescence microscope)

NG: Normal glucose; NY: Normal glucose+teplerenone; HG: High glucose; M: Memory; MY: Memory+ eplerenone; SN: Stable normal glu-

cose; HMCs: Human mesangial cells. Original magnification: X200

2.6 ZHFEIE LA HMCs & 1% oncofetal FN mRNA

Wk BAR LA BRI AE R RT-PCR Kl 45 R &
NS A T Bractin NS AR 8 BEAHRL, NG 4 NY

2 oncofetal FN H LW E T, WHEIR. M 4
oncofetal FN H 7 454 fx 3¢, MY 4 oncofetal FN
B M AR IR (1 4) . Quantity One 31453 B 45
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WERIL,HG HF M 4 oncofetal FN mRNA F ik
L4 NG i 2. 23,2, 16 £ (P ¥<C0. 05),
MY £ oncofetal FN mRNA F£iki M 4 F i, &
MABEAE 51% (P<C0. 05, % 4), 2 B & % 1
HMCs oncofetal FN mRNA A3k , #  1F #5757
4 d J& oncofetal FN mRNA 7K A5 5 X BE 4 Sy 5,
T A 38 1 Il 7T 41 41 1 R

*4 BHANZRBEHME(HMCs) oncofetal FN mRNA
FiZR ROS K FI{L
Tab 4 Expression of oncofetal FN mRNA and
ROS level in HMCs of various groups

n=3, r+ts
Group oncofetal FN mRNA ROS
NG 0.24840.010 102. 477+5.299
NY 0.25540. 006 106. 923 +4. 546
HG 0.55440. 048" 203.977+8.793*
M 0.53540.038" 194.849+10. 140~
MY 0.26240. 0094 127.513+6. 4052
SN 0.24240.014 100. 658+4. 429

NG: Normal glucose; NY: Normal glucose + eplerenone; HG:
High glucose; M: Memory; MY: Memory+ eplerenone; SN Stable
normal glucose; FN: Fibronectin; ROS: Reactive oxygen species;
HMCs: Human mesangial cells. * P<C0. 05 vs NG group; &P <C
0.05 vs M group
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B 4 &5HEANREME(HMCs) % AR 2
FHZEEZE A (FN) mRNA £ix
Fig 4 Expression of oncofetal FN mRNA

in HMCs of various groups
M. Marker; 1: Normal glucose; 2: Normal glucose+eplerenone; 3.
High glucose; 4: Memory; 5: Memory—+eplerenone; 6: Stable nor-

mal glucose. HMCs: Human mesangial cells
3 ®
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