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a-Klotho is an acute phase protein and altered by
restraint stress in mice
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Abstract: Objective: To identify whether a-Klotho is a kind of acute phase protein and alternation in the level of pro-
tein and mMRNA under restraint stress. Method: 48 mice were divided into three groups of 16: 1h, 10h and 20h treat
time group. Each group included restraint stress and control subgroup with same number animals (n = 8). ELISA
was utilized in the assay of serum a-Klotho and corticosterone, RT-PCR was occupied in the detection of the expres-
sion of a-Klotho mRNA in renal tissue. Result: a-Klotho protein concentration of control group 1h, 10h and 20h was
757.71 + 333.93 pg/ml, 687.38 + 342.79 pg/ml and 912.90 + 337.8 pg/ml, respectively. While the concentration
of restraint stress group 1h, 10h and 20h was 726.40 + 342.79 pg/ml, 1261.54 + 442.71 pg/ml, and 1696.18 +
404.11 pg/ml. There was no significant difference among 1h, 10h and 20h control groups (P > 0.05) as well as 1h
treat time subgroup. Compared with respective control group, the difference of restraint stress group in 10h and
20h treat time group was significant (P < 0.05). The expression of a-Klotho mMRNA was slightly downregulated even
when the mice underwent a 1 hour restraint stress, though without significance (p > 0.05). Prominent fold change,
2.02 and 2.46, happened in 10h and 20h restraint group with significance (P < 0.05 and P < 0.01), respectively.
Conclusion: a-Klotho is a kind of acute phase protein. The serum a-Klotho protein is promoted while the a-Klotho
mMRNA is downregulated under the constraint stress.
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Introduction to neutralize the adverse change in internal
environment. But for the a-Klotho deficiency

o-Klotho was identified as an anti-aging gene in mouse, lack of this benignant effect to alleviate

1997 [1]. From then on, lots of researches have the deadly change, then the mice died because

been done to clarify its function. Now it is gen- of sick sinus syndrome [5, 6]. So the prerequi-

erally known that membrane a-Klotho protein site of the hypothesis is that stress changes the

is a coreceptor of FGF23 and the other type, concentration of soluble or membrane a-Klotho

soluble a-Klotho independent of FGF23 consid- at the level of protein or mMRNA under restraint

ered as an endocrine hormone [2, 3]. On the stress. This study is to identify whether a-Klotho

year 2004, Takeshita etc conducted a research alters under the restraint stress.

on the a-Klotho knockout mouse with restraint

stress. The result shows that a-Klotho is indis- Materials and methods

pensible for the normal function of sinoatrial

node because of the reality that o-Klotho All animal experiments were conducted accord-

knockout mouse died of sinus block or arrest ing to the guidelines of the Chinese law for the

[4]. Nevertheless, the mechanism underlying welfare of animals and were approved by local

remains unclear up to now. On the basis of that authorities.

study, we reckon that, for the wild type mouse,

it is the stress that alters the concentration of Animals and tissue sampling

soluble or membrane o-Klotho, then with the

change of a-Klotho, a waterfall alternation hap- The experiment was conducted on 48 Five-

pened in the downstream signal transduction week-old male C57BL6/J mice (~17 g, provided
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Figure 1. Concentration of corticosterone in different treat

time groups. *p < 0.05 vs. control in each group.
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Figure 2. Concentration of a-klotho in different groups. *p <
0.05 vs. control in the group. "p < 0.05 vs. 1h restraint stress

group. #p > 0.05 vs. 1h control group.

by animal center of Xi'an Jiaotong University,
Xi'an, China). The mice were randomly divided
into six groups and housed in a group of 8 in a
well air-conditioned room (16 + 1°C, 55 + 5%
humidity) under a 12-h light/12-h dark cycle,
with the light on from 07:00 to 19:00. The mice
were given food and water ad libitum. All the
mice were acclimated for 1 week before initia-
tion of restraint stress at six weeks (~20 g).
During the restraint period (20h group: from
noon on the first day to 8 AM on the second
day; 10h group: from 8 AM to 6 PM; 1h group:
from noon to 1 PM), all the mice were away
from water and food.

Right after the restraint stress, blood plasm
samples were collected from the supra orbital
veins within 2 minutes and then centrifuged
(Eppendorf 5415R centrifuge, NY, U.S.A) with
1500 g at 4°C for 15 minutes. At last the super-
natant was collected and stored at -20°C for
later use.

Immediately, after the blood sampling, the ani-
mals were Kkilled by exsanguination under
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W restraint stress

anaesthesia, then both of the two kidney
were excised and washed by normal saline
before snapp frozen in liquid nitrogen and
storing at -80°C for subsequent analysis.

Restraint stress

All the mice were secured in well-ventilat-
ed, horizontal, 50-mL conical centrifuge
tubes away from food and water [7].

Quantitative RT-PCR

Total RNA was isolated from mouse kidney
by wusing the RNAiso plus (Takara
Biotechnology, Dalian, China). Reverse
transcription of 0.8 ug RNA was performed
using Prime Script TM RT reagent Kit with
¢DNA Eraser (Takara Biotechnology,
Dalian, China). The cDNA fragment con-
tains the internal splicing site in exon 3 of
the kl gene. To determine Klotho mRNA
transcript levels, quantitative real-time
PCR with the BioRad iCycler iQ5TM Real-
Time PCR Detection System (Bio-Rad
Laboratories, Hercules, CA) was applied
using the following primers: a-Klotho prim-
erl: 5-CGCAAAGTGCTCAACTGGCTAA-3;;
a-Klotho primer2: 5-AAGGTTGATGTCGT-
CCAACACGTA-3'. Gapdh primerl: 5-TGT-
GTCCGTCGTGGATCTGA-3’; Gapdh primer2: 5-
TTGCTGTTGAAGTCGCAGGAG-3'.

PCR reactions were performed in a final volume
of 25 ul containing: 2 ul cDNA, 0.4 mM of each
primer, 10 ul SYBR Premix Ex TaqTM Il (Tli
RNaseH Plus) (Takara Biotechnology, Dalian,
China) and sterile water up to 25 pl. gPCR con-
ditions were 95°C for 30 s, followed by 40
cycles of 95°C for 5 s and 60°C for 30 s. The
specificity of the PCR products was confirmed
by analysis of a melting curve and in addition
with a 4% agarose gel. Calculated mRNA
expression levels were normalized to the
expression levels of GAPDH of the same cDNA
sample. Relative quantification of gene expres-
sion was performed using the delta delta CT
method.

Serum a-Klotho and corticosterone determina-
tion

Serum Klotho and corticosterone level was

determined with the enzyme-linked immune-
sorbent assay kit (USCN, Wuhan, China). The
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Table 1. The expression of a-Klotho mRNA in different groups

ticosterone in Mice, con-

ACT, ACT, AACT

Expression decreased in
EOUP (1.GAPDH)  (kI>GAPDH) (ACT,-ACT,) restraint stress group (folds)

trol group was set. The
distinguishing experimen-

1h 4.91+0.38 4.74 +0.50 0.17
10h  6.58 £0.20 5.77 £0.30 1.01
20h  6.59+0.59 5.29+0.36 1.30

113 tal conditions between
202 restraint and control

246 group was just restraint

GAPDH served as the loading control and the relative cycle of threshold (ACt) in the
restraint stress group (kl?) and control group (kI°) were obtained respectively. The
relative expressions between restraint stress and control group were calculated by the
comparative Ct (AACt) method, and then, the relative expression levels (224 were
calculated. AACt = ACt (kI>-GAPDH)-ACt (kI>-GAPDH). ACt results are the Mean + SE.

optical density was measured with spectro-
photometer (FLUOstar OPTIMA, Offenburg,
Germany) at a wavelength of 450 nm + 10 nm.
The concentration of Klotho and corticosterone
in the samples was then determined by com-
paring the O.D. of the samples with the stan-
dard curve.

Statistical analysis

Statistical analysis was computed with SPSS
for Windows Release 19.0 (SPSS, Chicago, IL).
The mRNA levels presented in this article are
the mean * SE unless otherwise specified.
Statistical significance was evaluated by stu-
dent’s t-test and ANOVA when appropriate. We
repeated the experiments three times before
taking an average Ct, and then calculated the
target gene expression relative to the GAPDH
gene by calculating the difference between the
Ct of the target gene and the Ct of the house-
keeping gene. 224 formula was used in calcu-
lating relative expression. A probability value P
< 0.05 was considered statistically significant.

Results

To determine the effect of stress on the serum
a-Klotho protein and alternations happened at
the gene level, we use a typical stress model-
restraint stress, which is a kind of most com-
monly used neural stimulation and pure frus-
tration stress model [8].

To evaluate the stress model, corticosterone
which is the primary stress hormone in rodents
[9], was measured in both restraint stress and
control group. Comparing with controls, if there
is a two to three fold change happens then the
model is meeting the requirements [10]. The
following Figure 1 is the concentration of corti-
costerone in each group, respectively. To get rid
of the effect of Circadian Rhythm of Cor-
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stress. Though the con-
centration of each group
is lower than the existing
study [11], the fold change
is significant. Concentra-
tion of all the restraint
stress groups (1h, 10h and 20h) was 2.03,
2.52, and 2.34 times compared with its control
group (p < 0.05), respectively.

Restraint stress increases the serum o-Klotho
protein

Based on the estimate of animal model, serum
a-Klotho protein was measured with the same
mice blood samples. There remains no consoli-
dated point of view on the concentration of
serum a-Klotho protein, as different study has
different data [12]. Partial data in our study is
accordance with the existing literature 10~50
Nm [13]. a-Klotho concentration of control
group 1h, 10h and 20h was 757.71 + 333.93
pg/ml, 687.38 + 342.79 pg/ml and 912.90 +
337.8 pg/ml, respectively. While the concentra-
tion of restraint stress group 1h, 10h and 20h
was 726.40 + 34279 pg/ml, 1261.54 +
44271 pg/ml, and 1696.18 + 404.11 pg/ml.
There was no significant difference among 1h,
10h and 20h control groups, though the con-
centration of 20h group was little higher than
the other two. There was no statistic difference
between 1h restraint stress and control group,
while it is not the case in the other two groups
(10h and 20h). Compared with the 1h restraint
stress group, striking significant difference has
been shown in Figure 2.

a-Klotho mRNA is downregulated by the re-
straint stress

As is shown in the Table 1 and Figure 3, the
expression of a-Klotho mRNA is slightly down-
regulated even when the mice undergo a 1
hourrestraint stress, though without signifi-
cance (p > 0.05). Prominent fold changes, 2.02
and 2.46, happen in 10h and 20h restraint
group, respectively. The specificity of the PCR
amplification product verified by 4% agarose
gel, the results are shown in Figure 4.
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treat time

Oh 1h 10h 20h

Fold change

(restraint stress group/control )
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Figure 3. Expression of a-klotho mRNA in different treat time
groups determined by gRT-PCR. The y-axis represents the rela-
tive mRNA expression level. The average value of mRNA exo-
ression in control group is designated -1 (O h), and the level
of mMRNA expression in restraint stress group is calibrated to
obtain the folds change. #p > 0.05 vs. Oh group: *p < 0.01 vs.
0 h group.
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Figure 4. Identification of the amplication fragments of qrt-
pcr products. A 4% agarose gel was used in the study. RST:
Restraint stress group; CON: Control group; The amplification
fragment of klotho and gapdh is 171 bp and 150 bp, respec-
tively.

Discussion

Our study reveals that a-Klotho is a kind of
acute phase protein, for acute restraint stress
induces an increase of the serum concentra-
tion. While it is contrary to our expectation, as
decrease happened in the expression of
a-Klotho mRNA. The underlying mechanism of
the seemingly contradictory result should be as
follows: 1) there exists two producing way of
soluble a-Klotho protein, one is the mRNA alter-
native splicing way, and the other is ectodo-
main shedding of the membrane a-Klotho [14,
15]. So if there is only the former producing
way, the change should be unanimous. That is
to say when the serum protein is up, the expres-
sion of mMRNA should also increase. Howbeit,
butting in of the other way, makes it complicat-
ed. If restraint stress has a binary effect: down-
regulation of the expression of a-Klotho mRNA
together with the increasing of shedding of the
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membrane «-Klotho protein, the contra-
dictory result above could be reality. 2)
According to literature data, FGF-23 may
increase a-Klotho in blood and directly or
indirectly suppress a-Klotho mRNA expres-
sion [16]. So the further study should eluci-
date whether the binary effect of restraint
stress is true and what the upstream regu-
lators of a-Klotho shedding are. Stress
function through hypothalamic-pituitary-
adrenal axis, the sympatho-adrenomedul-
lary axis and the opioid system. Takeshita
and his colleges’s research shows striking
increase of Plasma norepinephrine in wild
type moue under restraint stress and a
slightly decrease in Plasma norepineph-
rine of a-Klotho knockout mouse [4]. A
great many of literatures focused on the
relationship between restraint stress and
corticosterone have reported notable
increase of corticosterone, the primary
stress hormone in rodents [11, 17, 18]. So
more research should put on whether
there is certain relation between the alter-
nation of o-Klotho and this stress hor-
mone. In conclusion a-Klotho is a kind of
acute phase protein and altered by
restraint stress, even though the mecha-
nism remains unknown and many interest-
ing problems should be settled.
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