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Table Analyzed

One-way analysis of variance
P value

P value summary
Are means signif. different? (P < 0.05)

Number of groups
F

R squared

Bartlett's test for equal variances
Bartlett's statistic (corrected)

P value
P value summary

Do the variances differ signif. (P < 0.05)

ANOVA Table
Treatment (between columns)

Residual (within columns)
Total

Newman-Keuls Multiple Comparison Test
SALINE vs ANG 21 DAYS S
SALINE vs CSA5preANG G
SALINE vs CsA5 5
CsA5 vs ANG 21 DAYS S
CsA5 vs CSA5preANG G
CSA5preANG vs ANG 21 DAYS S

Data 1

0.0003
***
Yes
4
7.535
0.3113

7.651
0.0538
ns
No

SS
5.945
13.15
19.10

Mean Diff.
-0.8371
-0.2613
-0.2362
-0.6008
-0.02508
-0.5757

df
3
50
53

q
6.396
1.939
---
3.864
---
4.482

MS
1.982
0.2630

Significant? P < 0.05?
Yes
No
No
Yes
No
Yes

Summary
***
ns
ns
*
ns
**

Pharmacological inhibition of CN: CsA 
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Table Analyzed

One-way analysis of variance
P value

P value summary
Are means signif. different? (P < 0.05)

Number of groups
F

R squared

Bartlett's test for equal variances
Bartlett's statistic (corrected)

P value
P value summary

Do the variances differ signif. (P < 0.05)

ANOVA Table
Treatment (between columns)

Residual (within columns)
Total

Bonferroni's Multiple Comparison Test
CONTROL vs ANG 21d d
CONTROL vs CsA5 5
CONTROL vs CsA5+ANG 21d d
ANG 21d vs CsA5 5
ANG 21d vs CsA5+ANG 21d d
CsA5 vs CsA5+ANG 21d d

Data 1

0.0008
***
Yes
4
9.432
0.6388

3.905
0.2720
ns
No

SS
0.4607
0.2605
0.7213

Mean Diff.
-0.3500
0.02000
-0.02400
0.3700
0.3260
-0.04400

df
3
16
19

t
4.337
0.2478
0.2974
4.585
4.039
0.5452

MS
0.1536
0.01628

Significant? P < 0.05?
Yes
No
No
Yes
Yes
No

Summary
**
ns
ns
**
**
ns

95% CI of diff
-0.5928 to -0.1072
-0.2228 to 0.2628
-0.2668 to 0.2188
0.1272 to 0.6128
0.08322 to 0.5688
-0.2868 to 0.1988

IVS, incremento a dia 21, exp.17
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Table Analyzed

One-way analysis of variance
P value

P value summary
Are means signif. different? (P < 0.05)

Number of groups
F

R squared

Bartlett's test for equal variances
Bartlett's statistic (corrected)

P value
P value summary

Do the variances differ signif. (P < 0.05)

ANOVA Table
Treatment (between columns)

Residual (within columns)
Total

Newman-Keuls Multiple Comparison Test
CsA5 vs ANG 21d d
CsA5 vs CONTROL L
CsA5 vs CsA5+ANG 21d d
CsA5+ANG 21d vs ANG 21d d
CsA5+ANG 21d vs CONTROL L
CONTROL vs ANG 21d d

Data 1

0.0273
*
Yes
4
3.966
0.4265

3.951
0.2669
ns
No

SS
0.09370
0.1260
0.2197

Mean Diff.
-0.1820
-0.05800
-0.03600
-0.1460
-0.02200
-0.1240

df
3
16
19

q
4.586
1.461
---
3.679
---
3.125

MS
0.03123
0.007875

Significant? P < 0.05?
Yes
No
No
Yes
No
Yes

Summary
*
ns
ns
*
ns
*
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Previous studies have shown that the Calcineurin (CN)/NFAT signalling pathway is an established important regulator of cardiac hypertrophy. However, most studies are based on gain- and 
loss-of-function initiated at or before birth, and there are no detailed studies about the role of this pathway in the progression of pathological cardiac remodelling during adulthood. 

To investigate the role of CN in the progression of disease we have analyzed the effect of cyclosporin A (CsA), a pharmacological CN inhibitor, on angiotensin II (AngII)-induced hypertension 
and cardiac hypertrophy in mice. Our results show that although CsA treatment does not alter the AngII-induced hypertension, it blocks the increase of cardiac mass, ventricular wall 

thickness and cardiomyocyte size when hypertrophy is established (21 days after AngII infusion). Unexpectedly, AngII infusion induces hypertrophy as early as three days and this effect is 
also inhibited by CsA. Interestingly, CsA impairs cardiac function and has no effect on AngII-induced fibrosis. A complementary analysis based on the inducible genetic deletion of CN in heart 

just before the induction of hypertrophy indicates that CN deficiency results in a clear reduction of hypertrophy accompanied by a blockade of AngII-induced fibrosis. Furthermore, CN 
deficient mice, but not CsA-treated mice, do not develop systolic dysfunction.  
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Table Analyzed
Column B

vs
Column C

Unpaired t test
P value

P value summary
Are means signif. different? (P < 0.05)

One- or two-tailed P value?
t, df

How big is the difference?
Mean ± SEM of column B
Mean ± SEM of column C
Difference between means

95% confidence interval
R squared

F test to compare variances
F,DFn, Dfd

P value
P value summary

Are variances significantly different?

Data 1
ANG 21 DAYS
vs
CSA5

0.0105
*
Yes
Two-tailed
t=2.718 df=32

3.179 ± 0.5809 N=22
0.9917 ± 0.1941 N=12
2.187 ± 0.8047
0.5472 to 3.827
0.1875

16.41, 21, 11
< 0.0001
***
Yes

fibrosis, media % en dos cortes. EXP.3 Y EXP.8

Genetic inhibition of CN: Mhy6-Cre/Esr1 CnB Δ/LoxP mice 

day -2 day 0 

At day 21,  
animals were 

sacrificed,  and  
tissues samples  
were collected 

 

Mini-pumps containing 
AngII (1µg/kg/min) were 

implanted 
subcutaneously, 

posterior to the scapula 
  

Mini-pumps containing 
CsA (5 mg/kg/day)  
were implanted  

day 21 

CsA pretreatment 

CsA 

Cardiac hypertrophy induced by AngII infusion 

Data 1

co
ntro

l

an
g 1 

day

an
g 3 

day
s

cs
a+

an
g 1d

ay

cs
a+

an
g 3d

ay
s

150

200

250

300

WGA, exp 13 y 14

control
167
152
161

213
151
142
167
196

147
173
150
169
162

170
207
202
264
194

178
148
198
189
167

181
189
184
190
179

ang 1 day
171
179
163
160
193

192
198
198
190
203
179

219
146
167
163
207

151
155
187
187
169

ang 3 days
217
224
188
175
206

226
248
222
217
204

252
194
227
211
158

csa+ang 1day
163
171
171
177
191

207
181
195
175
219
178

182
201
196
214
178

152
157
197
168
174

csa+ang 3days
137
173
181
165
230

167
208
265
257
245

182
140
176
173
174

Table Analyzed

One-way analysis of variance
P value

P value summary
Are means signif. different? (P < 0.05)

Number of groups
F

R squared

Bartlett's test for equal variances
Bartlett's statistic (corrected)

P value
P value summary

Do the variances differ signif. (P < 0.05)

ANOVA Table
Treatment (between columns)

Residual (within columns)
Total

Newman-Keuls Multiple Comparison Test
control vs ang 3 days s
control vs csa+ang 3days s
control vs csa+ang 1day y
control vs ang 1 day y
ang 1 day vs ang 3 days s
ang 1 day vs csa+ang 3days s
ang 1 day vs csa+ang 1day y
csa+ang 1day vs ang 3 days s
csa+ang 1day vs csa+ang 3days s
csa+ang 3days vs ang 3 days s

Data 1

0.0003
***
Yes
5
5.809
0.2052

16.63
0.0023
**
Yes

SS
13890
53800
67690

Mean Diff.
-36.39
-16.66
-8.925
-4.982
-31.41
-11.68
-3.943
-27.47
-7.733
-19.73

df
4
90
94

q
6.395
2.927
---
---
5.374
---
---
4.651
---
3.126

MS
3472
597.8

Significant? P < 0.05?
Yes
No
No
No
Yes
No
No
Yes
No
Yes

Summary
***
ns
ns
ns
**
ns
ns
**
ns
*
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These results demonstrate that CN is essential for cardiac enlargement mediated by AngII, and suggest  
that the deleterious effect of CsA in cardiovascular diseases may be linked to the side effects of 
immunosuppressants unrelated to the inhibition of CN. 
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Table Analyzed

One-way analysis of variance
P value

P value summary
Are means signif. different? (P < 0.05)

Number of groups
F

R squared

Bartlett's test for equal variances
Bartlett's statistic (corrected)

P value
P value summary

Do the variances differ signif. (P < 0.05)

ANOVA Table
Treatment (between columns)

Residual (within columns)
Total

Newman-Keuls Multiple Comparison Test
Tx+saline vs Veh+Ang g
Tx+saline vs Tx+Ang g
Tx+saline vs Veh+salino o
Veh+salino vs Veh+Ang g
Veh+salino vs Tx+Ang g
Tx+Ang vs Veh+Ang g

07,  02,  03

< 0.0001
***
Yes
4
20.07
0.6323

1.840
0.6064
ns
No

SS
7.277
4.231
11.51

Mean Diff.
-1.123
-0.4667
-0.1606
-0.9627
-0.3061
-0.6567

df
3
35
38

q
9.945
4.027
1.453
8.962
2.770
5.813

MS
2.426
0.1209

Significant? P < 0.05?
Yes
Yes
No
Yes
No
Yes

Summary
***
*
ns
***
ns
***

Veh+salino
4.57
4.58
4.51
4.71

4.10
4.20
5.40
4.60
4.30
4.50

4.50
4.60
4.20
5.00
4.40

Veh+Ang
5.56
5.49
7.11

4.80
5.40
5.60
5.50
5.20

5.50
6.30
5.20
5.80
5.60

Tx+saline
4.09
4.61
5.24

4.10
4.30
4.70

4.00
4.30
4.30
5.00
4.10
4.50

Tx+Ang
5.07
5.18
4.99
4.95

5.10
5.00
4.60
4.70
4.30

5.00
5.00
4.90
4.90
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1.8
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1.00
0.96
1.00
1.00

v+ang
1.52
1.59
1.47
1.19
1.34

tx+saline
1.04
1.04
1.00
1.09
1.10

tx+ang
1.42
1.05
1.21
1.04

Table Analyzed

One-way analysis of variance
P value

P value summary
Are means signif. different? (P < 0.05)

Number of groups
F

R squared

ANOVA Table
Treatment (between columns)

Residual (within columns)
Total

Newman-Keuls Multiple Comparison Test
v+saline vs v+ang g
v+saline vs tx+ang g
v+saline vs tx+saline e
tx+saline vs v+ang g
tx+saline vs tx+ang g
tx+ang vs v+ang g

Data 1

0.0004
***
Yes
4
11.80
0.7166

SS
0.5148
0.2036
0.7184

Mean Diff.
-0.4320
-0.1900
-0.06400
-0.3680
-0.1260
-0.2420

df
3
14
17

q
7.552
3.151
---
6.824
---
4.231

MS
0.1716
0.01454

Significant? P < 0.05?
Yes
No
No
Yes
No
Yes

Summary
***
ns
ns
***
ns
**

TAM03. IVSd eje largo, incremento de PRE vs dia1ANG

IV
S 

m
m

 D
ay

21
/D

ay
0

LVPW

v+
sa

lin
e

v+
an

g

tx+
sa

lin
e

tx+
an

g
0.8

1.0

1.2

1.4

1.6

v+saline
1.00
1.07
0.91
1.05

v+ang
1.46
1.52
1.13
1.18
1.13

tx+saline
1.05
1.04
1.00
1.27
1.00

tx+ang
1.15
1.01
1.20
1.17

Table Analyzed

One-way analysis of variance
P value

P value summary
Are means signif. different? (P < 0.05)

Number of groups
F

R squared

ANOVA Table
Treatment (between columns)

Residual (within columns)
Total

Newman-Keuls Multiple Comparison Test
v+saline vs v+ang g
v+saline vs tx+ang g
v+saline vs tx+saline e
tx+saline vs v+ang g
tx+saline vs tx+ang g
tx+ang vs v+ang g

Data 1

0.0318
*
Yes
4
3.922
0.4567

SS
0.1955
0.2326
0.4280

Mean Diff.
-0.2765
-0.1250
-0.06450
-0.2120
-0.06050
-0.1515

df
3
14
17

q
4.523
1.940
---
3.678
---
---

MS
0.06515
0.01661

Significant? P < 0.05?
Yes
No
No
No
No
No

Summary
*
ns
ns
ns
ns
ns
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Table Analyzed

One-way analysis of variance
P value

P value summary
Are means signif. different? (P < 0.05)

Number of groups
F

R squared

Bartlett's test for equal variances
Bartlett's statistic (corrected)

P value
P value summary

Do the variances differ signif. (P < 0.05)

ANOVA Table
Treatment (between columns)

Residual (within columns)
Total

Newman-Keuls Multiple Comparison Test
Veh+salino vs veh+ang g
Veh+salino vs tx+ang g
Veh+salino vs Tx+salino o
Tx+salino vs veh+ang g
Tx+salino vs tx+ang g
tx+ang vs veh+ang g

Data 1

< 0.0001
***
Yes
4
11.38
0.5010

28.83
< 0.0001
***
Yes

SS
101.0
100.6
201.6

Mean Diff.
-3.989
-0.5539
-0.5048
-3.485
-0.04917
-3.435

df
3
34
37

q
7.507
1.013
---
6.040
---
6.148

MS
33.66
2.958

Significant? P < 0.05?
Yes
No
No
Yes
No
Yes

Summary
***
ns
ns
***
ns
***

Veh+salino
1.61
1.28
2.06
0.87
0.64

1.55
1.47
0.67
1.05
1.51
1.62

veh+ang
4.28
2.30
3.23
3.86
2.87

2.12
10.16

7.75
8.04
8.31

Tx+salino
2.09
1.62
1.34
1.06
0.95

2.97
1.11
3.32

tx+ang
1.45
0.92
1.49
1.65

1.81
5.33
1.47
1.01
1.58
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Table Analyzed

One-way analysis of variance
P value

P value summary
Are means signif. different? (P < 0.05)

Number of groups
F

R squared

Bartlett's test for equal variances
Bartlett's statistic (corrected)

P value
P value summary

Do the variances differ signif. (P < 0.05)

ANOVA Table
Treatment (between columns)

Residual (within columns)
Total

Newman-Keuls Multiple Comparison Test
control vs csa+ang 3days s
control vs ang 3 days s
control vs csa+ang 1day y
control vs ang 1 day y
ang 1 day vs csa+ang 3days s
ang 1 day vs ang 3 days s
ang 1 day vs csa+ang 1day y
csa+ang 1day vs csa+ang 3days s
csa+ang 1day vs ang 3 days s
ang 3 days vs csa+ang 3days s

Data 1

< 0.0001
***
Yes
5
6.745
0.2326

79.35
< 0.0001
***
Yes

SS
128.1
422.6
550.7

Mean Diff.
-3.317
-2.032
-0.7391
-0.3796
-2.938
-1.653
-0.3595
-2.578
-1.293
-1.285

df
4
89
93

q
6.487
3.974
1.569
---
5.639
3.173
---
4.898
---
2.283

MS
32.03
4.749

Significant? P < 0.05?
Yes
Yes
No
No
Yes
No
No
Yes
No
No

Summary
***
*
ns
ns
***
ns
ns
**
ns
ns

control
1.10
1.34
2.49

0.18
0.56
1.02
1.06
0.22

2.07
0.69
0.22
0.16
0.40

1.16
1.94
1.43
1.28
1.42

0.65
1.02

1.18
0.73

0.64
0.56
1.18
0.79
0.30

ang 1 day
4.96
0.80
1.49
2.29
1.18

0.77
0.20
1.26
1.10
1.07
1.11

2.18
1.32
0.59
2.56
1.30

1.17
0.67
0.69
0.44
1.00

ang 3 days
1.53
6.67
2.15
8.39
6.68

3.46
1.34
1.79
3.25
2.68

1.10
0.37
1.16
2.70
1.63

csa+ang 1day
5.58
2.87
4.32
4.71
1.77

0.27
0.09
0.32
0.30
2.24
3.32

3.85
1.68
0.71
1.60
0.62

0.48
0.65
0.83
1.47
0.64

csa+ang 3days
1.85

10.28
12.80

3.14
14.04

5.06
3.16
2.21
1.81
0.63

1.11
1.93
1.52
2.58
2.05
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A, CsA reduces the increase in cardiac mass mediated by AngII. After 21 days of AngII infusion, mice from 4 experimental groups  
(sham, control mice; AngII, mice treated with AngII for 21 days; CsA, mice treated with CsA for 21 days and CsA+AngII, AngII-treated  
mice that were also  infused with CsA) were sacrificed and their ventricular weight was measured. Ventricular mass (mg) was normalized to  
body weight (g). B, CsA diminishes cardiomyocyte size in AngII-treated mice. Quantification of myocyte surface area from cardiac  
histological sections of mice stained with FITC-lectin (green) using ImageJ software (upper panel). Representative pictures are shown  
(lower panel). C, CsA reduces the increase in thickness of interventricular septum (IVS) and left ventricular posterior wall (LVPW)  
mediated by AngII. In vivo analysis by echocardiography was performed at day 21 of treatment. Wall thickness was measured in M-mode  
from cardiac longitudinal images and normalized to the thickness determined before the treatments. D, CsA treatment has not a significant  
effect on AngII-induced hypertension. Blood pressure (BP) of mice was monitorized during the longitudinal study. Systolic BP, measured  
at successive days after AngII minipump implantation, was normalized to systolic blood pressure of each mice before treatment  
(n=13 mean±SEM). 
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Fig.1 CsA inhibits the cardiac enlargement induced by AngII 
in a hypertension-independent manner. 

Two experimental 
approaches  

for  
CN inhibition 

x10 x10 x10 

Fig.2  AngII induces a very early development of cardiac hypertrophy; CsA reduces cardiac mass but not fibrosis. 

*** ** 

** * 

** ** 

* * 

n.s. 

*** 

Fig.3 CsA impairs systolic 
cardiac function, and fails to 
reduce AngII-induced 
fibrosis. 
A, Mice treated with CsA  
display a significant reduction 
in systolic cardiac function. 
Twenty-one days after AngII 
infusion, cardiac function of mice 
from four experimental groups was 
analysed by echocardiography. 
Percentage of ejection fraction 
was measured from M-mode 
tracings from each mice before 
treatment (day 0) and 21 days 
after AngII minipump implantation 
(day21). Changes in ejection 
fraction at day 21 are represented. 
B and C, AngII-induced fibrosis 
w h e n  h y p e r t r o p h y  i s 
established, is not reduced by 
C s A t r e a t m e n t . C a r d i a c 
histological sections of mice 
sacrificed at day 21 were stained 
with picrosirius red to detect 
fibrosis. B, Quantification of 
percentage of myocardium area 
staining for fibrosis, and C, 
R e p r e s e n t a t i v e i m a g e s o f 
picrosirius red staining (red 
indicates collagen deposition) 
 

*** * *** * 
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*** 

*** * 

** 
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day 3 day 1 

A, AngII infusion for 3 days induces a significant increase in myocyte size that is attenuated in CsA-treated mice. Quantification of  
cardiomyocyte area was performed as in Fig1.B. B, IVS thickness is increased at day 3 of AngII infusion in a CsA sensitive fashion. 
Mice were analysed by echocardiography at 1 day and 3 days after implanting  AngII mini-pumps as in Fig.1C. C, CsA  treatment does 
not affect AngII-induced fibrosis at day 3. Transversal sections of heart were stained with picrosirius red, and percentage of myocardium 
area staining for fibrosis was quantified by Image J software. 

Differences among groups were analysed by one-way ANOVA following by Newman-Keuls test. In blood pressure experiments, we analysed data by two-
ANOVA following by Bonferroni test. *p<0.05 is considered significant. **p<0.01, ***p<0.001. 

Statistical analysis 
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Fig.4  AngII-induced hypertrophy is inhibited in mice 
conditionally deficient in cardiac CN. 
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Fig.5  Heart-specific CN deficient mice display normal systolic cardiac function and do not develop cardiac 
fibrosis in response to AngII.   

*** *** *** ** 

* 

*** *** 

A, Mice with CN deficiency in heart do not show increased cardiac mass in response to AngII. After tamoxifen treatment (for CN 
deletion), AngII minipuumps were implanted in mice and after 21 days of AngII infusion mice were sacrificed. Ventricular weights from 
these mice were measured as Fig.1A. B, Cardiomyocyte size is increased in response to AngII in CN-expressing mice but not in 
CN deficient mice. Quantification of myocyte surface area from cardiac histological sections of mice was performed as Fig.1B, (upper 
panel). Representative pictures are show (lower panel). C, CN deficient mice display reduction in thickness ventricular wall in 
response to AngII. In vivo analysis by echocardiography was performed after 21 days of AngII infusion. IVS and LVPW thickness is 
represented as Fig.2C. D, CN deficient mice display a normal hypertensive response to AngII infusion. Blood pressure of mice was 
monitorized during experimental protocol, and systolic BP measurements are represented as Fig.1D. 

A, Cardiac CN deficiency does not induce systolic cardiac dysfunction. After 21 days of AngII infusion, cardiac function of 
mice from four experimental groups was analysed by echocardiography. Percentage of ejection fraction was measured from M-
mode tracings from each mice before treatment (day 0) and 21 days after AngII minipump implantation (day21). The change of 
ejection fraction at study completion is represented. B and C, AngII-induced fibrosis, when hypertrophy is established, is 
inhibited in CN deficient mice. Cardiac histological sections of mice sacrificed at day 21 were stained with picrosirius red to 
detect fibrosis. B, quantification of percentage of myocardium area staining for fibrosis, and C, representative images. 
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