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VEGF-C vermittelte Regulation der Na+- und VolumenhomöostaseSodium balance

Assumption 1:

Steady state: was goes in, must

come out.

Assumption 2:

Body Na+ is accompanied by

commensurate amounts of water.

Assumption 3:

Body Na+ content is maintained

within narrow limits.
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Isotonicity of the internal environment: the two-compartment model
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VEGF-C vermittelte Regulation der Na+- und VolumenhomöostaseNa+ and maintenance of internal environment composition
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What is the reverse experiment?
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The metabolic

ward.

 Temp. 18-25°C

 Humidity: 40-75%

 Air Pressure: 660  - 880 mmHg

 PCO2 < 8 mmHg

 PO2: 140-200 mmHg

The Mars500 Project
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VEGF-C vermittelte Regulation der Na+- und VolumenhomöostaseAcknowledgements



VEGF-C vermittelte Regulation der Na+- und VolumenhomöostaseDoing the reverse experiment:   the Mars500 project 

Source: esa.com

Urinary Na+ recovery: 95%                                                   95%
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Great!

Let‘s go home!



The Mars500 Project

Cell Metabolism 17: 125-131, 2013



The Mars500 Project: Value of an accurately UNaV sample

Unpublished



The Mars500 Project: Does salt intake determine fluid intake?

Unpublished



The Mars500 Project: Does salt intake influence fluid intake?

Unpublished



The Mars500 Project: Dietary salt leads to urinary Na+ concentration.

Unpublished



The Mars500 Project

Where is the salt?

Cell Metabolism

17: 125-131, 2013



VEGF-C vermittelte Regulation der Na+- und Volumenhomöostase1. Why do we want to see the sodium?

a) Because serum electrolytes do not tell us

much about tissue electrolyte composition.

b) Because immune cells seem to regulate

interstitial electrolyte homeostasis, and

because interstitial electrolytes may boost

immune responses.

c) Because tissue Na+ accumulation may be 

hidden disease entity. 



23Na MRI for detection of hidden Na+ storage in humans
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Sodium storage and its coincidence with hypertension.

Hypertension, 2013



Hypertension, 2013



Where is the salt?

Hypertension, 2013



Sodium storage and its coincidence with hypertension.
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Can we mobilize?

Hypertension, 2013
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Na+ storage in the interstitium: the three-compartment model



VEGF-C vermittelte Regulation der Na+- und VolumenhomöostaseIs the skin interstitium hypertonic compared to plasma?

Chemical analysis

JCI, 2013; 123: 2803-2815
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Ernest Henry Starling (1866 –1927) 



How is microcirulation organized?
Traditional view    (Starling, J Physiol, 19, 312-326, 1896)

L
A V

P(i) = - 2
P() = 0.1

P(c) = 35
P() = 28

P(eff) = 9

P(i) = - 2
P() = 3

P(c) = 15
P() = 28

P(eff) = 8



How is microcirulation organized -
why not questioning Starling‘s equation?

Na++ K+≈ 145 mmol/L
Osm ≈ 290 mOsm/kg

Na++ K+≈ 145 mmol/L
Osm ≈ 290 mOsmol/kg

Na++ K+≈ 145 mmol/L
Osm ≈ 290 mOsm/kg
P(osmNa) ≈ 5000 mmHg

Na++ K+≈ 160 - 240 mmol/L
Osm ≈ 320 mOsmol/kg
P(osmNa) ≈ 5600 mmHg

L
A V

P(i) = - 2
P() = 0.1
P(Na) ≈ 5600

P(c) =  35
P() =  28
P(Na)≈5000

P(eff) = 9P(eff) = 600

P(i) = - 2
P() = 3
P(Na) ≈ 5600

P(c) = 15
P() = 28

P(eff) = ???



VEGF-C vermittelte Regulation der Na+- und Volumenhomöostase2. How can we see the sodium?

a) By chemical analysis (19th and 20th century).

b) Invasively by EDX-SEM microscopy.

c) Non-invasively by 23NaMRI (21th century).



VEGF-C vermittelte Regulation der Na+- und Volumenhomöostase

Sodium sensing in interstitium and

Relationship to hypertension



Anti-VEGF-C

Anti-ß Actin
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Ton

EBP

Urine

C
le

a
ra

n
c

e
 2

VEGFR-2

NO

e
N

O
S

NO

e
N

O
S

Cl-

Na+

Part 2

Part  1

S
k
in

 

In
te

rs
ti

ti
u

m
B

lo
o

d
K

id
n

e
y

Lymph Vessel

Lymph Vessel

S
-S

VEGFR-3

Lymph Vessel

S
-S

C
le

a
ra

n
c
e

 1

_

Na+

Cl-

Na+

Cl-

Na+

VEGFR-3



VEGF-C vermittelte Regulation der Na+- und Volumenhomöostase

Questions:

1. MPS: regulators of electrolytes and blood pressure?

2. Lymphatic regulation of blood pressure?

3. Is blood pressure regulated in the skin?
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Macrophages regulate skin electrolyte homeostasis

and blood pressure
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Questions:

1. Is the skin microenvironment hypertonic?

2. Are lymph capillaries important for blood pressure?

3. Is skin VEGF-C important for blood pressure control?



Lymphatic regulation of blood pressure?
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Lymphatic regulation of blood pressure?

Experiments with mF4-31c1

JCI, 2013; 123: 2803-2815
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Lymphatic regulation of blood pressure

JCI, 2013; 123: 2803



Lymphatic regulation of blood pressure

Experiments with mF4-31c1
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Questions:

1. Is the skin microenvironment hypertonic?

2. Are lymph capillaries important for blood pressure?

3. Is skin VEGF-C important for blood pressure control?



Skin VEGF-C and blood pressure
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Skin VEGF-C and blood pressure

JCI, 2013; 123: 2803-2815



Skin VEGF-C and blood pressure

Does not seem to be a kidney problem.



Skin VEGF-C and blood pressure
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Lymphatic regulation of blood pressure

Asleep at the

switch?

„Model“

research
„Patient“

research



ESRD patients



Sodium storage and its coincidence with hypertension.
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ESRD patients



ESRD patients
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Sodium removal in ESRD patients

Na+: 31.9 mmol/L
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ESRD patients
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Summary

1. Isotonicity versus hypertonicity.

2. Clearance.

3. What is immune function?

Electrolyte homeostasis:

Immunology beyond innate and adaptive stereotypes
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Results:

Sodium during Therapy
Before Therapy (69.5 kg)

After Therapy (65.7 kg)

(103 kg)

(100 kg)

(73.5 kg)

(70.4 kg)


