
88 IZKF Erlangen Annual Report 2014

Immune system as regulator of volume and blood pressure

Prof. Dr. Jens Titze, IZKF - Junior Research Group 2

We have found that the immune system regulates salt and water balance, and that Ɵ ssue Na+ storage signi-
fi cantly boosts innate and adapƟ ve immune responses. The fi nding has opened an enƟ rely new perspecƟ ve 
on immune funcƟ on that extends ancient protecƟ on from invaders to physiological adaptaƟ on to envi-
ronmental condiƟ ons and blood pressure control. We have developed 23Na magneƟ c resonance imaging 
methods for rapid transfer of our basic research fi ndings into the clinical arena.

Understanding Na+ storage in humans
We have implemented 23Na-MRI technology to 
non-invasively visualize Na+ reservoirs in humans. 
Now skin Ɵ ssue can be imaged up to a resoluƟ on of 
0.9 mm. The improved images directly show that hu-
man skin sodium is predominantly found in the up-
per layers of the skin (dermis + epidermis) but only 
liƩ le in the subcutaneous fat layer. Nephrological, 
metabolical and dermatological quesƟ ons can be 
studied with this technique. In 2014, we have publis-
hed a clinical study on Ɵ ssue Na+ removal in dialysis 
paƟ ents. Age and infl ammaƟ on augmented Na+ sto-
rage in the paƟ ents, and prevented Na+ mobilisaƟ on 
with therapy. 

Immune cells are physiologic regulators of salt water 
balance and blood pressure control
We showed that Na+ storage in the skin and the 
resulƟ ng disequilibrium in intersƟ Ɵ al Na+ concen-
traƟ on aƩ racts macrophages, which then exert a 
homeostaƟ c-regulatory or autoimmune phenotype. 
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We could show that a hypertonic microenvironment 
increases the ability of macrophages to eliminate 
microbes and serves as barrier against infecƟ ons. 
We have extended this work to the role of B-cells 
(collaboraƟ on: Prof. Jäck) and the fi nding that B cells 
are criƟ cal homeostaƟ c regulators of Ɵ ssue Na+ and 
systemic blood pressure. 

Mars500 salt balance studies reveal that high-salt 
intake induces catabolism in humans
We have performed the fi rst ultra-long term Na+ ba-
lance study in humans where we idenƟ fi ed weekly 
(circaseptan) rhythms in human Na+ balance, and 
showed that dietary salt intake acƟ vates the immu-
ne system in humans. We recently study the eff ect 
of salt intake on protein catabolism in the Mars500 
series.
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LeŌ  to right: Panel A-C. Lymph capil-
laries in control (mb1wtTonEBPfl ox/
fl ox) and TonEBP-defi cient mice (mb-
1creTonEBPfl ox/fl ox). TonEBP-defi ci-
ency in B cells reduces the size of the 
lymph capillary network. Clearance, 
and leads to a 15-20 mmHg increase 
in mean arterial blood pressure (not 
shown). The fi ndings idenƟ fy B cells as 
regulators of blood pressure homeos-
tasis.
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Invited lectures
06/01/2014 “The intersƟ Ɵ um as a sodium sensor and the immune system as a regulator of volume and BP homeostasis” 51st ERA-
EDTA Congress, Amsterdam, The Netherlands
05/29/2014 “Skin and Sodium Rhythms in Human Body” Salt in Human Health and Sickness: Building on the Current ScienƟ fi c Evi-
dence Working Groups” NaƟ onal Heart, Lung, and Blood InsƟ tute of the NaƟ onal InsƟ tute of Health, Bethesda, USA
04/28/2014 “Hypertension is only skin deep”, Renal Grand Rounds, Division of Nephrology/Hypertension, Feinberg School of Me-
dicine, Northwestern University
10/03/2014 „Lymph vessels and immune cells control skin electrolyte composiƟ on and blood pressure“ Gordon Research Confe-
rence on Molecular Mechanisms in LymphaƟ c FuncƟ on & Disease, Il Giocco Resort Lucca (Barga), Italy
07/03/2014 “Sodium, blood pressure, and homeostaƟ c immune funcƟ on” Cardiovascular Science InsƟ tute Seminars, University of 
Edinburgh, Edinburgh, USA
06/02/2014 “Sodium balance is not just a renal aff air” Center for Cardiovascular Research Seminars, Washington University, St. 
Louis, USA
01/26/14 Keynote Address “Non-osmoƟ c sodium storage as a pathogeneƟ c factor in hypertension in CDK & ESRD” 16th InternaƟ o-
nal Conference on Dialysis, Las Vegas, Nevada, USA

Awards
2014 ElecƟ on to the American Society of Clinical InvesƟ gaƟ on, Jens Titze, April 25th, Chicago, USA
2014-2018: AHA 14SFRN20770008 “Lowering Ɵ ssue Na+ stores to reduce blood pressure in aging humans”. Role: Principal InvesƟ -
gator
2014-2018: NIDDK 2R01DK062794-11A1 (PI: Harris, R)  “The role of cyclooxygenase-2 in salt-sensiƟ ve hypertension”. Role: Co-In-
vesƟ gator

Patents/ Licenses during funding period
US Patent ApplicaƟ on 20130096415 Method to determine sodium values describing the content of 23Na+, and local coil for use in 
such a method
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