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Enhanced immune reactivity 
Antibodies anti-renal tissue 1,2 

Antibodies to thymocytes in SHR 3 

HTN improved with 6MP 4, 1  

HTN improved with cyclophosphamide  4,5, 14 

Nude (athymic mice) and thymectomy prevent HTN 6,7,8 

T cell transfer from rats with renal infarction induce HTN  6 

Spleen cell transfer of rats with DOCA-salt hypertension induce HTN 11 

Reduction of blood pressure with anti-thymocytic serum 10  

Supressed immune reactivity 
Thymic grafts from WKY rats improve hypertension in SHR 9 

 Decreased DHT 12 

 Reduced antibody formation in SHR 12 

 Injections of IL2 ameliorate HTN 13 

1 White FN, Grollman A.. Nephron. 1964;204:93–102;   2 Takeichi N, Ba D, Koga Y, Kobayashi H. J Immunol. 1983;130:501–505.;  3 Takeichi N, Ba D, Kobayashi H. Cell Immunol. 
1981;60: 181–190.  4  Dzielak DJ. Am J Physiol. 1991;260:R459–R467.   5  Norman RA Jr, Dzielak DJ. Proc Soc Exp Biol Med. 1986;182:448–453.:   6   Okuda T, Grollman A.. Tex 
Rep Biol Med. 1967;25: 257–264.   7  Svendsen UG. Acta Pathol Microbiol Scand A. 1976;84:235–243.   8  Svendsen UG. Acta Pathol Microbiol Scand A. 1976;84:523–528.  9  Ba 
D, Takeichi N, Kodama T, Kobayashi H. J Immunol. 1982;128:1211–1216.   10   Bendich A, Belisle EH, Strausser HR.. Biochem Biophys Res Commun. 1981;99:600–607.  11   
Olsen F. Acta Pathol Microbiol Scand C. 1980;88:1–5.     12  Takeichi N, Suzuki K, Okayasu T, Kobayashi H. Clin Exp Immunol. 1980; 40:120 –126.   13 Tuttle RS et al.  
Hypertension 1990;  15:89-94:  14  Bataillard A et al.   Int J  Immunopharmacol  1989; 11:  377-384 

IMMUNITY AND HIGH BLOOD PRESSURE (1976-1990) 



Dzielak DJ. Editorial: AIDS, lupus, rheumatoid arthritis-hypertension? 

Hypertension 1990; 15: 95-96.   

..immune dysfunction is rarely mentioned  
in discussions on arterial hypertension 

Immune dysfuction interpreted as an adaptive response that 
would tend to reduce what would otherwise be life threatening 

increments in blood pressure 
Bendich A, Belisle EH, Strausser HR.  Immune system modulation  and its effects 

on blood pressure of the spontaneously hypertensive male and female rat   

Biochem Biophys Res Commun 1981; 99: 600-607 

…new data implicating T lymphocytes will eventually allow 
discovery of new therapeutic targets that may improve outcomes 

in cardiovascular and renal disease in humans. 
Schiffrin EL.  T lymphocytes: a role in hypertension? 

Cur Opin Nephrology Hyperten 2010, 19:181–186 

IMMUNITY and HYPERTENSION.  Editorials/Reviews 



Experimental conditions and animal strains in which hypertension 
has been found to be associated with renal interstitial inflammation.  

Experimentally induced hypertension  

Prenatally induced hypertension 27 

DOCA-salt hypertension (*) 35, 36 

Renal infarct hypertension 28 

2 kidney 1clip Goldblatt hypertension 29 

Page (cellophane wrap) hypertension 30 

Aortic coarctation 43 

Chronic lead intoxication 31 

Potassium depletion (*) 37, 38 

Hyperuricemia (*)  

Overload proteinuria (*) 42 

Angiotensin II infusion (*) 39, 40 

Cathecolamine infusion (*) 44 

Nitric Oxide synthase inhibition (*)41 

Cyclosporin nephropathy (*) 45 

Renal ablation 32-34 

Hypertensive rat and mice strains  

Spontaneously Hypertensive rats 16-21 

Stroke prone hypertensive rats 28 

dTGF (double transgenic) rats 22 

Dahl salt sensitive rats 23, 24 

Sabra rats 27 

Lyon hypertensive rats 25 

Mice with mitochondrial SOD 

deficiency(*) 29 

Hypertensive NZB mice 26 

Humans with essential hypertension 

Renal biopsies / autopsies 



Guzik et al.  JEM 204;2449-60, 2007 

Ang II Sham 

CD3 

AII-induced HBP 
SSHTN Control 

Quiroz et al. 2011 

L-NAME-induced SSHTN 

Cortex  Outer medulla 

De Miguel C et al.  AJPhys 2010, 298; R1136-R1142enal 

Dahl-Salt sensitive  L-NAME-induced SSHTN 

AJPhys 2001,281:F38-F47  AJPhys 2002;282:F191-F201 

SHR 

AORTA 

KIDNEY 



7/55 patients had chronic interstitial nephritis 

British Heart Journal 1954; 16: 133 

16/37 patients had lymphocyte infiltration & scars 

Grade 

(Vasc. 

changes) 

N  cases/ N 

with L 

infiltrates (%) 

0 1/0      (0) 

I 12 /1   (8.3) 

II   17/9   (52.9) 

III    6/5    (83.3) 

iV   1 /1    (100) 

Total 16/37    (43.2) 

HUMANS 
Interstitial lymphocyte infiltrations in kidney  

biopsies of hypertensive patients treated with sympatectomy 

Union Medical de Canada 1955; 84: 1134-42 



HUMANS 

Interstitial lymphocyte infiltrations in kidney  

biopsies of hypertensive patients treated with 

sympatectomy 

Am J Pathol. 1958 August; 34(4): 685–715 





N glom CD68 +cells/mm2 

African American 
Non-Hypertensive 

951.807±268.7 3.9 (2.0-8.3) 

African American 
Hypertensive 

885.279±333.6 17.6 (9.9-31.5)*** 

White 
Non-Hypertensive 

901.011±298.3 4.8 (2.3-12.9) 

White 
Hypertensive 

841.069±291.9 
 

15.0 (7.6-26.8)*** 

Associations of Glomerular Number and Birth Weight With 

Clinicopathological Features of African Americans and Whites 

Michael D. Hughson,Glenda C. Gobe, Wendy E. Hoy, R. Davis Manning Jr, 

Rebecca Douglas-Denton, and John F. Bertram,PhD5 

American Journal of Kidney Diseases, Vol 52, No 1 (July), 2008: pp 18-28 

HUMANS  

Tubulointerstitial inflammation in renal autopsy material  

of patients with hypertension with hypertension 



Ang II-induced SSHTN 
SHR/Antiox Diet 

SHR /MMF 

Hypertension 41:341-6, 2003 

Am J Physiol (Renal) 282:F191-F201, 2002 

AJPhys Integ Comp Physiol 2001; 293, R251-R256 

Intensity of renal 
lymphocyte infiltration is 

directly correlated with the 
severity of hypertension  



Associations of Glomerular Number and Birth Weight With Clinicopathological Features of 

African Americans and Whites.  Michael D. Hughson,Glenda C. Gobe, Wendy E. Hoy, R. 

Davis Manning Jr, Rebecca Douglas-Denton, and John F. Bertram,PhD5 

American Journal of Kidney Diseases, Vol 52, No 1 (July), 2008: pp 18-28 

HUMANS  

Correlation between intensity of TI inflammation and  

severity of hypertension 



Am J Nephrol 24:587-605, 2004 

CD5 + cells 

at 3 weeks 

SHR 

WKY 

Renal lymphocyte infiltration precedes hypertension  
in the SHR 

SHR 



HYPERTENSION IS AMELIORATED BY SUPPRESION OF EARLY 

LYMPHOCYTE ACTIVATION AND HOMING  

Anteroventral third cerebral ventricle lesions  (Marvar PJ et al. Circ Res 2010; 107: 263-70)  

Suppression of the immune co-estimulatory axis (Vinh A et al. Circulation 2010; 122: 2529-37) 

Early activation 
Tissue 

Homing 

Aortic  

lymphocytes Blood Pressure 

CTLA4-Ig B7 -/- 



IL-17 promotes angiotensin II-induced hypertension 

Madhur MS et al. Hypertension 2010; 55:500-7 



IMMUNE SUPPRESSION  AMELIORATES/PREVENT  SSHTN  

Hypertens Res.  

2010;33:975-80 



…“the maintenance of elevated systemic pressure in the late phase of the 
DOCA-salt hypertension might be causally related to thymus-dependent 
vascular lesions and due to progressive ischaemia resulting from multiple 
constrictions of small intrarenal vessels.”  Svendsen UG, Acta Path 

Microbiol Scan 84:523-528, 1976 

Thymus is necessary for salt–dependent hypertension 



Inhibition of NFkB corrects HBP in SHR   
(J Pharm Exp Ther 2005, 315; 51-7) 

PDTC (100 mg.kg-1.day-1 ip) or vehicle 



ICAM-1 Expression 
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Am J Physiol  Renal   282:F191-F201, 2002 

RX No RX RX 

MMF Rx improves hypertension in the SHR  



*p<0.05, **0.01, ***p<0.001 

Am J Physiol Renal 282:F191-F201, 2002 

MMF Rx improves hypertension in the SHR (2) 



HSD ↑ T cell MMF ↓ T cell 

MMF ↓ AII MMF ↓ MAP 

MMF Rx improves hypertension in the Dahl SS  
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MMF prevents the development of LNAME-induced SSHBP 

Am J Physiol Renal 2001; 281: F38-F47 



LP-MMF 

LP-V 

C-V 

MMF corrects prenatally programmed hypertension 



Khraibi AA, Norman RA Jr, Dzielak DJ. Chronic immunosuppression attenuates hypertension in Okamoto 

spontaneously hypertensive rats. Am J Physiol 1984; 247 (Heart Circ Physiol 16): H722-H726 

CYCLOPHOSPHAMIDE AMELIORATES HYPERTENSION IN THE SHR 



CYCLOSPORIN AMELIORATES HYPERTENSION IN THE SHR 



B cells 

T cells 

JEM 204;2449-60, 2007 

Adoptive transfer 

ABSENCE OF LYMPHOCYTES  IS ASSOCIATED WITH  
RESISTANCE TO ANG II-INDUCED HYPERTENSION  



HUMANS 

MMF improves essential hypertension 

8 patients (6 females) 

50-68 years 

3 Psoriasis 

5 Rheumatoid arthritis 

3 month Rx MMF 

All essential HBP grade 1 

Normal renal function 

No change in medication 

No change in Na intake  

No change in protein intake 



Overload proteinuria causes TI immune cell infiltration  

and SS Hypertension (AJPhys Renal 2002; 283:F1132-F1141)  

PO 

PO+MMF 

Control 

PO 

PO+MF 



Hypertension in Page (cellophane-wrapped) kidney is due to 

interstitial nephritis 

FH 

FH 
FH 

FH 
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Drug induced interstitial nephritis 
Preddie DC, et al. Clin J Am Soc Nephrol  2006 ;1:718-22 

Hypertension: 5/8 patients 

Aristolochic acid nephropathy 
Yang L et al.  Nephrol Dial Transplant 2011  

Hypertension: 59.3%  of 300 patients  

Interstitial nephritis due to proton-pump inhibitors  
Torpey N et al. Nephrol Dial Transplant  2004; 19:1441-46 

Hypertension: 6/23 patients 

HIV-associated interstitial nephritis 
Parkhie SM et al. Clin J Am Soc Nephrol 2010; 5: 798-804  

Hypertension: 52% of  29 patients 

HUMANS  

Tubulointerstitial nefritis associated with hypertension (i) 



http://www.nationmaster.com/graph/mor_acu_tub_int_nep-mortality-acute-tubulo-interstitial-nephritis 




