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We read with interest the commentary (1) accompanying our article (2) in the October issue of the JCI. We appreciate
Michael Field’s opinion that based on our data, the concept of secretory diarrhea must be revised to include the idea that
net water secretion, or diarrhea, can occur in the absence of active ion secretion. However, we disagree with his
conclusion that TNF must affect capillary permeability or smooth muscle contractility to generate increased interstitial
pressure and a hydraulic driving force for water secretion. In contrast to Field’s suggestion, our study of 2 TNF
superfamily members, TNF and LIGHT (lymphotoxin-like inducible protein that competes with glycoprotein D for
herpesvirus entry mediator on T cells), demonstrates that water secretion occurs as a consequence of epithelial Na+
malabsorption and increased epithelial paracellular permeability. This is supported by the observation that although TNF
and LIGHT cause quantitatively similar paracellular permeability increases, only TNF causes diarrhea. The key difference
that accounts for this is that only TNF activates PKCα, thereby inhibiting Na+/H+ exchanger isoform 3 (NHE3); TNF did
not induce diarrhea when PKCα-mediated NHE3 inhibition was prevented by either pharmacological inhibitors or PKCα
knockout. Could these approaches to PKCα inhibition have also prevented PKCα-dependent changes in capillary
permeability or smooth muscle contractility? To test this we took advantage of the observation that LIGHT does […]
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Response to Clark and Kupper

I read with great interest the commentary 
by  Clark  and  Kupper  titled  Misbehaving 
macrophages in the pathogenesis of psoriasis (1) 
regarding our recently published articles in 
the JCI (2, 3). I very much appreciate this 
instructive commentary, but I feel that it 
should be put in perspective, in particular 
for readers who are not specialists in the 
field of psoriasis.

First, to date, only 2 of the 8 mouse mod-
els cited in the commentary have shown 
conclusively that T cells are required in 
order  for  the psoriasis-like skin pheno-
type to develop in the respective model. 
In these 2 models, elimination of human 
CD3+ T cells from transplanted skin of 3 
psoriatic individuals (4) or depletion of 
CD4+  T  cells  from  CD18  hypomorphic 
mice  (5)  led  to  an  improvement  of  the 
phenotype.  Three  of  the  other  mouse 
models have shown that  injection of  in 
vitro–activated T cells/CD4+ T cells into 
skin grafts (6, 7) or of MHC-mismatched 
CD4+ T lymphocytes into SCID mice (8) 
reproduces or produces a psoriasis-like 
skin phenotype. This indicates that T cells 
can be sufficient but does not prove that 
they are required for the development of 
the psoriasis-like changes in the skin.

Second, not all psoriasis patients respond 
sufficiently to cyclosporine A treatment. 
The amenability of psoriasis to cyclospo-
rine treatment is used as an argument in 
favor of a pathogenic function of T cells. 
Although cyclosporine A is one of the most 
efficient drugs in the treatment of psoriasis, 
trials and clinical experience indicate that 
a subset of patients does not sufficiently 
respond to this treatment. For example, a 
meta-analysis of 3 controlled studies in 597 
patients with severe psoriasis (9) demon-

strated that only about half of the patients 
achieved a 70% or better improvement of 
their skin symptoms with cyclosporine A. 
Moreover, cyclosporine A not only affects T 
cells but also affects many other cell types, 
e.g., monocytes/macrophages, in which it 
can inhibit the production of TNF-α (10), 
a cytokine with a known function in the 
development of psoriasis.

Third, the T cell–depleting agent denileu-
kin diftitox (ONTAK) has poor efficacy in 
the treatment of psoriasis. DAB389IL-2 is a 
fusion protein consisting of IL-2 fused to 
diphtheria toxin. It binds to cells express-
ing  the  high-affinity  IL-2  receptor  and 
causes their destruction. In a double-blind, 
placebo-controlled phase  II multicenter 
trial in patients with psoriasis, the efficacy 
of DAB389IL-2 as compared with placebo 
was minimal, and no dose-response rela-
tionship could be established (11).

Finally, although it is likely that T lym-
phocytes have important functions in the 
development  of  psoriasis,  it  seems  too 
early to conclude upon their pathogenic 
role. While a contribution of T cells may 
be critical for the development of psoriasis 
in a number of cases, any generalization of 
this concept would be premature at pres-
ent. Instead, it should be considered that 
pathogenic pathways leading to the mul-
tifaceted clinical picture of psoriasis could 
be heterogeneous and may not necessarily 
depend on 1 single cell type.
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Response to Field

We  read  with  interest  the  commen-
tary  (1) accompanying our article  (2)  in 
the October issue of the JCI. We appreci-
ate Michael Field’s opinion that based on 
our data, the concept of secretory diarrhea 
must be revised to include the idea that net 
water secretion, or diarrhea, can occur in 
the absence of active ion secretion. How-

ever, we disagree with his conclusion that 
TNF  must  affect  capillary  permeability 
or smooth muscle contractility to gener-
ate  increased  interstitial pressure and a 
hydraulic driving force for water secretion.

In  contrast  to  Field’s  suggestion,  our 
study of 2 TNF superfamily members, TNF 
and LIGHT (lymphotoxin-like inducible 

protein that competes with glycoprotein 
D  for  herpesvirus  entry  mediator  on  T 
cells), demonstrates that water secretion 
occurs as a consequence of epithelial Na+ 
malabsorption  and  increased  epithelial 
paracellular permeability. This is supported 
by the observation that although TNF and 
LIGHT cause quantitatively similar para-
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cellular permeability increases, only TNF 
causes diarrhea. The key difference that 
accounts for this is that only TNF activates 
PKCα, thereby inhibiting Na+/H+ exchang-
er isoform 3 (NHE3); TNF did not induce 
diarrhea  when  PKCα-mediated  NHE3 
inhibition was prevented by either phar-
macological inhibitors or PKCα knockout. 
Could these approaches to PKCα inhibi-
tion  have  also  prevented  PKCα-depen-
dent changes in capillary permeability or 
smooth muscle contractility? To test this 
we took advantage of the observation that 
LIGHT does not activate PKCα. LIGHT 
did cause diarrhea when PKC was activated 
pharmacologically, confirming that LIGHT 
was fully able to recapitulate TNF-like diar-
rhea when coupled with PKC activation. 
More  importantly,  direct  NHE3  inhibi-
tion,  either pharmacological or genetic, 
showed that this was the critical second 
component necessary for LIGHT to cause 
diarrhea. This was not due to inhibition 
of endothelial or smooth muscle NHE3, 
since neither tissue expresses NHE3. The 
unmistakable conclusion is that the nec-
essary role of PKCα in TNF-induced diar-
rhea is to inhibit epithelial NHE3 and not 
to effect changes in capillary permeability 
or smooth muscle contractility.

Why,  then,  is  NHE3  so  critical?  Is  it 
simply  that Na+ absorption provides an 
osmotic driving force for water absorption? 
This alone is an inadequate explanation, as 
inhibition of absorption is not necessarily 
equivalent to induction of secretion. We 
propose that loss of NHE3-mediated Na+ 
absorption  results  in  dissipation  of  the 
normal hyperosmolarity of the upper villus 
that drives water absorption (3). It then fol-

lows that increased paracellular permeabil-
ity allows Na+ to leak from tissue to lumen; 
without NHE3, Na+ cannot be reabsorbed. 
Increased epithelial paracellular permeabil-
ity may also allow water and other solutes 
to flow into the lumen, thereby compound-
ing  loss  of  the  villous  osmotic  gradient 
that drives water absorption. In terms of 
absorption, the model gains further sup-
port  from  the  observation  that  LIGHT-
induced increases in permeability enhance 
water absorption (when NHE3 is active). 
Thus, this model fully explains the data 
without the need to invoke increased inter-
stitial pressure to force water through para-
cellular or transcellular water channels.

Is  it  therefore  impossible  for  elevated 
interstitial pressure, secondary to increased 
capillary permeability or smooth muscle 
contraction, to contribute to TNF-induced 
diarrhea?  It  is  not.  However,  if  elevated 
venous or interstitial pressure were able to 
cause diarrhea by the mechanism proposed 
by Yablonski and Lifson (4) that is cited 
by Field (1), it is surprising that diarrhea 
is not a common clinical characteristic of 
patients with portal hypertension and that 
jejunal water and electrolyte transport are 
normal in these patients (5).

We therefore conclude that TNF causes 
acute diarrhea via myosin light chain kinase–
dependent increases in epithelial paracellu-
lar permeability coupled with PKCα-depen-
dent NHE3 inhibition. Although intriguing 
as a hypothesis, no data support the role 
of increased interstitial pressure physically 
squeezing water into the lumen as proposed 
by Field. However, existing models of epi-
thelial transport do provide an ample expla-
nation for the observed synergy between 

increased epithelial paracellular permeabil-
ity and Na+ malabsorption.
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