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Chemical pancreatectomy: an unconventional approach
to preventing autodigestion in pancreatitis
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Chronic pancreatitis

Picture yourself in a hospital room where
your son has been admitted with pancre-
atitis. This is his third attack, and he is
only 11 years old. You should know what
to expect since his father and uncle suffer
bouts of excruciating abdominal pain and
diabetes from an inherited form of chronic
pancreatitis. A doctor enters and says, “We
are going to inject acetic acid into his pan-
creatic duct.” Instinctively, you reply, “You
are going to do what?”

Chronic pancreatitis is a debilitating
disease characterized pathologically by
inflammation, atrophy, and fibrosis of
the pancreas and clinically by recurrent
abdominal pain, pancreatic enzyme insuf-
ficiency, and often, diabetes mellitus (1).
Chronic pancreatitis is most commonly
associated with excessive alcohol use,
although genetic causes, such as muta-

inflammation is particularly problematic because damage to acinar cells
causes local release of digestive enzymes, which initiate pancreatic
autodigestion. The combination of autodigestion and inflammation is
unique to pancreatitis and undoubtedly contributes to the difficulty in
devising effective treatments. In this issue of the JC/, Saleh et al. describe a
nonsurgical technique to ablate pancreatic acinar cells, thus eliminating the
source of digestive enzymes and preventing autodigestion. In mice and a
nonhuman primate model, this approach effectively reduced inflammation
and pain while preserving islet cell function. These findings support the
concept that ongoing acinar cell damage is at the root of chronic pancreatitis
and provide a possible strategy for clinical treatment.

tions in cationic trypsinogen PRSSI (2),
the (trypsin inhibitor gene SPINKI (3),
chymotrypsinogen C CTRC (4, 5), and the
cystic fibrosis gene CFTR (6, 7), along with
other polymorphisms, underlie hereditary
or “idiopathic” pancreatitis. Hereditary
pancreatitis, as exemplified in the fiction-
al case above, is notorious for its child-
hood onset and for its subjects’ increased
lifetime risk of pancreatic cancer (8). The
pathophysiology of pancreatitis involves
two fundamental processes — autodiges-
tion and inflammation — that in combina-
tion render the disease difficult to treat.
Autodigestion occurs through the pre-
mature activation of pancreatic enzymes
within the gland itself. Acinar cell necrosis
is followed by an inflammatory response
that, if unchecked, amplifies tissue dam-
age. Recurrent attacks cause chronic
pancreatitis. Longstanding, progressive
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tion occurs when more than 90% of the
gland has been destroyed (9).

The worst symptom for most patients
with chronic pancreatitis is abdominal
pain. Some patients experience repeated
episodes of pain that resemble attacks
of acute pancreatitis, but they may also
have extensive pain-free periods. In oth-
er patients, the pain is constant, but may
wax and wane in intensity. Unfortunately,
there are no specific therapies for pancre-
atitis and the mainstays of chronic pan-
creatitis pain treatment are opioid and
nonopioid analgesics, celiac plexus block,
and surgery. These approaches do noth-
ing to prevent the progression of inflam-
mation that may ultimately destroy aci-
nar cells and pancreatic islets. As a result,
digestive enzyme deficiency and diabetes
mellitus develop.

Surgery for chronic pancreatitis is
performed to relieve obstructions of the
pancreatic duct that contribute to pain or
recurrent episodes of pancreatitis or to
treat other complications, such as pseudo-
cysts, necrosis, or duct disruption. Sur-
gical pancreatectomy, usually with islet
autotransplantation (TPIAT), has been
employed as a last resort for patients with
unrelenting pain or patients at high risk for
developing pancreatic cancer (e.g., hered-
itary pancreatitis; ref. 10). Unfortunately,
even total pancreatectomy fails to amelio-
rate pain in some patients, in whom pain
pathways have already undergone central
sensitization (11).

Chemical pancreatectomy

Realizing that the autodigestive compo-
nent of pancreatitis emanates from pan-
creatic acinar cells, Saleh et al. (12), in this
issue of the JCI, report on their reasoning
that ablation of the acinar cells may elim-
inate the initiating event in pancreati-
tis. Pancreatic acinar cells are generally
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Figure 1. Pancreatic duct injection of acetic acid destroys the exocrine pancreas, but spares the islets. Saleh and colleagues injected saline or acetic acid
(0.2%) into the pancreatic duct of mice. The pancreatic histology appeared normal in saline-injected pancreas. In contrast, six months following acetic acid
injection, the acinar and duct cells appeared absent, while the islets looked healthy (12).

believed to be the target of injury in pan-
creatitis. If the acinar cell and its accom-
panying minions (digestive enzymes) were
removed, the pancreatic environment
would become less hostile and subse-
quent injury could not incite a cascade of
destructive autodigestive events.

As an alternative to surgical pancre-
atectomy, Saleh and authors chose to
access the pancreas via pancreatic duct
injection. They found that dilute acetic
acid was lethal enough to kill cells that
apposed the pancreatic duct (pancreatic
acinar cells and duct cells themselves),
but not so caustic that it destroyed more
distant cells within the gland (i.e., islets;
Figure 1). Within days of acetic acid injec-
tion, duct and acinar cells disappeared,
while pancreatic islets remained intact.
These changes were durable for at least six
months. Importantly, the authors demon-
strated that acetic acid injection effectively
ablated the exocrine pancreas in both nor-
mal mice and mice with caerulein-induced
chronic pancreatitis and ameliorated pain-
like behavior. They found that not only
were pancreatic islets preserved, but ani-
mals secreted insulin and exhibited nor-
mal glucose tolerance. Thus, it appeared
that acetic acid ablation did not adversely
affect pancreatic endocrine function. Sim-
ilarly to what occurred in mice, acetic acid
injection was also shown to ablate pancre-
atic ducts and acinar cells, yet spare the
islets, in a nonhuman primate model using

Cynomolgus macaques. The authors refer
to this technique as “chemical pancreatec-
tomy” and propose that acetic acid injec-
tion may be accomplished in humans via
endoscopic pancreatic duct injection as in
endoscopic retrograde cholangiopancrea-
tography (ERCP) (12).

At first glance, intentionally destroy-
ing the entire exocrine pancreas seems
like a bad thing to do. After all, the pan-
creas serves a useful purpose and, in the
absence of pancreatic exocrine secretion,
malabsorption of food and essential nutri-
ents leads to malnutrition and vitamin
deficiencies and, if untreated, may even
be fatal. Although pancreatic enzyme
replacement therapy ameliorates most
of these effects, rarely does it normalize
malabsorption (13). Nevertheless, many
patients with chronic pancreatitis have
exocrine insufficiency at the time of diag-
nosis, so eliminating any remaining pan-
creatic function when they already require
lifetime pancreatic enzyme therapy may
not be a prohibitive problem.

Important physiological
observations

This study provides several physiological
insights. First, it appears that pancreatic
duct and acinar cells can be permanently
destroyed by a single caustic injection. All
exocrine cells are open to the duct lumen,
where they could come into direct con-
tact with acetic acid. It is now apparent

that the regenerative capacity of the pan-
creas is eliminated when duct and acinar
cells are destroyed. Following high doses
of the cholecystokinin analogue, caeru-
lein, which kills only acinar cells (14), the
pancreas completely regenerated within
a week, indicating that acinar cells repop-
ulate, possibly from some dedifferenti-
ated acinar cells that resemble duct cells
(15-17). It appears that acetic acid instil-
lation destroyed any remaining potential-
ly regenerative cells, since neither acinar
nor duct cells were seen after six months.
Interestingly, injection of citric acid at sim-
ilar pH did not exert the same effect, so the
mechanism by which acetic acid ablates
duct and acinar cells is unknown (12).

A second important physiological
observation is that islets seem to do fine
without surrounding acinar cells (12).
Although, more detailed studies of endo-
crine function are warranted, the normal
appearance and robust insulin secretion
suggest thatislets are not adversely affected
by the destruction of exocrine cells. Retain-
ing islet function in the setting of chronic
pancreatitis is a notable achievement, since
during the natural progression of human
chronic pancreatitis, islets are damaged by
ongoing inflammation. Halting islet (par-
ticularly B cell) loss should stop, or at least
delay, the onset of diabetes mellitus.

Remarkably, in their models of chron-
ic pancreatitis, pain also appeared to be
reduced following chemical pancreatec-
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tomy (12). Although the mechanism by
which pain reduction occurs is unknown,
the authors demonstrated both improve-
ment in provoked pain responses and
reduced mRNA levels of the neuroinflam-
matory mediator, calcitonin gene-related
peptide (CGRP), in sensory dorsal root
ganglia, suggesting that the pain result-
ed from ongoing pancreatic inflamma-
tion. However, achieving similar results
in human chronic pancreatitis faces some
major hurdles. Most patients with chron-
ic pancreatitis have longstanding disease
with difficult to treat pain. Since complete
surgical removal of the pancreas fails to
relieve pain in some patients (11), it is likely
that chemical pancreatectomy would fall
short in providing relief to those individu-
als also. Perhaps it will be possible in the
future to predict those who might respond.

An unconventional approach
that just might work

To determine whether this approach may
translate to patients, clinicians will also
have to overcome a number of technical
challenges regarding the delivery of ace-
tic acid. Upon direct exposure, acetic acid
caused acinar cell necrosis and inflam-
mation that lasted for at least four weeks
(12). There is no reason to expect that iat-
rogenic pancreatitis would not also occur
in humans. Even in a controlled, clinical
settings, how physicians might manage
pancreatitis induced by acetic acid treat-
ment remains to be determined. Finally, in
some patients, the entire pancreatic duct
can be difficult to access endoscopically
due to altered anatomy, such as strictures,
pancreatic stones, and duct discontinui-
ty. Leaving any acinar cells behind would
result in an incomplete pancreatectomy
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and could limit the effectiveness of the
procedure. Even in the pristine conditions
of experimentally induced pancreatitis in
mice and macaques, it was unclear whether
all the acinar cells were destroyed. Despite
these reservations, Saleh et al. (12) present
aunique approach to a debilitating disease
for which we have very limited therapeutic
options. Should follow-up studies support
these early preclinical findings, in selected
patients, such as those with early, or who
are at risk for, chronic pancreatitis, chemi-
cal pancreatectomy is conceivable.

Now back to our story. The doctor
replies, “The injection will destroy his
pancreas, so he won’t have more attacks of
pancreatitis and he won’t develop diabe-
tes.” And it just might work.
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