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Autocrine or Paracrine Inflammatory Actions of
Corticotropin-Releasing Hormone in Vivo

KATIA KARALIS,*T HAJIME SANO, JEFFREY REDWINE,
SaM Listwak, RONALD L. WILDER, GEORGE P. CHROUSOSsT

Corticotropin-releasing hormone (CRH) functions as a regulator of the hypothalamic-
pituitary-adrenal axis and coordinator of the stress response. CRH receptors exist in
peripheral sites of the immune system, and CRH promotes several immune functions
in vitro. The effect of systemic immunonecutralization of CRH was tested in an
experimental model of chemically induced aseptic inflammation in rats. Intraperitoneal
administration of rabbit antiserum to CRH caused suppression of both inflammatory
exudate volume and cell concentration by approximately 50 to 60 percent. CRH was
detected in the inflamed area but not in the systemic circulation. Immunoreactive
CRH is therefore produced in peripheral inflammatory sites where, in contrast to its
systemic indirect immunosuppressive effects, it acts as an autocrine or paracrine

inflammatory cytokine.

RH WAS ORIGINALLY ISOLATED

from the hypothalamus and identi-

fied by and named for its property to
stimulate anterior pituitary secretion of
adrenocorticotropic hormone (ACTH), the
systemic hormone that regulates production
of glucocorticoids by the adrenal cortex (7).
CRH and its receptors are widely distribut-
ed in many extrahypothalamic sites of the
central nervous system (2), and this peptide
functions as a coordinator of the stress re-
sponse (3). By activating glucocorticoid and
catecholamine secretion, central nervous sys-
tem CRH participates in the suppressive
effects of stress on the immune or inflamma-
tory system (4). CRH directly stimulates
leukocytes to produce immunoregulatory
pro-opiomelanocortin (POMC)-related pep-
tides (B-endorphin, ACTH, and a-melano-
cyte-stimulating hormone) (5, 6) and to
secrete interleukin 1 (IL-1) and IL-2 (6, 7).
CRH also stimulates lymphocyte prolifera-
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tion, enhances the proliferative response of
leukocytes to lectins, and increases the
expression of the IL-2 receptor on T lym-
phocytes (8). In addition, CRH-binding
sites exist in various subpopulations of leu-
kocytes (9), and CRH immunoreactivity
and mRNA have been detected in resting
subpopulations of human white blood cells
(10). These data suggest that CRH might
have local direct effects on immune or in-
flammatory processes. We have tested the
effect of systemic immunoneutralization of
CRH on the size of a quantifiable inflamma-

Fig. 1. (A) Effect of rabbit anti-
CRH or anti-TNFa on the inflam-

matory response of Sprague-Dawley
rats to subcutaneous administration
of carrageenin (11, 12). The mean
(= SEM) volume of the inflamma-
tory exudate and concentration of
extravasated leukocytes are shown
for each treatment group. Rats were 1

Volume (ml)
N
|

tory response. Carrageenin, a seaweed poly-
saccharide, is known to elicit a chemical in-
flammatory response in rats (11, 12), which
can be quantified in terms of exudate volume
and cell concentration in the inflammatory
exudate and is sensitive to dose-dependent
suppression by glucocorticoids (12).

Male Sprague-Dawley rats were injected
intraperitoneally with neutralizing rabbit
antiserum to CRH (antd-CRH) 1 hour be-
fore they were subcutaneously injected with
carrageenin (13). Both exudate volume and
cell concentrations in the treated area were
suppressed by approximately 50 to 60%,
when compared with the responses in con-
trol rats treated first with normal saline,
normal rabbit serum, or rabbit antiserum
(anti-TSH) to thyroid-stimulating hormone
(TSH) (Fig. 1). The specific suppression of
the inflammatory response observed after
immunoneutralization of CRH had an op-
posite effect to that expected from neutral-
izadon of CRH in the hypothalamic-hy-
pophyseal portal system. The latter should
have resulted in hypoglucocorticoidism,
which enhances the inflammatory response
(12, 14). Instead, the results are compatible
with local inflammatory effects of CRH.
Direct local administration of anti-CRH
into the air pouch simultaneously with car-
rageenin suppressed the inflammatory re-
sponse to carrageenin to the same extent as
systemic administration of this antiserum
(15). Neutralizing antiserum (ant-TNFa)
to TNFa (tumor necrosis factor-a) also
suppressed inflammation (Fig. 1). TNFa is
a major autocrine or paracrine inflammatory
cytokine, which stimulates inflammation di-
rectly and by inducing the secretion of IL-1
and IL-6 (16). The effects of anti-CRH and
ant-TNFa were not additive, indicating
that the two antisera might interfere with a
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Effects of immunoneutralization of
CRH and TNFa alone or in combi-
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expressed as a percentage of control
values. Data shown are one repre-
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common aspect of the inflammatory re-
sponse (Fig. 1).

These results suggested that CRH partic-
ipates in the inflammatory process in vivo as
a local stimulatory agent. Therefore, we
examined the site of inflammation for evi-
dence of CRH production. Immunoreactive
CRH was detected in the inflamed tissues by
immunohistochemistry with an affinity-pu-
rified antibody to CRH (Fig. 2) (17). The
amount of CRH extracted from inflamma-
tory tissue was measured by radioimmuno-
assay and found to be 400 to 500 pg per
gram of wet tissue (18, 19). Similar high
concentrations of CRH are present in the rat
hypothalamus and human placenta, two
other sites of CRH production (19, 20). The
molecular size of CRH acting in inflamma-
tory sites, designated immune CRH, was
determined by radioimmunoassay of the
fractions (19) from high-performance liquid

Fig. 2. Imm

chromatography (HPLC) (21). Immune
CRH had similar chromatographic mobility
to rat or human CRH 1-41, the form pro-
duced by the hypothalamus and the human
placenta (Fig. 3). There were also immuno-
reactive bands with lower and higher mobil-
ity than CRH 1-41, indicating the presence
of precursor (or aggregate) molecules or
proteolytic fragments of CRH, respectively.

To examine whether immune CRH pro-
duced locally at the inflammatory site might
have distant endocrine effects, we measured
plasma concentrations of immunoreactive
CRH in animals treated with carrageenin or
a placebo (19). During the 7 hours after
treatment, the concentrations of plasma
CRH remained low [less than 8 to 10 pg/ml
(~10712 M)] in both groups of animals.
These concentrations are much lower than
that found in the rat hypophyseal portal
blood and are not expected to ‘produce

carrageenin (A, C, and E), or normal saline (D and F). The section shown in (A) was stained with
affinity-purified anti-CRH; (B) a section cut from same tissue block was stained with anti-CRH IgG
that was first adsorbed on a CRH-Sepharose 4B conjugate column. Magnification: (A and B), x68; (C

through F), x170. Positive staining is indicated by greenish-black deposits. Mononuclear inflamma

tory

leukocytes, tissue fibroblasts, and vascular endothelial cells with intense CRH immunostaining are
indicated by arrows in (C) and (E). Semiquantitative analysis of different cell types with a grading

0 to 4+ gave the following results: mononuclear inflammatory cells 3 to 4+ versus 0 to 0.5+,
assue fibroblasts 3 to 4+ versus 0, and vascular endothelial cells 3 to 4+ versus 0, for inflamed and

control tissues, respectively.
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Fig. 3. Characterization of immunoreactive CRH
extracted from inflamed tissues by HPLC. Ex-
tracted peptides were separated by HPLC (21),
and the amount of CRH in individual fractions
was determined by radioimmunoassay (19). Syn-
thetic human or rat CRH 1-41 eluted from this
column in the fraction indicated.
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biological responses in vivo or in vitro (22,
23). In this experimental model, CRH is
apparently an autocrine or paracrine, rather
than an endocrine, hormone; rapid metabo-
lism, strong binding to local binding pro-
teins (24), or both probably prevent CRH
from reaching biologically significant circu-
lating concentrations. CRH also has auto-
crine or paracrine functions when released
by chromaffin cells of the sympathetic gan-
glia or adrenal medulla (25) and by Leydig
cells of the testes (26).

The actual position of immune CRH in
the inflammatory cascade and the regulation
of its secretion cannot yet be discerned.
Immune CRH appears to play a role in the
initiation or propagation of the inflammato-
ry response in concert with other local fac-
tors. Its secretion may be augmented or
suppressed by agents that activate or inhibit
inflammation, respectively. For example,
streptococcal  cell wall peptidoglycan-
polysaccharide, which induces arthritis in
Lewis rats (27), also causes the expression of
immune CRH in the arthritic joints (28). In
contrast, somatostatin or ghicocorticoids
have proportional inhibitory effects on ex-
pression of immune CRH and inflammation
(29). The specific humoral regulators of im-
mune CRH, the presence of local feedback
loops, and the extent of POMC-related pep-
tide participation in CRH regulation and
actions are not known. However, immune
CRH does play a role antithetical to that of
hypothalamic CRH, perhaps providing a pe-
ripheral counterbalance in the regulation of
the inflammatory or immune response.
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Quiescent T Lymphocytes as an Inducible Virus
Reservoir in HIV-1 Infection

M. 1. Bukrinsky, T. L. Stanwick, M. P. DEMPSEY, M. STEVENSON*

To better understand the basis for human immunodeficiency virus type 1 (HIV-1)
persistence and latency, the form in which viral DNA exists in the peripheral T
lymphocyte reservoir of infected individuals was investigated. In asymptomatic indi-
viduals, HIV-1 was harbored predominantly as full-length, unintegrated complemen-
tary DNA. These extrachromosomal DNA forms retained the ability to integrate upon
T cell activation in vitro. In patients with acquired immunodeficiency syndrome
(AIDS), there was an increase in integrated relative to extrachromosomal DNA forms.
By analysis of DNA from patient lymphocyte subpopulations depleted of human
lymphocyte antigen—Dr receptor—positive cells, quiescent T cells were identified as the
source of extrachromosomal HIV-1 DNA. Thus quiescent T lymphocytes may be a
major and inducible HIV-1 reservoir in infected individuals.

HE MAJOR RESERVOIR FOR HIV-1
in the peripheral blood compartment
of infected individuals is the CD4* T
lymphocyte (1, 2). The high percentage of
cells (1 to 0.01%) within this reservoir that
contain viral DNA (2) is difficult to recon-
cile with low percentage of infected cells
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(0.01 to 0.001%) that express viral RNA at
levels detectable by in situ hybridization (3).
In addition, the gradual depletion of CD4*
T lymphocytes during disease ‘progression
(4) contrasts with the acute cytocidal nature
of HIV-1 infection of permissive T lympho-
cytes in vitro (5). These features suggest that
a small population of infected cells is per-
missive for virus replication, whereas the
majority of host cells harbor HIV-1 in a
minimally replicative yet inducible state.
The life cycle of retroviruses can be sepa-
rated into pre- and postintegration stages.
Integration of HIV-1 DNA with the host
cell genome, which depends on the activated
state of the host cell (6), must occur for a
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