
Letter to the Editor
Continuous G-CSF therapy for isolated chronic
mucocutaneous candidiasis: Complete clinical
remission with restoration of IL-17 secretion

To the Editor:
Patients with genetic defects in TH17 immunity suffer from re-

current infections with Candida albicans (chronic mucocutane-
ous candidiasis [CMC]).1 Candida-specific TH17 cells produce
mostly IL-17, IL-22, and IFN-g.2 IL-6, IL-23, and IL-1b contrib-
ute to the differentiation of Candida-specific TH17 cells.2

CMC can be an isolated disease transmitted as an autosomal-
recessive or autosomal-dominant form1 or part of a syndrome,
such as the hyper-IgE syndrome or the autoimmune polyendo-
crine syndrome-1. Indeed, patients with hyper-IgE syndrome
were found to have low levels of TH17 cells,3 and patients with
autoimmune polyendocrine syndrome have inhibitory autoanti-
bodies against IL-17 and IL-22.4 Recently, gain-of-function mu-
tations in STAT1 with increased production of IFN-g, impairing
IL-17 immunity, were found in most cases of autosomal-
dominant form of CMC.5

We present a female patient, now 59 years old, who has
suffered from isolated CMC for more than 33 years.6 Molecular
analysis done by us recently revealed heterozygous G821A
STAT1 coiled-coil domain mutation, which has already been
described in several patients with isolated CMC.5

The patient has 3 brothers. Two of them are completely healthy,
and 1 passed away more than 30 years ago after ‘‘a very severe
disease.’’ Aside from CMC, the patient suffers from insulin-
dependent diabetes mellitus. No other autoimmune disorders or
autoantibodies were detected during her follow-up. Following an
immunologicwork-up doneby us in 1995,6whichdemonstrated de-
pressed monocyte (IL-1 secretion) and neutrophil (chemotaxis)
functions, we started intravenous GM-CSF treatment (leucomax,
800 mg twice a week)6 and the patient went rapidly into complete
clinical remission with improvement of her monocyte and neutro-
phil functions.6 About 3 years later, because of difficulties in obtain-
ing GM-CSF, treatment was switched to twice a week 400 mg
(5 mg/kg) subcutaneous G-CSF (filgrastim). G-CSF therapy has
beencontinuedsuccessfully for the last 16years, keepingwhiteblood
cells no more than 15,000/mm3 with 80% to 90% granulocytes.

In light of the new insight regarding the pathogenesis of
isolated CMC, we looked at the proportions of the patient’s TH17
cells and at IL-17A and F and IFN-g intracellular and serum
levels, while on G-CSF, and found them within normal range
(Fig 1, A, B, and D, panel b). Thus, we stopped treatment for a
while. After 4 weeks, we observed a flare-up of all clinical find-
ings. Resumption of G-CSF treatment resulted once again in com-
plete clinical remission within 2 weeks.

Thus, and in accordance with the new knowledge of the role of
GM-CSF in IL-17 immunity,7 wewent on studying the TH17 path-
way in the patient. As can be seen (Fig 1, A-C), while on G-CSF
treatment (panels b and d), proportions of TH17 cells and levels of
IL-17A, IL-17F, IFN-g, IL-22, IL-23, and IL-2 were comparable
to those in normal controls. However, IL-6 and IL-21 levels were
significantly increased compared with normal controls (Fig 1, B
and D). When G-CSF treatment was stopped and Candida
infections recurred, a marked decrease in proportions of TH17
cells and in levels of IL-17, IL-6, IL-21, and IL-22 was found.
In addition, a significant increase in CD41 cells expressing
IFN-g and in IFN-g and IL-27 secretion was observed (Fig 1,
A-D, panel c). Resumption of G-CSF treatment, which resulted
in complete clinical remission within 2 weeks, was followed by
restoration of TH17 cell proportions, together with an increase
in IL-17, IL-6, and IL-21 secretion and marked reduction in
IFN-g and IL-27 levels (Fig 1, A and B, panel d).

We also observed treatment-dependent increased expression of
STAT3 (but not STAT1) (Fig 2, A) and treatment-independent
hyperphosphorylation of STAT1 (Fig 2, B), as seen in other cases
of STAT1 gain-of-function mutations.5 When the patient was
on-treatment, we also noticed increased expression of SOCS1
(but not SOCS3) and tyrosine-phosphorylation of STAT3
(Fig 2, B, panel b). Interestingly enough, when patient was
off-treatment, a decrease in both SOCS1 levels and STAT3
phosphorylation was noticed (Fig 2, B, panel c).

On the basis of our findings and the relevant literature,8-10 we
propose that G-CSF treatment stimulates the production of
IL-6,8 which may affect IL-17 immunity in 2 putative pathways—
activation of STAT3, which promotes TH17 cell development,
or stimulation of IL-17 secretion9 and of SOCS1 expression. The
latter results in inhibition of STAT1, which results in decreased
IFN-g secretion, and relief of TH17 suppression.
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The current report of continuous treatment with G-CSF is the
first to show complete clinical remission in the autosomal-
dominant form of isolated CMC with STAT1 gain-of-function
mutation. Other patients with isolated CMC may be considered
for this mode of treatment.
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FIG 1. Intracellular and secreted cytokines in patient and controls. Patient’s and controls’ PBMCs were

stimulated with phorbol 12-myristate 13-acetate and ionomycin. Cells were stained with antihuman CD4,

and intracellular staining was done with anti–IL-17A, IFN-g, and IL-17F. Intracellular cytokines were detected

by fluorescence-activated cell sorting analysis, and cytokines in cell lysates and serum were measured by

ELISA. Proportions of TH17 (CD41/IL-17A/F1) and CD41/ IFN-g1 cells (A) and cytokine concentrations in su-

pernatants of cell lysates (B and C) and in sera (D) are presented. Results are shown as 1 representative ex-

periment out of 3 with similar results (Fig 1, A) or as mean triplicate concentrations (6SE) of supernatant or

serum cytokines (Fig 1, B-D) (*P < .05 and **P < .005 vs control). a, Healthy controls (n 5 3); b, patient on-
treatment; c, patient off-treatment; d, resumption of patient’s treatment; e, diabetic control.
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FIG 2. Expression and phosphorylation of transcription factors in PBMCs of patient and controls. Protein

expression and tyrosine phosphorylation were detected by using standard Western blotting, whereas

relative expression of transcription factors was determined by using real-time PCR normalizing to

GADPH. Results are shown as mean of triplicates 6 SEM (A) (**P < .005 vs control), or as 1 representative

experiment out of 3 with similar results (B). a, Healthy controls (n 5 3); b, patient on-treatment; c, patient
off-treatment; d, resumption of patient’ s treatment. GAPDH, Glyceraldehyde 3-phosphate dehydrogenase.
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