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To the Editor, 

 Hyper IgE Syndromes (HIES) represent a group of disorders whose 

genetic etiology manifests in an autosomal dominant form (AD-HIES) in the case 

of heterozygous mutations in signal transducer and activator of transcription 

(STAT) 3, or in an autosomal recessive form (AR-HIES) in the case of biallelic 

mutations in dedicator of cytokinesis (DOCK) 8, non-receptor tyrosine-protein 

kinase (TYK) 2, and phosphoglucomutase (PGM) 3 [1].  

 DOCK8 is a guanine nucleotide exchange factor for CDC42 that plays an 

important role in actin cytoskeleton rearrangement and cellular function [2, 3]. 

DOCK8 interacts with STAT3 and regulates its translocation to the nucleus. [3]. 

In human B cells, DOCK8 serves as an adaptor that links TLR9 signaling to 

STAT3 activation through a macromolecular complex that includes MyD88, Pyk2, 

Src, and Syk [4]. In the absence of DOCK8, TLR9-driven B cell proliferation and 

IgG production are impaired, but anti-CD40+IL-4-driven IgG and IgE production 

are intact [4]. Patients with DOCK8 deficiency and those with STAT3 deficiency 

have elevated levels of serum IgE [5-8], suggesting that DOCK8 and STAT3 

inhibit IgE synthesis by human B cells. These observations raise the possibility 

that the elevated levels of IgE in these two immunodeficiencies could be 

associated with defective TLR9 signaling via STAT3. We have sought to 

determine if TLR9 ligation inhibits IgE class switching by normal human B cells in 

vitro, and to examine the roles that DOCK8 and STAT3 might play in this 

process.  

 IgE isotype switching requires two signals: crosslinking of CD40 on B cells 
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by CD40L expressed on activated T cells, and the cytokine IL-4 produced by Th2 

cells [9]. We used the human B cell-specific CpG oligodeoxynucleotide (ODN) 

2006 (herein called CpG) to determine the effect of TLR9 ligation on anti-

CD40+IL-4-mediated IgE secretion by B cells. Addition of increasing 

concentrations of CpG to anti-CD40+IL-4-stimulated peripheral blood 

mononuclear cell (PBMCs) from healthy non-allergic donors resulted in 

significant inhibition of IgE secretion (Fig. 1A), but had no effect on IgG4 

secretion (data not shown), indicating that CpG specifically interferes with IgE 

production. These findings are consistent with a previous report showing that a 

synthetic CpG ODN inhibits IgE production by anti-CD40+IL-4-stimulated human 

PBMCs [10]. However, it was not clear if the ODN used in that study was B cell 

specific, or whether it acted indirectly on B cells through another cell population.  

The inhibitory effect of CpG on anti-CD40+IL-4-mediated IgE secretion 

was also observed when highly purified naïve B cells (>98% CD19+CD27-IgE-) 

were used (Fig. 1B), demonstrating that CpG acts directly on B cells to inhibit IgE 

production. Addition of CpG did not increase B cells apoptosis or affect their 

differentiation and activation programs (data not shown). These data 

demonstrate that TLR9 signaling acts directly on naïve B cells to inhibit IgE 

isotype class switching. 

  IgE isotype switching is preceded by the transcription of sterile 

Cgermline transcripts (CGLT), which is mediated by activation of STAT6 and 

NF-B [11]. It is followed by AID-dependent switch recombination, which causes 

deletional switch recombination and results in the expression of mature Cthat 
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encodes membrane and secreted forms of IgE [11]. Quantitative real time PCR 

was used to determine the levels of CGLT in naïve control B cells stimulated 

with anti-CD40+IL-4. Addition of 0.1µM CpG to naïve B cells stimulated with anti-

CD40+IL-4 resulted in a highly significant reduction in the level of the CGLT 

mRNA compared to B cells stimulated with anti-CD40+IL-4 alone (Fig. 1C). 

Addition of CpG also caused, as expected, a highly significant reduction in the 

level of the mature Vh-C transcripts that encode for IgE (Fig. 1D). These data 

demonstrate that TLR9 signaling interferes with the expression of CGLT and 

mature C transcripts by anti-CD40+IL-4-stimulated naïve B cells, leading to 

decreased IgE production.  

 To determine if DOCK8 and STAT3 play a role in TLR9-mediated 

inhibition of IgE production, we examined PBMCs from DOCK8- and STAT3-

deficient patients. The mutations in the patients studied are presented in 

Supplemental Tables E1 and E2. Addition of CpG did not result in significant 

inhibition of IgE secretion by anti-CD40+IL-4-stimulated cells from DOCK8-

deficient patients or STAT3-deficient patients (Fig. 1E, F). These findings indicate 

that DOCK8 and STAT3 are essential for TLR9-mediated inhibition of IgE 

production by anti-CD40+IL-4 stimulated cells. Because of the limited amounts of 

blood available from the patients, we were unable to examine the effect of CpG 

on their purified B cells. However, considering that the CpG we used is B cell-

specific, and given our demonstration that CpG acts directly on normal B cells to 

inhibit IgE synthesis, we conclude that DOCK8 and STAT3 are essential for 

TLR9 mediated inhibition of IgE class switching by B cells. Given that STAT3 is 
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downstream of DOCK8 in TLR9-mediated B cell activation [4], these data 

indicate that the role of DOCK8 in inhibiting IgE production by B cells depends on 

its downstream effector STAT3. It has been reported that IL -21 amplifies IgE 

production by human B cells in vitro in a STAT3-dependent manner [12]. Taken 

together with our data, this suggests that STAT3 might exist in two different 

complexes generated following TLR9 or IL-21 stimulation, which exert opposite 

effect on IgE production.  

 Microbes are a rich source of CpG oligonucleotides, and serum IgE levels 

are increased in germ free mice [13]. In patients with DOCK8 or STAT3 

deficiency, immune activation by repeated antigenic stimulation due to recurrent 

infections may drive IgE production in the absence of efficient downregulation by 

microbial CpG-mediated TLR9 activation, contributing to the hyper-IgE 

gammaglobulinemia seen in these patients.   

  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

Acknowledgements: We thank the patients, their families, and all blood donors 

for providing the samples for this study. This work was supported by a Boston 

Children’s Hospital Investigatorship Award to MJM, and USPHS RO1AI114588 to 

RSG. 

  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

References 

[1] T.H. Mogensen, Primary Immunodeficiencies with Elevated IgE, Int. Rev. 

Immunol., 35 (2016) 39-56. 

[2] Y. Harada, Y. Tanaka, M. Terasawa, M. Pieczyk, K. Habiro, T. Katakai, K. 

Hanawa-Suetsugu, M. Kukimoto-Niino, T. Nishizaki, M. Shirouzu, X. Duan, T. 

Uruno, A. Nishikimi, F. Sanematsu, S. Yokoyama, J.V. Stein, T. Kinashi, Y. 

Fukui, DOCK8 is a Cdc42 activator critical for interstitial dendritic cell 

migration during immune responses, Blood, 119 (2012) 4451-4461. 

[3] S. Keles, L.M. Charbonnier, V. Kabaleeswaran, I. Reisli, F. Genel, N. Gulez, 

W. Al-Herz, N. Ramesh, A. Perez-Atayde, N.E. Karaca, N. Kutukculer, H. Wu, 

R.S. Geha, T.A. Chatila, Dedicator of cytokinesis 8 regulates signal 

transducer and activator of transcription 3 activation and promotes TH17 cell 

differentiation, J. Allergy Clin. Immunol., 138 (2016) 1384-1394 e1382. 

[4] H.H. Jabara, D.R. McDonald, E. Janssen, M.J. Massaad, N. Ramesh, A. 

Borzutzky, I. Rauter, H. Benson, L. Schneider, S. Baxi, M. Recher, L.D. 

Notarangelo, R. Wakim, G. Dbaibo, M. Dasouki, W. Al-Herz, I. Barlan, S. 

Baris, N. Kutukculer, H.D. Ochs, A. Plebani, M. Kanariou, G. Lefranc, I. Reisli, 

K.A. Fitzgerald, D. Golenbock, J. Manis, S. Keles, R. Ceja, T.A. Chati la, R.S. 

Geha, DOCK8 functions as an adaptor that links TLR-MyD88 signaling to B 

cell activation, Nature immunology, 13 (2012) 612-620. 

[5] K.R. Engelhardt, S. McGhee, S. Winkler, A. Sassi, C. Woellner, G. Lopez-

Herrera, A. Chen, H.S. Kim, M.G. Lloret, I. Schulze, S. Ehl, J. Thiel, D. 

Pfeifer, H. Veelken, T. Niehues, K. Siepermann, S. Weinspach, I. Reisli, S. 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

Keles, F. Genel, N. Kutukculer, Y. Camcioglu, A. Somer, E. Karakoc-Aydiner, 

I. Barlan, A. Gennery, A. Metin, A. Degerliyurt, M.C. Pietrogrande, M. 

Yeganeh, Z. Baz, S. Al-Tamemi, C. Klein, J.M. Puck, S.M. Holland, E.R. 

McCabe, B. Grimbacher, T.A. Chatila, Large deletions and point mutations 

involving the dedicator of cytokinesis 8 (DOCK8) in the autosomal-recessive 

form of hyper-IgE syndrome, J. Allergy Clin. Immunol., 124 (2009) 1289-1302 

e1284. 

[6] S.M. Holland, F.R. DeLeo, H.Z. Elloumi, A.P. Hsu, G. Uzel, N. Brodsky, A.F. 

Freeman, A. Demidowich, J. Davis, M.L. Turner, V.L. Anderson, D.N. Darnell, 

P.A. Welch, D.B. Kuhns, D.M. Frucht, H.L. Malech, J.I. Gallin, S.D. 

Kobayashi, A.R. Whitney, J.M. Voyich, J.M. Musser, C. Woellner, A.A. 

Schaffer, J.M. Puck, B. Grimbacher, STAT3 mutations in the hyper-IgE 

syndrome, N. Engl. J. Med., 357 (2007) 1608-1619. 

[7] Y. Minegishi, M. Saito, S. Tsuchiya, I. Tsuge, H. Takada, T. Hara, N. 

Kawamura, T. Ariga, S. Pasic, O. Stojkovic, A. Metin, H. Karasuyama, 

Dominant-negative mutations in the DNA-binding domain of STAT3 cause 

hyper-IgE syndrome, Nature, 448 (2007) 1058-1062. 

[8] Q. Zhang, J.C. Davis, I.T. Lamborn, A.F. Freeman, H. Jing, A.J. Favreau, H.F. 

Matthews, J. Davis, M.L. Turner, G. Uzel, S.M. Holland, H.C. Su, Combined 

immunodeficiency associated with DOCK8 mutations, N. Engl. J. Med., 361 

(2009) 2046-2055. 

[9] H.H. Jabara, S.M. Fu, R.S. Geha, D. Vercelli, CD40 and IgE: synergism 

between anti-CD40 monoclonal antibody and interleukin 4 in the induction of 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

IgE synthesis by highly purified human B cells, J. Exp. Med., 172 (1990) 

1861-1864. 

[10] S. Fujieda, S. Iho, Y. Kimura, H. Yamamoto, H. Igawa, H. Saito, Synthetic 

oligodeoxynucleotides inhibit IgE induction in human lymphocytes, Am. J. 

Respir. Crit. Care Med., 162 (2000) 232-239. 

[11] R.S. Geha, H.H. Jabara, S.R. Brodeur, The regulation of immunoglobulin E 

class-switch recombination, Nature reviews. Immunology, 3 (2003) 721-732. 

[12] D.T. Avery, C.S. Ma, V.L. Bryant, B. Santner-Nanan, R. Nanan, M. Wong, 

D.A. Fulcher, M.C. Cook, S.G. Tangye, STAT3 is required for IL-21-induced 

secretion of IgE from human naive B cells, Blood, 112 (2008) 1784-1793. 

[13] D.A. Hill, M.C. Siracusa, M.C. Abt, B.S. Kim, D. Kobuley, M. Kubo, T. 

Kambayashi, D.F. Larosa, E.D. Renner, J.S. Orange, F.D. Bushman, D. Artis, 

Commensal bacteria-derived signals regulate basophil hematopoiesis and 

allergic inflammation, Nat. Med., 18 (2012) 538-546. 

 

  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

Michel J. Massaad 

Boston Children’s Hospital and Harvard Medical School, Boston, MA, 02115, 

USA  

 

Brittney Cangemi 

Boston Children’s Hospital and Harvard Medical School, Boston, MA, 02115, 

USA 

 

Waleed Al-Herz 

Department of Pediatrics, Faculty of Medicine, Kuwait University, and Allergy and 

Clinical Immunology Unit, Department of Pediatrics, Al-Sabah Hospital, Kuwait 

 

Gerard LeFranc 

CNRS-Institut de Génétique Humaine et Université Montpellier 2, Montpellier, 

France 

 

Alexandra Freeman 

National Institutes of Health, Bethesda, MD, 20892, USA 

 

Sachin Baxi 

Boston Children’s Hospital and Harvard Medical School, Boston, MA, 02115, 

USA 

 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

Sevgi Keles 

Division of Pediatric Allergy and Immunology, Meram Medical Faculty, Necmettin 

Erbakan University, Konya, Turkey 

 

Ayse Metin 

Department of Pediatric Allergy and Immunology, Ankara Children's 

Hematology Oncology Training and Research Hospital, Ankara, Turkey 

 

Majid Dasouki 

Department of Pediatrics and Department of Internal Medicine, Division of 

Genetics, Endocrinology & Metabolism, University of Kansas Medical Center, 

Kansas City, KS, 66215, USA 

 

Ali Sobh 

Department of Pediatrics, Mansoura University, Mansoura, Egypt 

 

Maria Kanariou 

Department of Immunology, "Aghia Sophia" Children's Hospital, Athens, Greece 

 

Nashat Al-Sukaiti 

Department of Pediatrics, Allergy and Clinical Immunology Unit, Royal Hospital, 

Muscat, Oman 

 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

Ahmet Ozen 

Faculty of Medicine, Division of Pediatric Allergy and Immunology, Marmara 

University, Istanbul, Turkey 

 

Hans D. Ochs 

Department of Pediatrics, University of Washington, and Seattle Children's 

Research Institute, Seattle, WA, 98101, USA 

 

Talal A. Chatila 

Boston Children’s Hospital and Harvard Medical School, Boston, MA, 02115, 

USA 

 

John P. Manis 

Division of Transfusion Medicine, and Department of Pathology, Harvard Medical 

School, Boston, MA 02115, USA 

 

Raif Geha 

Boston Children’s Hospital and Harvard Medical School, Boston, MA, 02115, 

USA 

Corresponding author’s Email: raif.geha@childrens.harvard.edu 

  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

Figure legend 

Fig. 1. CpG inhibits anti-CD40+IL-4-mediated secretion of IgE by cells 

from healthy subjects, but not from patients with DOCK8 or STAT3 

deficiency. A, B. CpG inhibition of IgE secretion by normal peripheral blood 

mononuclear cells (A) or naïve B cells (B) stimulated with anti-CD40+IL-4. The 

results are expressed as percentage IgE in the supernatants of cultures 

stimulated with anti-CD40+IL-4 alone, set at 100%. C, D. Effect of CpG 2006 

(0.1µM) on CGLT (C) and Vh-C (D) mRNA expression by normal B cells   

stimulated with anti-CD40+IL-4, as determined by qPCR. CGLT mRNA (C) and 

Vh-C mRNA (D) were normalized to GADPH mRNA, and the  results were 

expressed as a percentage of these ratios compared to their percentage in B 

cells stimulated with anti-CD40+IL-4 alone, set at 100%. E, F. CpG inhibition of 

IgE secretion by peripheral blood mononuclear cells from patients with DOCK8 

(E) or STAT3 (F) deficiency stimulated with anti-CD40+IL-4. The results are 

expressed as percentage IgE in the supernatants of cultures stimulated with anti -

CD40+IL-4 alone, set at 100%. N=15 in (A), 7 in (B), 9 in (C), 5 in (D), 8 in (E), 

and 6 in (F). Significance was calculated using the correlation function (A, B, E, 

F) and student t test (C, D) of GraphPad Prism. *, p<0.05; ***, p<0.0001; ns, not 

significant.  
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