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W Abstract

Background: Common variable immunodeficiency (CVID) is a heterogeneous group of disorders characterized by decreased serum
immunoglobulin levels and increased susceptibility to recurrent bacterial infections. There is increasing evidence that the type 1 helper T
cell (Ty1)/T42 cell balance is shifted towards a T 1-type immune response in patients with CVID. This study was performed to measure levels
of soluble CD26 (sCD26) and CD30 (sCD30) as plausible markers of a dysregulated immune response in a group of patients with CVID.
Methods: Twenty-five patients with CVID and 20 age- and sex-matched controls were enrolled in this study. A sandwich enzyme-linked
immunosorbent assay was used to measure serum sCD26 and sCD30 levels.

Results: The mean (SD) serum sCD26 level was significantly higher in patients with CVID than in controls (88.47 [59.82] ng/mL vs 28.31
[25.61] ng/mL, P=.001). Serum sCD30 levels were also significantly higher in patients with CVID than in controls (196.37 [169.71] ng/mL vs
30.72 [12.98] ng/mL, P<.001). Analysis of serum sCD30 levels in association with different clinical variables indicated that patients with
splenomegaly and malignancy had significantly higher levels than patients without these disorders. However, serum sCD30 levels did not
differ with bronchiectasis or autoimmunity.

Conclusions: The presence of increased serum levels of sCD26 and sCD30 in patients with CVID suggests that CVID patients have a
polarized immune response towards a Ty1-like phenotype, whereas the association between high levels of these markers and disease
severity suggests that the soluble form could be used as a prognostic tool in CVID.
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M Resumen

Antecedentes: La inmunodeficiencia comUn variable (IDCV) constituye un grupo heterogéneo de alteraciones caracterizado por una
disminucion en el nivel de inmunoglobulinas séricas y un incremento en la susceptibilidad para sufrir infecciones bacterianas recurrentes.
Existen evidencias que confirman que los pacientes con IDCV muestran una alteracion del balance Th1/Th2 hacia una respuesta tipo Th1.
En este estudio cuantificamos los niveles de CD26 soluble (sCD26) y CD30 (sCD30) como posibles marcadores de una respuesta inmune
alterada en un grupo de pacientes con IDCV.

Meétodos: Se incluyeron 25 pacientes con IDCV y controles con edad y sexo similar, a los que se cuantificd mediante un ELISA los niveles
de CD26 soluble y CD30.

Resultados: Los niveles medios de sCD26 en pacientes con IDCV fueron 88.47+59.82 ng/mL, significativamente mas altos que en los
controles 28.31+25.61 ng/mL (p =0.001). Los niveles de sCD30 en pacientes con IDCV fueron también mayores que en los controles
(196.37+169.71 ng/mL vs. 30.72+12.98 ng/mL, p <0.001). El anélisis de los niveles de sCD30 en asociacién con diferentes variables
clinicas indicaron que los pacientes con esplenomegalia y neoplasias eran mas altos en comparacién con los que no presentaban estas
asociaciones. No se encontaron asociaciones de los niveles de sCD30 con la presencia de bronquiectasias o autoinmunidad.
Conclusiones: La elevacion de sCD26 y sCD30 en pacientes con IDCV podria sugerir la hipdtesis de una respuesta inmune polarizada
al fenotipo Th1, y la asociacion de niveles elevados de estos marcadores con la severidad de la enfermedad puede involucrar a estos
marcadores como una herramienta Util en el prondstico de la IDCV.

Palabras clave: Inmunodeficiencia comdn variable. Pronéstico. CD26 soluble. CD30 soluble.

J Investig Allergol Clin Immunol 2013; Vol. 23(2): 120-124 © 2013 Esmon Publicidad



Soluble CD26 and CD30 in CVID 121

Introduction

Common variable immunodeficiency (CVID) is a
heterogeneous group of diseases characterized by low
levels of 2 or more immunoglobulin (Ig) isotypes (IgG,
IgA, or IgM), impaired functional antibody responses, and
increased susceptibility to recurrent bacterial infections, as
well as autoimmunity, granulomatous diseases, and neoplasia
[1,2]. Although CVID is the most frequent clinical primary
immunodeficiency and has been studied for over 5 decades,
the underlying genetic etiology remains largely unknown.

The characteristic immune defect in CVID is believed to be
impaired differentiation of B cells into plasma cells, with the
result that hypogammaglobulinemia is a consistent finding in
patients with this syndrome. However, several studies revealed
a variety of defects in the B cells and T cells of affected
patients [3-10]. Dipeptidyl peptidase IV (DPPIV/CD26)
is a multifunctional type II transmembrane ectopeptidase
expressed in several tissues; in the hematopoietic system it is
predominantly expressed by T cells [11]. It has been suggested
that high levels of expression of CD26, or increased levels
of its soluble form (sCD26), would indicate a type 1 helper
T cell (Ty1)-like immune response [12,13]. However, no data
are available for CVID patients.

The surface antigen CD30, a member of the tumor
necrosis factor receptor superfamily, is a type I transmembrane
glycoprotein that is usually expressed in activated T and B
lymphocytes and natural killer cells under normal conditions [ 14].
However, the immunologic function of CD30* T cells remains
largely unknown. The soluble form of the molecule (sCD30) is
released into the bloodstream after cellular activation, and its
level has been found to be closely related to expression of CD30*
T cells [15]. Increased sCD30 levels have been demonstrated in
a variety of viral infections, inflammatory disorders, and selected
lymphoid malignancies [14]. However, little information is
available concerning sCD30 levels in patients with CVID and the
possible correlation between sCD30 levels and clinical markers
that indicate disease severity. We previously showed that patients
with CVID had high titers of sCD30, which increased further in
those with splenomegaly and malignancy [16].

In the present study, we examined serum sCD26 and sCD30
levels in patients with CVID and their association with clinical
indices of disease severity. Given the highly heterogeneous
clinical manifestations and immunological phenotypes
in CVID, improved immunological characterization and
classification of patients would help to identify the genetic
defects underlying this disease.

Materials and Methods

Patients and Controls

We performed a cross-sectional study of 25 patients with
CVID who were regularly evaluated and receiving monthly
intravenous immunoglobulin (IVIG) substitution therapy at
the Children’s Medical Center Hospital, the Pediatrics Center
of Excellence in Tehran, Iran. Twenty age- and sex-matched
healthy volunteers were recruited as controls.
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All patients were diagnosed according to the diagnostic
criteria of the International Union for Immunological Societies
Scientific Committee for primary immunodeficiency diseases
[17]. Patients included were free of infections at the time
of study and during the 6 months before sample collection.
Samples were collected immediately before IVIG infusion,
with 3-4 weeks between infusions. The study protocol was
approved by the local institutional review board. Written
informed consent was obtained from the participants.

Serum sCD26 and sCD30 Assays

Serum samples were drawn from each participant and
stored at —70°C until assayed. Serum sCD26 and sCD30
concentrations were measured using commercially available
enzyme-linked immunosorbent assay (ELISA [Bender
MedSystems]). Optical density was determined at 450
nm using an ELISA microplate reader. sCD26 and sCD30
concentrations were read from the standard curve generated
using the recombinant human sCD26 and sCD30 provided
with the assay kit.

Statistical Analysis

The statistical analysis was performed using SPSS version
14.0 (SPSS Inc). Parametric and nonparametric variables were
presented as mean (SD) and median (range), respectively. The
Mann-Whitney test and Wilcoxon signed rank test were used
to compare variables between groups. A P value <.05 was
considered statistically significant.

Results

Patient Characteristics

Twenty-five patients with CVID and a median age of
20 years whose first manifestations were during childhood
(43.5 [9] months) were included in this study. Mean serum
1gG, IgM, and IgA levels were 165.1 mg/dL, 27.3 mg/dL,
and 7.6 mg/dL, respectively. Mean percentages of CD19* B
cells and CD3* T cells were 11.9% and 70.6%, respectively.
Eleven patients (44%) had a CD4*/CD8* T-cell ratio of
less than 1. Upper and lower respiratory tract infections (6
pneumonia, 4 otitis media, and 3 sinusitis) and diarrhea (8
cases) were the most common presentations in these patients.
Other presentations included osteomyelitis, failure to thrive,
cutaneous infection, and omphalitis. Seven patients developed
bronchiectasis. Splenomegaly was detected in 10 patients.
Autoimmune disorders and malignancies were reported in 6
and 4 cases, respectively.

Soluble CD26

The mean serum sCD26 level was significantly higher in
patients with CVID than in the control group (88.47 [59.82]
ng/mL vs 28.31 [25.61] ng/mL; P=.001, chi-square test).

Soluble CD30
Serum sCD30 levels in patients with CVID were
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significantly higher than in the controls (196.37 [169.71] ng/mL
vs 30.72 [12.98] ng/mL; P<.001). It should be noted that whilst
none of the healthy controls had a sCD30 titer >60 ng/mL, only
1 CVID patient had a sCD30 titer <60 ng/mL.

Clinical Implications of sCD26 and sCD30

Association studies of different clinical phenotypes with
sCD26 levels revealed that serum sCD26 level does not
correlate with disease severity in patients with CVID. Seven
patients developed bronchiectasis with a mean sCD26 level
of 120.34 (68.87) ng/mL, which was higher than in patients
without bronchiectasis (76.07 [53.34] ng/mL), although this
difference was not significant. Serum sCD26 levels did not vary
with splenomegaly, autoimmunity, or malignancies.

Analysis of serum sCD30 levels in association with
different clinical variables indicated that patients who had
splenomegaly had significantly higher levels than those who did
not (288.18 [232.19] ng/mL vs 135.17 [68.41] ng/mL, P=.002).
Indeed, mean serum sCD30 level in patients with malignancy
was 354.25 [347.27] ng/mL, which was significantly higher
than in those without malignancy (166.30+102.64 ng/mL)
(P<.001). However, serum sCD30 levels did not vary with
bronchiectasis or autoimmunity.

Discussion

CVID is a heterogeneous group of disorders caused by
a variety of inherited genetic defects with specific clinical
manifestations and immunological abnormalities [18-21],
the characterization of which would help to identify common
defects at the cellular and molecular levels, and ultimately,
the responsible genes.

In the present study, we found higher serum sCD26 and
sCD30 concentrations in patients with CVID than in healthy
controls. In addition, the results indicated that higher sCD26
and sCD30 levels correlated with indicators of disease
severity, ie, bronchiectasis and splenomegaly, respectively.
We recently reported the results of a study in which patients
with CVID had increased serum sCD30 levels; the highest
serum sCD30 levels were detected in the group of patients
with splenomegaly and lymphoma [16]. The results of the
present study are consistent with and extend the findings of
our previous study by demonstrating an association between
serum sCD26 and sCD30 levels and secondary complications
in patients with CVID.

Cell surface expression of CD26 is upregulated in human
activated lymphocytes by interleukin (IL) 12 and IL-2 [12,
22] and correlates with the production of interferon (IFN) vy
[13]. These results indicate that high levels of expression of
CD26 antigen correlate with a Ty1-like phenotype. Indeed, a
soluble form of CD26, which lacks the cytoplasmic tail and
transmembrane region, has been used in several studies as
an activation marker for in vivo evaluation of Ty1-dominant
diseases [23]. In contrast, decreased sCD26 levels have been
demonstrated in rheumatoid arthritis [24], Crohn disease [25],
and systemic lupus erythematosus [26], in which decreased
serum sCD26 levels correlated with disease severity.
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There is increasing evidence that the Ty 1/Tx2 cell balance
is shifted toward a Tyl-type immune response in patients
with CVID. Martinez-Pomar et al [27] reported significantly
increased serum IL-12p40 subunit levels in this population.
In CVID, increased production of the Ty1 cytokine IFN-y was
observed in the CD8*CD28* cytotoxic T-cell subset [28], and
lipopolysaccharide-stimulated CD14* monocytes expressed
a higher proportion of intracellular IL-12—positive cells [29].
Moreover, the idiopathic inflammatory bowel disease observed
in patients with CVID was associated with excessive Tyl
cytokine production in lamina propria mononuclear cells
[30]. In contrast, defective expression of the /L2 and IFNG
genes was observed in response to antigen, but not to anti-
CD3 [31], and the lack of a significant difference in IL-2 and
IFN-y production in vitro [32] and in the serum of patients
with CVID compared to healthy controls [10] might argue
against the above findings. Our results for increased sCD26
levels lend further support to a potential Ty1-biased immune
response in patients with CVID. However, the possibility of
characteristic immunological abnormalities in subgroups of
CVID patients should not be ruled out.

CD30 antigen was once known to be an activation marker
of T-cell clones that was able to produce Ty2-type cytokines;
however, the results of functional studies on purified CD30*
T cells indicated that CD30 is an important costimulatory
molecule for maintaining the physiological balance between
Tul/Ty2 immune responses by integrating Tyl- and Ty2-
specific cytokine production and Bcl-2 molecule expression
[33-35]. It has been postulated that lack of CD30 signaling may
enable development of Ty 1- or Ty2-mediated diseases and that
increased sCD30, as has been demonstrated in a variety of viral
infections and inflammatory disorders [14], could blunt the
CD30/CD30L interaction, thus further enhancing Ty1 and T2
immune responses. Here, we report increased sCD30 levels in
patients with CVID, which are consistent with our previous
findings [10], further indicating that the Ty 1/Ty2 imbalance is
implicated in the pathogenesis of CVID.

The correlation between serum sCD26 and sCD30 levels
and clinical indices of disease severity indicate that these
biomarkers, in combination with phenotyping of circulating
lymphocyte subsets, can be used as a prognostic tool in clinical
practice. However, long-term follow-up studies are required
to further support this conclusion.

Acknowledgments
This study was supported by a grant from the Tehran

University of Medical Sciences and Health Services (90-01-
30-12854).

References

1. Aghamohammadi A, Parvaneh N, Rezaei N. Common variable
immunodeficiency: a heterogeneous group needs further
subclassification. Expert Rev Clin Immunol. 2009;5:629-31.

2. Aghamohammadi A, Farhoudi A, Moin M, Rezaei N, Kouhi A,
Pourpak Z, Yaseri N, Movahedi M, Gharagozlou M, Zandieh F,

© 2013 Esmon Publicidad



Soluble CD26 and CD30 in CVID 123

10.

11.

12.

13.

14.

15.

Yazadni F. Arshi S, Mohammadzadeh |, Ghazi BM, Mahmoudi
M, Tahaei S, Isaeian A. Clinical and immunological features of
65 Iranian patients with common variable immunodeficiency.
Clin Diagn Lab Immunol. 2005;12:825-32.

. Aghamohammadi A, Moin M, Kouhi A, Mohagheghi MA,

Shirazi A, Rezaei N, Tavassoli S, Esfahani M, Cheraghi T, Dastan
J, Nersesian J, Ghaffari SR. Chromosomal radiosensitivity
in patients with common variable immunodeficiency.
Immunobiology. 2008;213:447-54.

. Nourizadeh M, Aghamohammadi A, Moazzeni SM, Mahdavi

M, Jalili A, Rezaei N, Hadjati J. Altered dendritic cell function
in response to sera of common variable immunodeficiency
patients. Inflamm Res. 2007;56:527-32.

. Rezaei N, Aghamohammadi A, Nourizadeh M, Kardar GA,

Pourpak Z, Zare A, Read RC. Cytokine production by activated T
cells in common variable immunodeficiency. J Investig Allergol
Clin Immunol. 2010;20:244-51.

. Rezaei N, Aghamohammadi A, Read RC. Response to

polysaccharide vaccination amongst pediatric patients with
common variable immunodeficiency correlates with clinical
disease. Iran J Allergy Asthma Immunol. 2008;7:231-4.

. Rezaei N, AghamohammadiA, Siadat SD, Moin M, Pourpak Z, Nejati

M, Ahmadi H, Kamali S, Norouzian D, Tabaraei B, Read RC. Serum
bactericidal antibody responses to meningococcal polysaccharide
vaccination as a basis for clinical classification of common variable
immunodeficiency. Clin Vaccine Immunol. 2008;15:607-11.

. Rezaei N, Siadat SD, Aghamohammadi A, Moin M, Pourpak

Z, Norouzian D, Mobarakeh JI, Aghasadeghi MR, Nejati M,
Read RC. Serum bactericidal antibody response 1 year after
meningococcal polysaccharide vaccination of patients with
common variable immunodeficiency. Clin Vaccine Immunol.
2010;17:524-8.

. Vodjgani M, Aghamohammadi A, Samadi M, Moin M, Hadjati

J, Mirahmadian M, Parvaneh N, Salavati A, Abdollahzade S,
Rezaei N, Srrafnejad A. Analysis of class-switched memory B
cells in patients with common variable immunodeficiency
and its clinical implications. J Investig Allergol Clin Immunol.
2007;17:321-8.

Rezaei N, Aghamohammadi A, Kardar GA, Nourizadeh M,
Pourpak Z. T- helper 1 and 2 cytokine assay in patients with
common variable immunodeficiency. J Investig Allergol Clin
Immunol. 2008;18:449-53.

Gorrell MD, Gysbers V, McCaughan GW. CD26: a multifunctional
integral  membrane and secreted protein of activated
lymphocytes. Scand J Immunol. 2001;54:249-64.

Salgado FJ, Vela E, Martin M, Franco R, Nogueira M, Cordero
0J. Mechanisms of CD26/dipeptidyl peptidase IV cytokine-
dependent regulation on human activated lymphocytes.
Cytokine. 2000;12:1136-41.

Willheim M, Ebner C, Baier K, Kern W, Schrattbauer K, Thien
R, Kraft D, Breiteneder H, Reinisch W, Scheiner O. Cell surface
characterization of T lymphocytes and allergen-specific T cell
clones: correlation of CD26 expression with T(H1) subsets. J
Allergy Clin Immunol. 1997;100:348-55.

Horie R, Watanabe T. CD30: expression and function in health
and disease. Semin Immunol. 1998;10:457-70.

Kadin ME. Regulation of CD30 antigen expression and
its potential significance for human disease. Am J Pathol.
2000;156:1479-84.

© 2013 Esmon Publicidad

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Rezaei N, Haji-Molla-Hoseini M, Aghamohammadi A,
Pourfathollah AA, Moghtadaie M, Pourpak Z. Increased serum
levels of soluble CD30 in patients with common variable
immunodeficiency and its clinical implications. J Clin Immunol.
2008;28:78-84.

Primary immunodeficiency diseases. Report of an IUIS Scientific
Committee. International Union of Immunological Societies.
Clin Exp Immunol. 1999;118 Suppl 1:1-28.

Aghamohammadi A, Abolhassani H, Moazzami K, Parvaneh
N, Rezaei N. Correlation between common variable
immunodeficiency  clinical  phenotypes and  parental
consanguinity in children and adults. J Investig Allergol Clin
Immunol. 2010;20:372-9.

Mohammadi J, Liu C, Aghamohammadi A, Bergbreiter A,
Du L, Lu J, Rezaei N, Amirzargar AA, Moin M, Salzer U, Pan-
Hammarstrom Q, Hammarstrom L. Novel mutations in TACI
(TNFRSF13B) causing common variable immunodeficiency. J
Clin Immunol. 2009;29:777-85.

Rezaei N, Aghamohammadi A, Shakiba Y, Mahmoudi M, Jalali
A, Moradi B, Amirzargar AA. Cytokine gene polymorphisms in
common variable immunodeficiency. Int Arch Allergy Immunol.
2009;150:1-7.

Rezaei N, Amirzargar AA, Shakiba Y, Mahmoudi M, Moradi
B, Aghamohammadi A. Proinflammatory cytokine gene
single  nucleotide polymorphisms in common variable
immunodeficiency. Clin Exp Immunol. 2009;155:21-7.
Cordero 0J, Salgado FJ, Vinuela JE, Nogueira M. Interleukin-12-
dependent activation of human lymphocyte subsets. Immunol
Lett. 1998;61:7-13.

Seitzer U, Scheel-Toellner D, Hahn M, Heinemann G, Mattern T,
Flad HD, Gerdes J. Comparative study of CD26 as a Th1-like and
(D30 as a potential Th2-like operational marker in leprosy. Adv
Exp Med Biol. 1997;421:217-21.

Busso N, Wagtmann N, Herling C, Chobaz-Peclat V, Bischof-
Delaloye A, So A, Grouzmann E. Circulating CD26 is negatively
associated with inflammation in human and experimental
arthritis. Am J Pathol. 2005;166:433-42.

Hildebrandt M, Rose M, Ruter J, Salama A, Monnikes H,
Klapp BF. Dipeptidyl peptidase IV (DP IV, CD26) in patients
with inflammatory bowel disease. Scand J Gastroenterol.
2001;36:1067-72.

Kobayashi H, Hosono O, Mimori T, Kawasaki H, Dang NH,
Tanaka H, Morimoto C. Reduction of serum soluble CD26/
dipeptidyl peptidase IV enzyme activity and its correlation with
disease activity in systemic lupus erythematosus. J Rheumatol.
2002;29:1858-66.

Martinez-Pomar N, Raga S, Ferrer J, Pons J, Munoz-Saa |, Julia
MR, de Gracia J, Matamoros N. Elevated serum interleukin (IL)-
12p40 levels in common variable immunodeficiency disease
and decreased peripheral blood dendritic cells: analysis of
IL-12p40 and interferon-gamma gene. Clin Exp Immunol.
2006;144:233-8.

North ME, Webster AD, Farrant J. Primary defect in CD8+
lymphocytes in the antibody deficiency disease (common
variable immunodeficiency): abnormalities in intracellular
production of interferon-gamma (IFN-gamma) in CD28+
(‘cytotoxic’) and CD28- (‘suppressor’) CD8+ subsets. Clin Exp
Immunol. 1998:;111:70-5.

Cambronero R, Sewell WA, North ME, Webster AD, Farrant J. Up-

J Investig Allergol Clin Immunol 2013; Vol. 23(2): 120-124



124

M Mahmoudi, et al

30.

31

32.

33.

34.

regulation of IL-12 in monocytes: a fundamental defect in common
variable immunodeficiency. J Immunol. 2000;164:488-94.
Mannon PJ, Fuss 1), Dill S, Friend J, Groden C, Hornung R, Yang
Z,Yi C, Quezado M, Brown M, Strober W. Excess IL-12 but not
IL-23 accompanies the inflammatory bowel disease associated
with common variable immunodeficiency. Gastroenterology.
2006;131:748-56.

Fischer MB, Hauber I, Vogel E, Wolf HM, Mannhalter JW, Eibl
MM. Defective interleukin-2 and interferon-gamma gene
expression in response to antigen in a subgroup of patients
with common variable immunodeficiency. J Allergy Clin
Immunol. 1993;92:340-52.

Pons J, Ferrer JM, Martinez-Pomar N, Iglesias-Alzueta J,
Matamoros N. Costimulatory molecules and cytokine production
by T Iymphocytes in common variable immunodeficiency
disease. Scand J Immunol. 2006;63:383-9.

Pellegrini P, Berghella AM, Contasta I, Adorno D. CD30 antigen:
not a physiological marker for TH2 cells but an important
costimulator molecule in the regulation of the balance between
TH1/TH2 response. Transpl Immunol. 2003;12:49-61.

Pellegrini P, Totaro R, Contasta |, Berghella AM, Carolei A,
Adorno D. CD30 antigen and multiple sclerosis: CD30, an
important costimulatory molecule and marker of a regulatory

J Investig Allergol Clin Immunol 2013; Vol. 23(2): 120-124

35.

subpopulation of dendritic cells, is involved in the maintenance of
the physiological balance between TH1/TH2 immune responses
and tolerance. The role of IFNbeta-1a in the treatment of multiple
sclerosis. Neuroimmunomodulation. 2005;12:220-34.

Contasta |, Berghella AM, Pellegrini P, Adorno D. Passage from
normal mucosa to adenoma and colon cancer: alteration of
normal sCD30 mechanisms regulating TH1/TH2 cell functions.
Cancer Biother Radiopharm. 2003;18:549-57.

I Manuscript received July 14, 2012; accepted for
publication September 28, 2012.

Nima Rezaei

Research Center for Inmunodeficiencies
Children’s Medical Center Hospital

Dr. Qarib St, Keshavarz Blvd

Tehran 14194, Iran

E-mail: rezaei_nima@tums.ac.ir

© 2013 Esmon Publicidad





