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Abstract

Immune function abnormalities have been reported in patients with Fanconi anemia (FA), 

dyskeratosis congenita (DC) and, rarely, in Shwachman-Diamond syndrome (SDS) and Diamond-

Blackfan anemia (DBA), but large systematic studies are lacking. We assessed immunological 

parameters in 118 patients with these syndromes and 202 unaffected relatives. We compared 

results in patients with reference values, and with values in relatives after adjusting for age, sex, 

corticosteroid-treatment and severe bone marrow failure (BMF). Adult patients (≥18 years) with 

FA had significantly lower immunoglobulins (IgG, IgA and IgM), total lymphocytes and CD4 T-

cells than reference values or adult relatives (p<0.001); children with FA had normal values. Both 

children and adults with FA had lower B- and NK-cells (p<0.01) than relatives or reference 

values. Patients with DC had essentially normal immunoglobulins but lower total lymphocytes 

than reference values or relatives, and lower T-, B- and NK-cells; these changes were more 

marked in children than adults (p<0.01). Most patients with DBA and SDS had normal 

immunoglobulins and lymphocytes. Lymphoproliferative responses, serum cytokine levels, 

including TNF-α and IFN-γ, and cytokine levels in supernatants from phytohemagglutinin-

stimulated cultures were similar across patient groups and relatives. Only patients with severe 

BMF, particularly those with FA and DC, had higher serum G-CSF and Flt3-ligand and lower 

RANTES levels compared with all other groups or relatives (p<0.05). Overall, immune function 

abnormalities were seen mainly in adult patients with FA, which likely reflects their disease-
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related progression, and in children with DC, which may be a feature of early-onset severe disease 

phenotype.
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Introduction

Inherited bone marrow failure syndromes (IBMFS) comprise a heterogeneous group of rare 

cancer-prone genetic disorders with hematologic and physical abnormalities. The four major 

IBMFS are Fanconi anemia (FA), dyskeratosis congenita (DC), Diamond-Blackfan anemia 

(DBA), and Shwachman-Diamond syndrome (SDS). Patients with IBMFS often develop 

bone marrow failure (BMF) with resultant single- or multi-lineage cytopenias. They also 

have increased risks of myelodysplastic syndrome (MDS), acute leukemia, and specific solid 

tumors 1. Subtle immunologic abnormalities have been reported in each of these syndromes, 

without correlation with disease status 2–5.

FA is the most frequently studied syndrome. Earlier reports of immune function in FA 

included small numbers of cases, measured only a few parameters, and/or did not address 

differences in immune function in relation to patient ages or cancer history 6–12. The number 

of recent comprehensive immunological studies is small and findings inconsistent 13–16. The 

most frequent immune abnormalities reported are low B and NK cell numbers or decreased 

NK cell activity 4,15,16. Myers et al. found normal immunoglobulin IgG in children with 

FA 16, while Kortoff et al. studied patients with FA with severe BMF and reported low 

serum IgG and IgM, and high serum interleukin (IL)-6 and transforming growth factor 

(TGF)-β, and low soluble CD40 ligand 15. Justo et al. described elevated plasma levels of 

IL-10, tumor necrosis factor (TNF)-α and interferon (IFN)-γ, but normal TGF-β in a subset 

of patients with FA 13. Dufour et al. studied bone marrow mononuclear cells from patients 

with FA and reported increased expression of inflammatory cytokines TNF-α and IFN-γ 8. 

Matsui et al. observed increased sensitivity of bone marrow monocytes from FA and other 

IBMFS patients to lower dose (0.001 μg/mL) lipopolysaccharide stimulation than Dufour et 

al., resulting in a relative increase in TNF-α, IL-6 and IL-1β levels only at low dose 17.

Immune abnormalities reported in patients with DC include lymphopenia, variable levels of 

immunoglobulins, reduced T, B or NK cells, and diminished or absent responses to 

phytohemagglutinin 2,18–21. Patients with the Hoyeraal-Hreidarsson (HH) variant of DC 

may present with immunodeficiency, in addition to cerebellar hypoplasia, microcephaly, 

intrauterine growth retardation, and early onset aplastic anemia, as well as extremely short 

telomeres 22,23. Studies of immune function in DBA and SDS are limited to small numbers 

of patients and suggest hypogammaglobulinemia, lymphopenia and decreases in specific 

lymphocyte subsets in nearly half of the patients tested 3,5,24.

The pathophysiology of immune abnormalities in patients with IBMFS is unclear, since the 

germline mutations involve diverse pathways: DNA repair in FA, telomere biology in DC, 

and ribosome biogenesis in DBA, SDS and DC. Several mechanisms may be involved in 
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immunodeficiency in IBMFS, such as defective hematopoietic cellular development as an 

integral component of the genetic syndrome, or increased apoptosis and/or immune 

dysregulation as a cause or consequence of an altered cytokine milieu related to 

inflammation and oxidative stress. Inflammation and oxidative stress have been associated 

with an increased risk of cancer in the general population 25,26 and have been proposed to be 

important mechanisms in the pathogenesis of BMF in FA 27.

The aim of this study was to comprehensively examine qualitative and quantitative 

immunologic findings in a cohort of well-characterized IBMFS patients of all ages, and 

compare those with each other and with age-matched unaffected relatives. We determined: 

1) serum immunoglobulin levels and lymphocyte phenotypes, 2) serum cytokine profiles, 

and 3) lymphoproliferative responses and cytokine secretion by peripheral blood 

mononuclear cells (PBMCs) among case and control groups. We evaluated associations 

between abnormalities in immune parameters and age, and with adverse events such as 

severe BMF or prevalent cancers. We present raw data, and summary data for groups after 

adjustment for variables known to influence immune responses, including age, sex, 

corticosteroid-treatment, and severe BMF.

Methods

Subjects

The participants were untransplanted patients with FA, DC, DBA, and SDS and their 

unaffected first degree relatives, enrolled in the National Cancer Institute’s Institutional 

Review Board approved protocol [NCI Protocol 02-C-0052; NCT00027274] 28. All 

participants or their guardians provided written informed consent in accordance with Health 

and Human Services regulation 45 CFR 46.

Each IBMFS was diagnosed according to standard criteria 1 and confirmed by syndrome-

specific tests as described previously 28. All unaffected relatives were proven to be negative 

for an IBMFS by these tests. Normal blood count values were based on standard reference 

ranges for age and gender 29. BMF was defined according to clinical guidelines for the 

management of FA 30; severe: hemoglobin <8 g/dL, absolute neutrophil count <0.5 × 109/L, 

platelets <30 × 109/L, or on treatment; moderate: values below normal for age but not 

severe; or none: normal values for age.

Sample collection and processing

All blood samples were fasting and drawn in the morning. All patients and relatives were 

free of current or recent infection. Complete blood counts, serum immunoglobulins (IgG, 

IgA, IgM) and lymphocyte phenotyping (T, B and NK cells) were part of routine clinical 

testing. Abnormal immunoglobulin and lymphocyte subset values were below the 10th 

percentile or above the 90th percentile of age-established reference ranges (http://

cclnprod.cc.nih.gov/dlm/testguide.nsf). Sera and PBMCs were obtained and processed 

according to standardized procedures of the IBMFS cohort study 28 and frozen (−80°C and 

liquid nitrogen, respectively) until testing.
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Lymphoproliferation assays

Thawed PBMCs were cultured in triplicate (2×105 cells per well) in 96-well plates with or 

without stimuli as previously described 31,32. Phytohemagglutinin (PHA, T-cell mitogen) or 

pokeweed (PWM, B-cell mitogen), were used for polyclonal stimulation. Influenza A virus 

(Flu), and tetanus toxoid (Tet) were used as recall antigens, and HPV-16 L1 virus-like 

particles (VLP) were used for antigen-specific T cell responses. Cell-free supernatants were 

frozen (−80°C) to determine cytokines induced by stimulation. Cell cultures were pulsed 

with 1 μCi of 3H-thymidine (Perkin-Elmer, Wellesley, MA) for 18 hours, harvested and 

counted in an automated scintillation counter (Microbeta, Perkin-Elmer) to determine 

proliferation rates.

Cytokine determinations

Thawed serum samples and cell-free supernatants from PBMC cultures were tested in 

duplicate for 20 different cytokines and chemokines: IL-1α, IL-1β, IL-2, IL-4, IL-6, IL-7, 

IL-8, IL-10, IL-12p70, IL-17, granulocyte-macrophage colony-stimulating factor (GM-

CSF), TNF-α, monocyte chemotactic protein-1 (MCP-1), macrophage inflammatory 

protein-1α (MIP-1α), IFN-γ, G-CSF, interferon gamma-induced protein 10 (IP-10), Eotaxin, 

Flt3-ligand (Flt3L) and RANTES. The cytokine levels were determined by enzyme linked 

immunosorbent assays using Luminex-based Multiplex Human Cytokine/Chemokine 

Immunoassay kits by Millipore according to manufacturer’s guidelines. Data acquisition and 

analysis were performed using Bioplex software version 6 (Bio-Rad) as previously 

described 33. Net cytokine levels were obtained for supernatants by subtracting values in 

unstimulated cultures from values in PHA-stimulated cultures.

Statistical analyses

Data from children (age <18 years) and adults (age ≥18 years) were analyzed separately. To 

test for differences in demographic and clinical characteristics between patient groups and a 

pooled group of unaffected relatives, we used Kruskal-Wallis or Wilcoxon rank-sum tests 

for continuous variables, and Fisher’s exact test for binary variables, utilizing Stata 12 

(StataCorp, College Station, TX). Adjustment for age, sex, corticosteroid treatment and 

severe BMF was done by multivariable regression analyses using ANOVA models [SAS 

Version 8.02 (SAS Institute Inc., Cary, NC)]. Data were log-transformed. Adjustment for 

cancer did not alter the findings; thus we do not present cancer-adjusted data. P value <0.05 

was significant.

Results

Characteristics of participants

Features and disease status of the participants and treatments at the time of the study are 

summarized in Table I and in online supplementary Table Ia (children) and Ib (adults). The 

ages of patients with the four syndromes were similar. The ages among relatives of FA, DC 

and SDS patients were also similar, while relatives of DBA patients were younger (p=0.02). 

Overall, relatives were significantly older than patients (p=0.0001) because they included 

parents as well as siblings. There were relatively more females among patients with FA 
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(71%; p=0.03) and relatively more males among patients with DC (79%; p=0.0003). The sex 

ratios among relatives were essentially equal.

Children with DC and DBA were more likely to have any BMF or severe BMF than 

children with FA or SDS (p≤0.001; Supplementary Table Ia). The frequency of BMF among 

adults was similar across the syndromes (Supplementary Table Ib). Twelve children and one 

adult with DC were classified as HH variant. Two patients with FA and five with DC were 

on androgens, and 12 with DBA were on prednisone at the time of study. Six of 14 adults 

with FA (43%) had prevalent cancers: four had head and neck squamous cell carcinoma 

(HNSCC) and two had metastatic vulvar cancer. Two adults with DC had a history of 

resected HNSCC two and seven years prior to the study, and a third was in remission one 

year after treatment for acute myeloid leukemia (AML). One adult with DBA had completed 

treatment for lung SCC one year prior to study. Mutated genes were identified in 28/31 

patients with FA, 39/42 patients with DC, 26/33 patients with DBA, and 11/12 patients with 

SDS (Supplementary Table I a-b).

Serum immunoglobulins

Values of immunoglobulins, total lymphocytes and lymphocyte subsets for patients with the 

four syndromes along with age-established normal ranges are shown in Figure 1; the 

adjusted mean values and confidence intervals for patient groups and relatives (after 

adjustment for age, sex, corticosteroid-treatment and severe BMF) are included in Figure 2.

Among 26 patients with FA, six of 14 adults had low IgG (five with low IgG had cancer), 

three adults had low IgA, and six adults and three children had low IgM (Figure 1A–C). 

Eleven patients with FA had at least one low immunoglobulin value, while all 

immunoglobulins were below the normal range in three of six adults with cancer. Among 36 

patients with DC, IgG was low in only one and high in two; IgA was high in five children 

and eight adults, and IgM was low in three children and one adult. Two of 27 patients with 

DBA had low IgG; one had low IgA; IgM was normal in all. All seven patients with SDS 

had normal IgG and IgM; two had low IgA (Figure 1A–C).

After adjustment for variables, adult patients with FA as a group had significantly lower 

IgG, IgA and IgM than all adult relatives (p≤0.0001; Figure 2A–C), while children with FA 

had only lower IgM (p=0.001) than all pediatric relatives (Figure 2A–C). Among DC, both 

children and adult patients had similar IgG and IgM levels as corresponding groups of 

relatives. Adult patients with DC had higher IgA than all adult relatives or adult patients 

with other syndromes (p<0.0001; Figure 2A–C). Immunoglobulin values were within age-

established normal ranges in most patients with DBA and SDS (Figure 1A–C); however, 

both children and adult patients with DBA and SDS as groups had lower IgG than 

corresponding groups of relatives (Figure 2B; p<0.001). Children with DBA and SDS also 

had lower IgM than all pediatric relatives (p=0.001; Figure 2C).

Total lymphocyte counts

Absolute lymphocyte counts (ALC) were below normal in 10 of 29 patients with FA, 22 of 

42 with DC, eight of 32 with DBA, and one of eight with SDS (Figure 1D). After 

adjustment, adult patients with FA as a group, and children and adults with DC had lower 
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ALC than corresponding groups of relatives (p<0.001) while patients with DBA and SDS 

had similar ALC as relatives (Figure 2D).

Lymphocyte subsets

Eleven of 14 tested patients with FA had lower than normal T, B or NK cells: four had low 

CD3 T cells; three of these had low CD4 and one low CD8 T cell subsets; eight had low 

CD19 B cells, and six had low NK cells (CD16/CD56) (Figure 1 E–I). All subsets were 

reduced in two patients with FA with prevalent cancers. Twenty out of 30 patients with DC 

had below normal values of one or more lymphocyte subsets: 12 had low CD3 T cells, 12 

low CD4 and 11 low CD8 subsets, 10 had low B cells, and 10 low NK cells (Figure 1 E–I). 

All subsets were reduced in four of these patients, (three were children with the HH variant 

and one was an adult with persistent pancytopenia one-year post-treatment for AML). Seven 

of 14 patients with DBA had below normal values for at least one lymphocyte subset: two 

had low CD3 T cells, two had low CD4 and four low CD8 subsets, four had low B cells, and 

three had low NK cells. Six of these patients with low subsets were children on treatment 

(three on prednisone and three on red blood cell transfusions) and one was an adult with no 

BMF. Lymphocyte subsets were normal in patients with SDS.

In the adjusted analysis, adult patients with FA as a group had lower CD3 T cells and CD4 

subsets than relatives or adult patients with DBA and SDS (p<0.001); children with FA had 

values similar to pediatric relatives (Figure 2 E–G). Children as well as adults with FA had 

lower B and NK cells than corresponding groups of relatives (p<0.001; Figure 2 E–F). 

Patients with DC (children and adults) had lower CD3 T cells, CD4 subsets and B cells 

compared with relatives, while children with DC also had lower CD8 subsets and NK cells 

(p≤0.005 for all). Lymphocyte subsets in patients with DBA and SDS were in the same 

range as relatives except for CD8 T cell subsets which were lower in children with DBA and 

NK cells which were lower in children with DBA and SDS. Taken together, children with 

all four syndromes had lower NK cells than all pediatric relatives, but adults with FA had 

the lowest NK cells compared with all other groups (p=0.004; Figure 2I).

Overall, adult patients with FA had low immunoglobulins, total lymphocytes and 

lymphocyte subsets, while children had mostly normal values. Immunoglobulins were 

primarily within established normal ranges in patients with DC, while ALC and lymphocyte 

subsets were low, and these values were lower in children than in adults with DC, 

particularly in very young children with HH phenotype (Figure 1). Six of the seven patients 

with DBA with low lymphocyte subsets were children on prednisone or red blood cell 

transfusions. The patterns of immunoglobulins and lymphocyte abnormalities were 

generally similar in unadjusted and adjusted analyses. We did not see significant effects of 

BMF or cancer on immunoglobulins or lymphocytes.

Serum cytokines

Sera from 25 patients with FA, 32 with DC, 22 with DBA and 78 relatives were tested to 

determine circulating proinflammatory cytokine levels. IL-4 was not detected in any sample; 

IL-1α, IL-7 and IL-12p70 were detected at very low levels and in less than 25% of samples 

and were not analyzed further. The raw values and adjusted means of IL-10, IL-17, GM-
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CSF, MCP-1 and MIP-1α were similar across all syndromes and relatives (data not shown). 

Unlike previous reports, we did not find significant abnormalities in serum levels of TNF-α, 

IFN-γ or IL-6 in any of the patient groups compared with relatives in both adjusted (Figure 3 

A–C) and unadjusted analyses (Supplementary table S1a-b) 9,11,13. We did find higher levels 

of IL-8, G-CSF and Flt3L in adult patients with FA compared with adult relatives (p≤0.006) 

and higher levels of IL-8 and Flt3L in children with FA than in all pediatric relatives 

(p≤0.004) (Figure 3 D–I; Supplementary Table II a-b). Children with FA and adults and 

children with DC had lower eotaxin and RANTES levels than corresponding groups of 

relatives (p≤0.03 for all; Figure 3 H–I).

We further examined the effects of BMF and cancer on the levels of cytokines. Patients with 

FA and DC with severe BMF had higher G-CSF and Flt3L and lower RANTES levels 

compared with patients with moderate or no BMF or relatives (p≤0.05; Supplementary 

Figure 1). Because RANTES is mainly secreted by platelets 34, as expected, we found that 

lower RANTES levels correlated with lower platelet counts (p<0.001; R2 for combined FA, 

DC and DBA=0.47; Supplementary Figure 2a) (R2 for FA=0.36, DC=0.4, DBA=0.3; 

Supplementary Figure 2b). Patients with DC with severe BMF also had higher levels of 

IP-10 (p=0.01; Supplementary Figure 3). There were no significant effects of corticosteroid 

treatment (DBA) or prevalent cancers (FA) on the levels of cytokines (data not shown).

Lymphoproliferative responses

Lymphoproliferative responses to polyclonal stimuli (PHA and PWM) and standard recall 

antigens (Flu, Tet and VLP) were tested in 22 patients with FA, 21 with DC, 20 with DBA, 

10 with SDS, and 58 relatives. In the analysis of raw data, children with all four syndromes 

showed lower PHA responses than pediatric relatives (p≤0.0002 for all; Supplementary 

Table IIIa), however, there were no differences in lymphoproliferative responses in the 

adjusted analyses (Supplementary Figure 4). All adult patient groups had similar 

lymphoproliferative responses as adult relatives in both unadjusted and adjusted analyses 

(Supplementary table IIIb and Supplementary Figure 4, respectively).

Cytokine levels in supernatants from PHA-stimulated cultures

Cytokine levels in cell-free supernatants from PHA-stimulated cultures appeared to be lower 

in pediatric patient groups than in relatives in the unadjusted analyses (Supplementary table 

IV a-b); however, there were no differences in responses among patient groups and relatives 

for both children and adults in the adjusted analyses (data not shown).

Discussion

The immune status of patients with an IBMFS is not entirely clear, due to patient 

heterogeneity, small sample size, and the wide variety of assays that have been used in 

different reports. We examined the immune function profile of children and adults with the 

four most common rare IBMFS, and compared findings in children and adults with each 

other, and with unaffected relatives of comparable ages. We describe results from 

parameters typically measured in the common clinical laboratory studies, as well as 

functional assays which are less frequently investigated due to sample and technical 
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requirements. We present both raw data for individuals and summary data for groups after 

adjustment for variables known to influence immune responses. We observed abnormalities 

in multiple immune parameters most frequently in FA and DC, while patients with DBA or 

SDS had relatively normal immune markers.

Fanconi Anemia

Prior publications suggested that immunoglobulins were decreased 15 or normal 10,16 in 

patients with FA, but did not separate children and adults or adjust for other variables. In our 

study, most children with FA had normal levels of immunoglobulins, while half of the adults 

had decreased levels. Our data included patients with cancer, and although patients with 

cancer had low levels, many adults without cancer also had low values. Thus, decreased 

immunoglobulins appear to be a feature of adults with FA, both individually, and as a group 

after adjustment.

Studies by others have reported normal or decreased numbers of T cells in FA, while B cells 

were generally decreased 7,15,16. We found below normal numbers of absolute lymphocyte 

counts in one-third of children and adults with FA, but the adults as a group had lower ALC 

than normal relatives or children with FA. Similarly, adults with FA had lower numbers of 

CD3 T cells and CD4 subsets, and lower B and NK cells than relatives or children with FA, 

while children had lower B and NK cells than relatives. Our data suggest that T cell 

deficiencies develop later in life in FA while B and NK cell deficiencies may be present 

earlier. Since B-cells originate from early hematopoietic progenitors, stem cell deficits 

present early in life may contribute to low B-cell numbers in young patients 35. Furthermore, 

impaired terminal differentiation of B-cells into IgM-secreting cells may cause IgM 

deficiency 35 as was seen in 35% of our patients.

Published findings on cytokines in FA are inconsistent. Dufour et al. reported 

overexpression by marrow mononuclear cells of TNF-α and IFN-γ, negative modulators of 

hematopoiesis 8, while our previous studies of bone marrow cells did not corroborate these 

findings 17. There are also reports of increased plasma or serum levels of TNF-α and IFN-γ, 

although usually in less than half of the patients 9,13. We found no increase in TNF-α or 

IFN-γ in sera or supernatants from lymphocyte cultures in children or adults with FA. We 

did find abnormalities in some serum cytokine levels in patients with severe BMF. Patients 

with severe BMF had higher serum Flt3L and G-CSF and lower RANTES levels than those 

with no BMF. Flt3L is an early hematopoietic cytokine, the release of which may be 

triggered by stem cell deficiency, and high levels have previously been reported in FA 36. 

Likewise, G-CSF is involved in the regulation of hematopoiesis and elevated levels are seen 

in the setting of BMF in severe acquired aplastic anemia 37. RANTES is mainly platelet-

derived, and as expected, decreased levels were seen in patients with low platelet counts 34. 

Overall, these results and those from our prior studies of bone marrow 17 do not demonstrate 

generalized cytokine dysregulation in patients with FA.

Our results indicate that FA is a syndrome without consistent and substantial immunological 

abnormalities. The types of immunodeficiency vary among patients, and are not all present 

in any single individual, and when present are more common in adults than in children. In 

contrast with Korthof et al 15, our findings were adjusted for the degree of BMF, and thus 
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represent “all” FA, not just those with severe marrow failure. Further larger and longitudinal 

studies may determine whether more pronounced immunodeficiency seen in adults with FA 

is a harbinger of future malignancies.

Dyskeratosis congenita

Serum immunoglobulins were generally normal in patients with DC, although adults tended 

to have increased IgA levels. High IgA levels were reported previously in DC, but the 

reason for this is unclear 20. The majority of the children’s lymphocyte and subset numbers 

were below the normal range, while many of the adults’ values were normal, albeit at the 

low end (Figure 1). As a group, children and adults had lower lymphocytes and subsets than 

relatives (Figure 2). Unlike FA, immune alterations in DC were more marked in children 

than in adults, and most of those were very young children with HH subtype, as previously 

reported22.. DC has a highly variable and heterogeneous phenotype with most severe disease 

presentations seen in infancy and childhood whereas some adults may have milder or no 

abnormalities at all 38. We had previously shown the association of telomere length with 

disease severity in DC 23. In the present study, children with DC had significantly lower 

lymphocyte telomere length Z-scores than adults with DC (p<0.0001; data not shown) 

consistent with their early-onset severe disease phenotype. Children with DC also had more 

noticeable immunodeficiency than their adult counterparts. Thus, our results indicate that 

patients with DC with immunodeficiency are more likely to be the severely affected young 

children, as has also been reported previously19,20,22; many of whom are in the HH 

category; these patients have extremely short telomeres23. Similar to FA, we did not detect 

alteration in serum cytokines in DC except in association with severe BMF: low RANTES 

levels correlated with low platelet counts, while high serum G-CSF, Flt3L and IP-10 levels 

were seen in patients with severe BMF. Likewise, lymphoproliferative responses were 

similar in patients and unaffected relatives suggesting that most patients with DC would be 

able to mount adequate immune responses to vaccines.

Diamond-Blackfan anemia

There are no reported comprehensive studies of immune function in patients with DBA. In 

our study, the first of this nature, we found that patients with DBA had slightly lower levels 

of IgG than relatives, but within the established normal range. Adjusted lymphocyte counts, 

subset numbers, and serum cytokine levels were comparable to relatives. Although half of 

the children with DBA were on prednisone, their lymphocyte functions were normal after 

adjustment. Thus, our DBA cohort did not demonstrate significant immunodeficiency.

Shwachman-Diamond syndrome

More than half of the two dozen patients with SDS who had immune functions reported by 

others had normal results3,24. We found immunoglobulins and lymphocyte cell numbers to 

be within the normal range, although adjusted IgG was below the level in relatives. We did 

not have sufficient sera to examine cytokines or PBMC to evaluate lymphoproliferative 

responses. Our limited study suggests that immune function is not substantially altered in 

SDS.
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All syndromes

Strengths of our study are that we investigated an extensive list of immune markers in more 

than 30 patients each with FA, DC, and DBA, and 12 with SDS. We examined immune 

parameters noted to be altered by others, as well as additional markers not previously 

reported. We scrutinized the results in children separately from adults, compared patients 

with unaffected relatives, and we report both crude individual and adjusted group data. We 

also compared data across the syndromes. These studies were conducted in parallel using the 

same procedures and assays. Limitations include relatively small numbers of individuals 

within each syndrome; not all studies could be performed in all patients due to insufficient 

material. We did not have sufficient numbers of patients to permit genotype/immune 

function associations. The adults with FA included six with prevalent cancer, but no active 

treatment except surgery. The children with DC included 12 with the severe HH phenotype, 

in which immunodeficiency has been previously described 22. Our study was biased by the 

fact that those with severe disease present in childhood. It is also possible that we lacked 

samples on severely affected patients due to non-enrolment of many such patients (needing 

active treatment) on our study. This may explain some of the inconsistencies between our 

results and published reports, particularly in patients with DBA or SDS 3,5,24.

Despite these limitations, we conclude that immune abnormalities are a feature of adults 

with FA more than children, that children with DC have more severe cellular 

immunodeficiency than adults, and that DBA and SDS are mostly unaltered in these 

parameters. Our studies were not designed to identify immune mechanisms responsible for 

the development of BMF in these syndromes. It can be noted, however, that most of the 

patients with FA were not on any treatment, while half of the children with DC and DBA 

were on androgens, prednisone or transfusions. These differences were taken into account 

during adjustment of data for severe BMF.

In summary, some patients with FA do have abnormal immune functions, and this occurs 

more frequently in adults than in children. The opposite occurs in DC, perhaps reflecting a 

more severe disease phenotype early in life. No marked alterations were seen in DBA and 

SDS. Longitudinal studies will help to elucidate the evolution of immune alterations over 

time during development, and the potential role of those changes in disease prognosis and 

survival.
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Figure 1. Serum immunoglobulin and lymphocyte subsets in patients
Fanconi anemia (FA), red circles (open circles are patients with cancer); dyskeratosis 

congenita (DC), blue squares (open squares are patients with Hoyerral-Hreidarsson 

syndrome); Diamond-Blackfan anemia (DBA), black triangles; Shwachman-Diamond 

syndrome (SDS), green diamonds.

Upper and lower dotted lines represent the 90th and the 10th percentile respectively, of the 

normal ranges for age as established by the National Institutes of Health Clinical Center 

Department of Laboratory Medicine (http://cclnprod.cc.nih.gov/dlm/testguide.nsf).
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Figure 2. Comparison of serum immunoglobulins and lymphocyte subsets in patients with 
relatives
● Children; x Adults. Adjusted mean (adjusted for age, sex, treatment with corticosteroids, 

and severe bone marrow failure) and 95% confidence intervals are shown. Group 

comparisons are between children (<18 year old) with each syndrome and combined 

pediatric relatives, and between adult patients (≥18 years) with syndromes and combined 

adult relatives. *Significant (p<0.05). A) IgG levels were low in adults with FA (p<0.0001) 

and children and adults with DBA and SDS (p<0.001) compared with patients with other 

syndromes and relatives within the same age range. B) IgA levels were lower in adults with 

FA and higher in adults with DC (p<0.0001). C) All children had lower IgM than all adults 

(p=0.03). Children with FA, DBA and SDS had low IgM, as did adults with FA compared 

with relatives within the same age groups (p=0.0001). D) Absolute lymphocyte counts 

(ALCs) were low in adults with FA and in children and adults with DC (p<0.001). E and F) 

Adults with FA and children and adults with DC had low CD3 and CD4+/CD3+ T cells 

(p<0.001). G) Children with DC and DBA had low CD8+/CD3+ T cells (p=0.005). H) 

Children and adults with FA and children with DC had low CD19+ B cells (p<0.001). I) 

Children with all four syndromes as well as adults with FA had low NK cells (p=0.004).
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Figure 3. Comparison of serum cytokine levels in patients with relatives
● Children; x Adults. Adjusted mean and 95% confidence intervals are shown. Group 

comparisons are between children (<18 year old) with each syndrome and pediatric 

relatives, and between adult patients (≥18 years) with syndromes and adult relatives. A, B, 

C, D) Serum TNF-α, IFN-γ, IL-6 and IL-1β were similar in patients and relatives. E) 

Children and adults with FA had high IL-8 than relatives or patients with other syndromes 

within the same age groups (p=0.004). F) Adults with FA had high G-CSF (p=0.006). G) 

Children and adults with FA had high Flt3L (p<0.0001). H) Children and adults with DC 

had low eotaxin (p=0.03). Children with FA, and children and adults with DC had low 

RANTES (p=0.02).
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