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Abstract

Immunodeficiency disorders are usually associated with infections,
autoimmune cytopenias, lymphoma and other malignancies. Primary
immunodeficiencies (PIDs) are genetically determined and can be
hereditary; secondary immunodeficiencies, on the other hand, are acquired and
are usually related to environmental factors, diseases and medications.The three
forms of PIDs in which hematologic disorders and autoimmune cytopenias
are particularly common are: autoimmune lymphoproliferative syndrome
(ALPS), common variable immune deficiency (CVID), and selected forms
of combined immunodeficiencies characterized by “leaky” defects in T cell
development. In addition, hematologic malignancies have also been reported
in immunodeficiency patients, with the higher incidence being reported in PID
patients. This review chapter discussed in details all these issues according to
the updated literature.
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1. Introduction

Immune deficiencies are categorized as primary immune deficiencies or secondary
immune deficiencies. Primary immune deficiencies (PID) are "primary" because the immune
system is the primary cause and most are genetic defects that may be inherited. Secondary
immune deficiencies are so called because they have been caused by other conditions [1].
Secondary immune deficiencies, also known as acquired immunodeficiencies, are common
and can occur as part of another disease or as a consequence of environmental factors or
certain medications [2]. The most common secondary immune deficiencies are caused by aging,
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malnutrition, certain medications and some infections, such as human immunodeficiency virus
(HIV).

Hematologic abnormalities are common in patients with immunodeficiency. Although
primary immunodeficiencies (PIDs) are typically marked by increased susceptibility to
infections, autoimmune cytopenias are recognized as an important component of several
forms of PID [3]. Cytopenias result from the development of autoantibodies that bind to
and destroy blood cells. Various mechanisms have been implied in the pathophysiology of
autoimmune cytopenias in these patients, including defective negative selection of autoreactive
T lymphocytes in the thymus, defects in the number and/or function of regulatory T cells,
impaired apoptosis of autoreactive lymphocytes, breakage of tolerance due to increased load
or decreased clearance of apoptotic cells and pathogens, and increased homeostatic lymphoid
proliferation and cytokine secretion associated with lymphopenia [4,5].

2. Immunodeficiencies and Cytopenias

The three forms of primary immunodeficiencies (PIDs) in which autoimmune cytopenias
are particularly common are: autoimmune lymphoproliferative syndrome (ALPS), common
variable immune deficiency (CVID), and selected forms of combined immunodeficiencies
characterized by “leaky” defects in T cell development [6]. While autoimmune manifestations
are not typically part of the clinical features observed in patients with severe combined
immunodeficiency (SCID), cytopenias have been described in some forms. Autoimmune
cytopenias are also very common in patients with the Wiskott-Aldrich syndrome (WAS) and
with hyperIgM syndromes, as reported in several case series studies [7-9].

3. Autoimmune Lymphoproliferative Syndrome

Autoimmune lymphoproliferativesyndrome (ALPS)includesagenetically heterogeneous
group of disorders characterized by lymphadenopathy, splenomegaly, autoimmune cytopenias,
and increased occurrence of lymphoid malignancies associated with defective apoptosis
[10]. Most often ALPS is due to genetic defects that affect the apoptosis extrinsic pathway, such
as mutations in CD95 (TNFRSF6), or more rarely in CD95L (TNFSF6), caspase 8, or caspase
10 [11-14]. These defects can be inherited as autosomal-dominant or autosomal-recessive
traits; however, somatic mutations in CD95 have been also reported, providing evidence that
impairment in Fas-mediated apoptosis confers a selective advantage to mutated cells that
tend to accumulate with time. In addition to these ALPS-causing genetic defects, a significant
number of patients with clinical and immunological features of ALPS carry no known gene
defects. Some of them show impaired Fas-mediated apoptosis, but others do not, suggesting
that defects in other apoptosis-triggering pathways may also be involved. Indeed, one patient
with an activating mutation in the NRAS gene, leading to a defect in IL-2 starvation-induced
apoptosis, has been described [15-17].
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The characteristic feature of ALPS patients is a high percentage of circulating
TCRop" CD4~ CD8" double negative (DN) T cells that express a restricted T-cell receptor
(TCR) repertoire that may possibly recognize self-antigens. It has been hypothesized that these
DN T cells represent T lymphocytes targeted to Fas-mediated apoptosis. Overall, an increased
proportion of DN T cells and elevated plasma levels of IL-10 and FAS-L represent useful
biological markers of ALPS [18].

Autoantibodies, most commonly anticardiolipin or direct Coombs antibodies,
were detected in up to 80% of patients with ALPS. Autoimmune hemolytic anemia and
thrombocytopenia have been observed in 23% to 51% of the patients in different series, and
autoimmune neutropenia is also common (19%-27%) [19,20]. Importantly, autoimmune
cytopenias may mark the clinical onset of the disease, even in the absence of signs of lymph
proliferation. Accordingly, patients with Evans syndrome should always be evaluated for ALPS
[21,22].

The autoimmune cytopenias of ALPS are often severe and refractory to treatment.
For these reasons, splenectomy has frequently been used in the past in the management of
ALPS; however, this approach carries significant risks of sepsis. Successful results have
been reported with mycophenolate mofetil (MMF) and sirolimus. Use of rituximab, with
the intent to ablate autoreactive B cells, has been associated with neutropenia and persistent
hypogammaglobulinemia [23,24].

4. Common Variable Immune Deficiency

Common variable immune deficiency (CVID) includes a heterogeneous group of
conditions characterized by reduced levels of serum immunoglobulins and primary antibody
failure [25]. Genetic defects in TACI (TNFRST13B), ICOS, BAFF-R and CD19 account only
for a minority (15%-20%) of cases of CVID; the molecular pathophysiology of the remaining
cases remains undefined and could be polygenic. Increased susceptibility to bacterial infections
is a hallmark of CVID and was a prominent cause of death until immunoglobulin substitution
therapy, antibiotic prophylaxis and prompt treatment of infections came into clinical practice,
permitting prolonged survival and a better definition of the incidence of non-infectious
complications in CVID [25, 26]. Autoimmune manifestations occur in a substantial proportion
of patients with CVID, ranging from about 22% to 48% in different series from different
countries. They are more frequent among patients with granuloma, with up to 50% of these

patients suffering from autoimmune manifestations [26].

Among autoimmune manifestations, cytopenias are particularly common and (especially
in the case of immune thrombocytopenic purpura or autoimmune hemolytic anemia) may mark
the onset of the disease. The prevalence of hematological autoimmune manifestations was

reported in some studies as high as 11%, with the immune thrombocytopenic purpura being the
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most frequent cytopenias [27]. Compared to general population, the prevalence of autoimmune
cytopenias among patients with CVID is 100 to 1000 fold higher [26]. The occurrence of
autoimmune cytopenias in CVID does not correlate with organ-specific autoimmunity, but tends
to correlate with splenomegaly. A reduced number of CD4* CD25" Foxp3* cells, associated
with lower levels of Foxp3 expression, have also been recently reported in patients with CVID
with autoimmune manifestations [26].

Autoimmune cytopeniasare particularly common among patients with CVID withreduced
numbers of switched memory B cells and an increased proportion of CD19" CD2 1% lymphocytes
[28]. The presence of TACI mutations represents another risk factor for autoimmune
cytopenias. Increased serum levels of BAFF and APRIL have been observed in patients with
CVID and could support expansion and antibody secretion by autoreactive B-cell clones [29].
Lower proportions of circulating CD8" lymphocytes were also found to be associated with

autoimmunity [26].
5. Severe Combined Immune Deficiency

Severe combined immune deficiency (SCID),alsoknownasalymphocytosis, Glanzmann—
Riniker syndrome, severe mixed immunodeficiency syndrome [30], and thymic alymphoplasia
comprises a heterogeneous group of genetically determined disorders that are characterized by
the virtual absence of T cells and severe numerical and/or functional B-cell deficiency [30,31].
Therefore, as rule autoimmune manifestations are not parts of the clinical features observed in
patients with SCID. However, genetic defects that severely compromise, but do not abrogate,
T and B cell function may also result in an increased occurrence of autoimmunity, including
cytopenias. The molecular and cellular mechanisms that account for autoimmunity in “leaky”
forms of SCID are the focus of a series of recent studies. B-cell hyper-reactivity, with aberrant
T cell-mediated immune regulation, may play a role [32]. Additional mechanisms may include
impaired lymph stromal cross-talk in the thymus, with defective expression of autoimmune
regulator (AIRE) protein and inadequate induction of Treg cells. Moreover, some forms of
SCID reflect genetic defects that affect V(D) J recombination. Hypomorphic mutations in these
genes may allow for residual T and B cell development, associated with impaired receptor
editing, thus leading to accumulation of autoreactive B cells [33].

Deficiency of purine nucleoside phosphorylase (PNP) in humans causes accumulation
of deoxyguanosine triphosphate (dGTP) that is toxic to lymphocytes, resulting in a progressive
and severe decline in the number and function of T lymphocytes, whereas in most patients B
cells are marginally affected. Although autoimmune hemolytic anemia is particularly common,
Idiopathogic thrombocytopenic purpura (ITP) and neutropenia have been also reported [34].
These complications have been attributed to B-cell hyper-reactivity resulting from a loss of
T-cell regulation [33].



Down Syndrome

6. Hematologic Malignancies and Immunodeficiency

In addition to the above mentioned hematologic abnormalities, hematologic malignancies
have also been reported in immunodeficiency patients. Increased incidences of hematologic
malignancies are reported in primary immunodeficiency (PID) patients [35]. In pediatric PID
patients, the overall risk for cancer development is estimated to range from 4-25%, of which
60% of cases are lymphomas of B-cell origin with NHL being the greatest contributor [36].

Common variable immune deficiency (CVID) patients have an overall increased
lymphoma incidence, suggesting that B- and T-cell function and interplay contribute to
immunological surveillance against lymphoma development. A significantly increased risk of
non-Hodgkin lymphoma was found in CVID patients [37]. Among relatives of patients with
CVID, however, no increase in the risk was found, suggesting that the increased incidence in
patients with CVID is related to the immunodeficiency itself rather than other genetic traits
shared by relatives [37].

Wiskott-Aldrich syndrome (WAS) is an X-linked, combined immune-deficiency caused
by mutations in the WAS protein, which is an important actin cytoskeleton regulator
of hematopoietic cells [38]. A patient with WAS usually presents with thrombocytopenia from
infancy, eczema and progressive immunodeficiency. In this disease, up to 90% of cancers consist
of frequently EBV-positive lymphoma or leukemia. Predisposition to these malignancies very
likely involves both NK-cell and T-cell activation defects [39,40]. Although SCID has been
associated with malignancy, of which Non-Hodgkin Lymphoma (NHL) is again the greatest
contributor, these patients usually not survive beyond 1 year without treatment due to severe
infections.

The majority of cancers in patients with PID is of hematologic origin and is moreover
associated with infection with oncogenic viruses; such as the human papillomavirus (HPV),
human immunodeficiency virus (HIV) and the Epstein-Barr virus (EBV) results in the
transduction of copies of the viral genome into cellular genes that can activate proto-oncogenes,
inactivate tumor suppressor cells or stimulate growth factors. Of these viruses, EBV appears to
be an important co-factor for the development of PID-associated lymphomas [41,42].

EBV infection causes polyclonal activation and proliferation of B-cells. Immunity
against this virus is primarily carried out by CD8" cytotoxic T-cells and to a lesser degree by
other immune mechanisms such as humoral responses or natural killer cell activity. Thus, PIDs
with T-cell dysfunction are expected to be particularly susceptible to EBV-related lymphomas
[41].

In HIV, it 1s well known that CD4 lymphocyte counts are decreased during disease
progression. However, other hematologic manifestations are not well known, and these
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manifestations are affected by the country and ethnicity of patients. HIV itself can cause
hematological manifestations. The viral gene products of HIV can indirectly influence survival
and growth of hematopoietic progenitors [43,44].

The most important malignancies associated with HIV infection are the Kaposi sarcoma
(KS), aggressive B-cell NHL, and cervical cancer. These three malignancies are considered
AIDS-defining conditions by the Centers for Disease Control and Prevention [44,45]. A major
feature of these cancers in HIV-infected persons is their association with immune-suppression.
For KS and NHL subtypes, risk increases as the CD4 count declines. This association with CD4
count has not been apparent for cervical cancer, although HIV-infected women with low CD4
counts have an elevated risk of persistent human papilloma virus infection and progression
to pre-cancerous cervical lesions, compared to women with higher CD4 counts [45, 46]. In
pediatric patients, HI'V co-infection is a strong predisposing factors for KS development (also
known as epidemic or iatrogenic KS), while classic KS in childhood is rare [36].

7. References

1. Porta F, Forino C, De Martiis D. Stem cell transplantation for primary immunodeficiencies”. Bone Marrow Transplant.
2008; 41 Suppl 2: S83-86.

2. Chinen, J. and Shearer, W. Secondary Immunodeficiencies, including HIV infection’, Journal of Allergy and Clinical
Immunology 2010;125(2):195-203.

3. Bussone G, Mouthon L. Autoimmune manifestations in primary immune deficiencies. Autoimmun Rev. 2009;8:332-
336.

4. Zufferey A, Kapur R, Semple JW. Pathogenesis and Therapeutic Mechanisms in Immune Thrombocytopenia (ITP).
Andrés E, ed. Journal of Clinical Medicine. 2017;6(2):16. Doi: 10.3390/jcm6020016.

5. Seidel MG. Autoimmune and other cytopenias in primary immunodeficiencies: pathomechanisms, novel differential
diagnoses, and treatment. Blood. 2014;124(15):2337-2344. Parvaneh N, Casanova JL, Notarangelo LD, Conley ME.
Primary immunodeficiencies: a rapidly evolving story. J Allergy Clin Immunol. 2013;131(2):314-323.

6. Schurman SH, Candotti F. Autoimmunity in WiskottAldrich syndrome. Curr Opin Rheumatol. 2003;15:446-453.

7. Dupuis-Girod S, Medioni J, Haddad E, et al. Autoimmunity in Wiskott-Aldrich syndrome: risk factors, clinical
features, and outcome in a single-center cohort of 55 patients. Pediatrics. 2003;111:¢622-¢627.

8. Durandy A, Revy P, Imai K, Fischer A. Hyper-immunoglobulin M syndromes caused by intrinsic B-lymphocyte
defects. Immunol Rev. 2005;203:67-79.

9. Su HC, Lenardo MJ. Genetic defects of apoptosis and primary immunodeficiency. Immunol Allergy Clin North Am.
2008;28:329-351.

10. Rieux-Laucat F, Le Deist F, Hivroz C, et al. Mutations in Fas associated with human lymphoproliferative syndrome
and autoimmunity. Science. 1995;268:1347-1349.

11. Del-Rey M, Ruiz-Contreras J, Bosque A, et al. A homozygous Fas ligand gene mutation in a patient causes a new
type of autoimmune lymphoproliferative syndrome. Blood. 2006;108:1306-1312.

12. Chun HJ, Zheng L, Ahmad M, et al. Pleiotropic defects in lymphocyte activation caused by caspase-8 mutations lead

6



Down Syndrome

to human immunodeficiency. Nature. 2002;419:395-399.

13. Wang J, Zheng L, Lobito A. Inherited human caspase 10 mutations underlie defective lymphocyte and dendritic cell
apoptosis in autoimmune lymphoproliferative syndrome type II. Cell. 1999;98:47-58.

14. Holzelova E, Vonarbourg C, Stolzenberg MC. Autoimmune lymphoproliferative syndrome with somatic Fas
mutations. N Engl J Med. 2004;351: 1409-1418.

15. Dianzani U, Bragardo M, DiFranco D. Deficiency of the Fas apoptosis pathway without Fas gene mutations in
pediatric patients with autoimmunity/ lymph proliferation. Blood. 1997;89:2871-2879.

16. Oliveira JB, Bidére N, Niemela JE. NRAS mutation causes a human autoimmune lymphoproliferative syndrome.
Proc Natl Acad Sci USA. 2007;104:8953- 8958.

17. Worth A, Thrasher AJ, Gaspar HB. Autoimmune lymphoproliferative syndrome: molecular basis of disease and
clinical phenotype. Br J Haematol. 2006;133:124-140.

18. Sneller MC, Dale JK, Straus SE. Autoimmune lymphoproliferative syndrome. Curr Opin Rheumatol. 2003;15:417-
421.

19. Kwon SW, Procter J, Dale JK, Straus SE, Stroncek DF. Neutrophil and platelet antibodies in autoimmune
lymphoproliferative syndrome. Vox Sang. 2003;85:307-312.

20. Fleisher TA. The autoimmune lymphoproliferative syndrome: an experiment of nature involving lymphocyte
apoptosis. Immunol Res. 2008;40:87-92.

21. Rischewski JR, Kiihne T, Imbach P, Ehl S. Evans syndrome and idiopathic thrombocytopenic purpura in families:
consider autoimmune lymphoproliferative disease. Pediatr Blood Cancer. 2008;50:1295-1296.

22. Teachey DT, Greiner R, Seif A, et al. Treatment with sirolimus results in complete responses in patients with
autoimmune lymphoproliferative syndrome. Br J Haematol. 2009;145:101-106.

23.Rao VK, Price S, Perkins K. Use of rituximab forrefractory cytopenias associated with autoimmune lymphoproliferative
syndrome (ALPS). Pediatr Blood Cancer. 2009;52:847-852.

24. Abbott, Jordan K.; Gelfand, Erwin W. Common Variable Immunodeficiency: Diagnosis, Management, and Treatment.
Immunol Allergy Clin N Am. 2015; 35: 637-658.

25. Chapel H, Lucas M, Lee M, et al. Common variable immunodeficiency disorders: division into distinct clinical
phenotypes. Blood. 2008;112:277-286.

26. Westerberg LS, Klein C, Snapper SB. Breakdown of T cell tolerance and autoimmunity in primary immunodeficiency-
-lessons learned from monogenic disorders in mice and men. Curr Opin Immunol. 2008;20:646- 654.

27. Warnatz K, Wehr C, Dréager R. Expansion of CD19(hi)CD21 (lo/neg) B cells in common variable immunodeficiency
(CVID) patients with autoimmune cytopenia. Immunobiology. 2002;206:502-513.

28. Knight AK, Radigan L, Marron T, Langs A, Zhang L, Cunningham-Rundles C. High serum levels of BAFF, APRIL,
and TACI in common variable immunodeficiency. Clin Immunol. 2007;124:182-189.

29. Ronald P, Jean L, Joseph L. Dermatology: 2-Volume Set. St. Louis: Mosby, 2007.

30. Burg M, Gennery AR. Educational paper: The expanding clinical and immunological spectrum of severe combined
immunodeficiency. Eur J Pediatr 2011; 170: 561-571.

31.Buckley R. Molecular defects in human severe combined immunodeficiency and approaches to immune reconstitution”.
Annu Rev Immunol. 2003; 22: 625-655.



Down Syndrome

32. Haq lJ, Steinberg LJ, Hoenig M. GvHD-associated cytokine polymorphisms do not associate with Omenn syndrome
rather than T-B- SCID in patients with defects in RAG genes. Clin. Immunol. 2007;124 (2): 165-169.

33. Rich KC, Arnold WJ, Palella T, Fox IH. Cellular immune deficiency with autoimmune hemolytic anemia in purine
nucleoside phosphorylase deficiency. Am J Med. 1979;67:172-176.

34. Engels EA. Non-AIDS-defining malignancies in HIV-infected persons: etiologic puzzles, epidemiologic perils,
prevention opportunities. AIDS (London, England). 2009;23(8):875-885.

35. Verhoeven D, Stoppelenburg AJ, Meyer-Wentrup F, Boes M. Increased risk of hematologic malignancies in primary
immunodeficiency disorders: opportunities for immunotherapy.Clin Immunol. 2018;190:22-31.

36. Filipovich AH, Mathur A, Kamat D, Shapiro RC. Primary immunodeficiencies: genetic risk factors for lymphoma.
Cancer Res.1992;52:5465s-5467s

37. Derry JM, Ochs HD, Francke U. Isolation of a novel gene mutated in Wiskott—Aldrich syndrome. Cell. 1994;78:635-
644.

38. Thrasher AJ, Kinnon C. The Wiskott—Aldrich syndrome. Clin Exp Immunol. 2000 Apr; 120(1): 2-9.
39. Schurman SH, Candotti F. Autoimmunity in WiskottAldrich syndrome. Curr Opin Rheumatol. 2003;15:446-453.

40. Chang Y, Moore PS, Weiss RA. Human oncogenic viruses: nature and discovery. Philosophical Transactions of the
Royal Society B: Biological Sciences. 2017;372(1732):20160264. doi:10.1098/rstb.2016.0264.

41. Rezaei N, Hedayat M, Aghamohammadi A, Nichols KE. Primary immunodeficiency diseases associated with
increased susceptibility to viral infections and malignancies. J Allergy Clin Immunol. 2011 Jun;127(6):1329-1341.

42. Besson C, Goubar A, Gabarre J, et al. Changes in AIDS-related lymphoma since the era of highly active antiretroviral
therapy. Blood. 2001;98(8):2339-2344.

43. Dunleavy K, Wilson WH. How I treat HIV-associated lymphoma. Blood. 2012;119(14):3245-3255.

44. Park LS, Hernandez-Ramirez RU, Silverberg MJ, Crothers K, Dubrow R. Prevalence of non-HIV cancer risk factors
in persons living with HIV/AIDS: a meta-analysis. AIDS2016; 30(2):273-291

45. Dryden-Peterson S, Bvochora-Nsingo M, Suneja G. HIV Infection and Survival among Women with Cervical
Cancer. Journal of Clinical Oncology. 2016;34(31):3749-3757.

46. Liu G, Sharma M, Tan N, Barnabas RV. HIV-positive women have higher risk of human papilloma virus infection,
precancerous lesions, and cervical cancer. AIDS. 2018 Mar 27;32(6):795-808.



