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Abstract

Rheumatic diseases are, by their very nature, multisystemic entities with vast array of
possible hematologic manifestations. The mechanisms of different hematologic
manifestations tend to be complex and vary from patient to patient. The presence of a given
hematologic abnormality can, in some instances, be a prognostic factor with varying utility
in different disorders. Recent research in basic sciences has contributed to the understanding
of hematologic complications of autoimmune diseases. The aim of this work is to give a brief
overview of the latest research on the pathophysiology of hematologic manifestations in
rheumatic diseases, with epidemiologic considerations included when available. Special

attention has been paid to the pathophysiology of anemia and the challenges of its diagnosis.
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Introduction

Anemia

Anemia of chronic disease (ACD) is thought to be caused by a decreased erythropoietic
activity with slight shortening of red blood cell (RBCs) lifespan as an additional factor.
Relative erythropoietin (EPO) deficiency and resistance to EPO, either cytokine- [1] or
antibody-mediated [2] has been proposed as an important factor and its supplementation may
have therapeutic importance [3]. Much attention has been paid to the alleged role of
inflammatory cytokines in the pathogenesis of ACD, with researchers highlighting a dual,
EPO- dependent and EPO-independent mechanism through which they contribute to the
development of ACD [4]. Tumor necrosis factor (TNF) alpha has been determined to be
significantly increased in various studies on patients with ACD. A study found an overall
higher level of TNF alpha in rheumatoid arthritis (RA) subjects who had laboratory values
consistent with ACD, with hemoglobin levels that were in inverse relationship to TNF alpha
concentrations [5]. The same study showed that, in vitro, TNF alpha inhibits erythroid
colonies in both RA patients with ACD and in the control group consisting of RA patients
without ACD. This anti-erythropoietic property of TNF alpha was stronger in the ACD group
than in the control group. The inhibitory effect was effectively counterbalanced by adding
TNF alpha inhibitors to the cultures.. The same property of anti-TNF alpha antibody was
established in another study on RA patients with ACD [6] and a study that followed
ankylosing spondylitis patients receiving an anti-TNF therapy [7]. Previous studies
described the development of anemia in rats injected with TNF alpha [8] and showed that
recombinant TNF negatively influences iron uptake by macrophages, thus contributing to

the hypoferremia state that characterizes ACD [9].
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Coombs test positive patients may not necessarily have autoimmune hemolytic anemia
(AIHA) and relying on this testing alone to identify the patients with this type of anemia
leads to an overestimation [10]. Relying on reticulocyte count, around 10% of systemic lupus
erythematosus (SLE) patients were found to develop hemolytic anemia either prior to or after
their diagnosis. Most of these patients had laboratory values consistent with AIHA at the
time of their diagnosis which means it is typically an early manifestation of SLE. Patients
with severe AIHA showed higher systemic disease index SDI scores and had more
autoimmune complications, including thrombocytopenia. The occurrence of AIHA didn't
affect mortality rates in an independent manner. Due to a shortage of data, the study didn't
establish any associations between antibody titers and the occurrence of AIHA [11]
Compared to SLE patients with other types of anemia, those with AIHA have lower
haemoglobin values. The degree of anemia didn't correlate with disease activity. Patients
with AIHA frequently tested positive for both IgG and IgM aCL antibodies. Other
associations included low complement levels and presence of anti-dsDNA antibodies. The
median time in which the correction of anemia was achieved was 3 month for individuals
with AHA, which was significantly shorter than for other types of anemia. [2]. Another study
found a positive, independent correlation between AHA occurrence and 1gG aCL antibody
titers, thrombocytopenia, renal involvement and prospective risk of thrombosis. [12] AIHA
in SLE patients seems to be more common in pediatric population. Its severity is also greater
in children than in adults with SLE [13] AIHA is much less common in primary Sjogren

syndrome. One Chinese study found that AIHA accounted for 8% of total cases of anemia
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in Sjogren syndrome, with less than 1% of patients affected. Another, larger study, also from
China, found a greater prevalence of AIHA in primary Sjorgen Syndrome, determined to be
at 2,8%. Patients with AIHA differed markedly from the rest of the cohort in their clinical
presentation, with significantly fever symptoms of xerostomia and arthralgia, and more
pronounced edema, fever and liver dysfunction. They were also more likely to have other
cytopenia, but their ANA, SS-A and SS-B antibody titers didn't differ significantly from
non-AIHA group [14]

IDA can be difficult to differentiate from other causes of anemia in patients with chronic
inflammatory states, as inflammation influences classical markers of iron deficiency [15].
Functional iron deficiency, which characterizes ACD is caused by a deranged mobilization
of iron, and not by iron stores depletion. Bone marrow iron stores can be used to differentiate
between the two, but the test is cumbersome and expensive. Soluble transferrin receptor
(sTfR) and transferrin receptor- ferritin index (TfR-F index) are other valuable tools that can
be useful in establishing a correct diagnosis [16,17]. Relying on sT{R alone may be of limited
diagnostic utility, as evidenced by a study on a population of anemic RA patients [18] ACD
and IDA are not mutually exclusive and high transferrin receptor levels in patients with other
laboratory values suggestive of ACD can point to such co-occurrence [ 19]A study found that
RA patients with IDA had lower disease activity compared to ACD group, but their anemia
was worse than in ACD-RA patients [20],which is in contrast to a study on SLE population

in which IDA was characterized by the mildest severity among anemia aetiologies [2]

Platelet abnormalities
Platelet abnormalities are commonly found among patients with rheumatic diagnoses. They
include both thrombocytopenia, that feature most prominently in systemic lupus
erythematosus, primary Sjogren syndrome, antiphospholipid syndrome, dermatomyositis
and systemic scleroderma [21], and increased platelet count, most commonly seen in
rheumatoid arthritis, but also in patients with inflammatory bowel disease [22].
Both pathogenesis and clinical picture of thrombocytopenia secondary to an
autoimmune disease differ between various rheumatic diseases [23].
ITP is found in around a third of SLE patients [21,23] and can correlate with
disease activity and constitute a relevant prognostic factor for, among others,
lupus nephritis [24] and earlier death [25].
ITP 1s found more often in patients positive for dSDNA antibodies. The pathogenesis of ITP
in SLE is complex and multifactorial. Various autoimmune factors have been suggested to

play a role, among which figure anti-platelet, anti-phospholipid, anti-thrombopoietin and
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anti-CD40L antibodies [26]. SLE patients with ITP have been shown to more often present
with decreased levels of complement components, particularly C4, which may suggest a
possible implication of C4 deficiency in the pathogenesis of ITP [21]. Thrombocytopenia in
SLE patients is usually mild and doesn’t require additional treatment. In rare cases that run
a more severe course with excessive purpura formation or platelet count below <50 x10°, the
treatment of choice include glucocorticoids and, occasionally, azathioprine as a steroid-
sparing agent [26]. The research on the subject of ITP complicating the course of pSS has
thus far consisted of rare case studies, hence the unknown incidence of ITP in pSS.
Xerostomia and increased SAA levels are probably more commonly found in pSS patients
with IPS [21]. A few clinical studies have described a possible positive therapeutic effect of
intravenous immunoglobins infusions [29] and low-dose rituximab [30] in pSS patients with
IPS. Some, albeit small-scale studies show that up to one fourth of patients with
antiphospholipid syndrome (APS) have thrombocytopenia [31.32]. The pathogenesis of
thrombocytopenia in APS patients is largely unknown [33]. The treatment of
thrombocytopenia in APS patients is standard[23]. Thrombocytopenia is observed only
sporadically in patients suffering from systemic scleroderma and is thought to be causally

associated with microangiopathy [33]

Leukocytes abnormalities

Abnormalities in the number of white blood cells are common in rheumatic diseases. Both
increase and decrease in the total amount of leukocytes or of particular fractions can be
observed. One study found WBC levels to be lowered in 66% of patients suffering from
systemic lupus erythematosus (SLE) [34], while another one found leukocytopenia to be
present in 38% individuals with Sjogren syndrome [46]. Lymphopenia is the most common
abnormality in SLE, with both lympho- and neutropenia being related to high risk of
infection in the patients [36]. It has been proven that leukopenia in SLE is usually caused by
immunological factors affecting either bone marrow or peripheral blood [35]. Leukocytic
antibodies, which were found in 60-79% of all patients in one study, play an important role
in the pathogenesis of leukopenia in individuals diagnosed with SLE [37,38]. The antibodies
combine with leukocytes leading to their eventual destruction in the mechanism of ADCC
and complement related cytotoxicity. This is significant especially in patients with
lymphopenia. The antibodies were identified in a much higher percentage of the patients
with leukopenia (55.6%) as compared to the group with SLE without this abnormality [43].
The other important factor in the pathogenesis of decreased WBC count is lowered

expression of peripheral CD55 and CD59 regulating proteins. Such protein deficiency might
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cause sensitization of leukocytes and other cells to complement related lysis [39,40].
Multiple observations also reveal a strong correlation between leukopenia and elevated IFNa
levels [41]. Oke and Brauner in their study published in June 2017 elucidated the role of
IFN-A1, IFN-a and IP-10 in the pathogenesis of lupus leukopenia. The study involved 261
patients and 261 individuals forming the control group. In the experimental group the level
of these cytokines was higher in patients with stronger manifestation of the disease and
lower WBC values. Higher IFNa level was noticed mainly in patients with leukopenia,
whereas IFN-A1 in those with lymphopenia. However, in individuals with both lympho- and
leukopenia both IFN-A1 and IFN-a levels were elevated. Higher IP-10 also correlates with
leukopenia and lymphopenia. All these suggest that differing cytokine profiles have varying
effect on haematological disorders in SLE [42]. For neutropenia in SLE, certain factors were
also identified as possible causes of its prevalence. The presence of G-CSF autoantibodies
was suspected to be one of them. However, although in the study conducted by Hellmich
and Csernok the antibodies were found in the majority of patients with neutropenia in SLE,
their exact role in the pathogenesis of neutropenia was proven in single cases only. In all
other cases, no biological function of the autoantibodies was found. Nonetheless, the
research revealed a correlation between neutropenia and higher levels of both anti-G-CSF
and G-CSF. This may suggest insensitivity of other patients’ bone marrow cells to the action
of G-CSF irrespective of its elevated levels [44]. The suppression of both proliferation and
maturation of progenitor marrow cells can result from the presence of specific antibodies in
the serum. Liu, Ozaki and others revealed the presence of such antibodies and their
suppressive action on marrow cells [45]. Apart from the destruction in the peripheral blood,
these seem to be the major pathways leading to neutropenia.

As for Sjogren syndrome, hematological disorders were found in 56% of patients. In the
experimental group studied by Castor and others, 38% had leukopenia (in that, 38%
lymphopenia and 10.5% neutropenia) [46]. The reason for neutropenia remains unknown.
Greater amount of neutrophil precursors may suggest its peripheral destruction related to the
presence of antibodies. The inhibiting effect of cellular and humoral factors on the
production of neutrophils in the bone marrow or on destruction of the precursor cells is also
suspected [47].

Leukocytosis can be a laboratory manifestation of rheumatic diseases such as adult Still's
disease (ASD) [48], systemic lupus erythematosus (SLE) [49], and rheumatoid arthritis (RA)
[10]. Leukopenia, which is in correlation with disease activity in SLE [50], is not the only
laboratory results seen in this disease: leukocytosis in SLE patients may be caused either by

infection or high doses of glucocorticoid treatment [49]. In Canadian Cohort Study a
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leukocyte count of 15,000/mm3 or greater was present in 50 (81%) out of 62 patients with
ASD, whose median age of disease onset was 24 years. Leukocytosis among patients with
Still's disease was followed by normocytic and normochromic anemia in 68% of studies
cases [48]. Usually immature form of granulocytes predominate which is suggestive sepsis
[51]. A study examining bone marrow from 12 adult patients with Still’s Disease showed
marked hypoplasticity with low histiocytosis and plasmocytosis which was reflective of
myeloid hyperplasia, a possible cause of leukocytosis in patients with ASD [52]. As for the
rheumatoid arthritis, one of the studies revealed leukocytosis greater than 10.000/mm3 in
27% of individuals from the experimental group. The prevalence was significantly higher
(40%) in patients receiving steroid therapy at that moment than in those without such
treatment (7.5%). A positive correlation between leukocytosis and the activity of arthritis has
been proven, as patients with elevated WBC levels showed more severe manifestation of the
disease within the joints.

Eosinophilia's is not common in rheumatic diseases. It may occur in dermatomyositis,
progressive systemic sclerosis, vasculitis, Sjogren’s syndrome and rheumatoid arthritis
(RA). Study involving 1000 patients with eosinophilia and rheumatic diseases found a
negative correlation between symptoms such as vitiligo, dryness of the mouth, fatigue and
eosinophilia. There was a statistically significant relationship between eosinophilia and
nonsteroidal anti- inflammatory drugs (NSAID) usage. Moreover, a strong positive
correlation between eosinophilia-related syndromes, such as hypereosinophilic syndrome
(HES) or eosinophilic gastroenteritis and the prevalence of rheumatic diseases, has been
found [59]. In general, treatment of eosinophilic arthritis with corticosteroids has been
proven to be more effective than the administration of NSAIDs [58]. When eosinophilia
occurs among patients with rheumatoid arthritis, a differential diagnosis is usually required
[53]. A cohort study of French Society for Rheumatology revealed that 26 patients (3.2%)
out of 804 with RA of recent onset had baseline eosinophilia (eosinophil >500/mm3), which
was mild in a majority of cases. Study suggested that the response to the treatment might be
worse in patients with recognized eosinophilia. This group also had a higher morning
stiffness and disease activity [54]. On contrary, the Argentinian study found that eosinophilia
(eosinophil count > 300/mm3) occurred among 7.33% of the patients with RA. According
to this study eosinophilia was not related to the disease severity, it was due to secondary
causes, such as parasites [55].Another study claim that eosinophilia may be potentially
related to a Methotrexate therapy [53,56].
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