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ABSTRACT
Recombinant human granulocyte colony-stimulating factor (G-CSF) is commonly used to accelerate recovery of neutropenia in

patients with marrow suppression. We hereby report a patient with systemic lupus erythematosus (SLE) who developed diffuse

lupus nephritis and impending cytokine storm after G-CSF therapy. The exact mechanisms by which G-CSF leads to lupus flares

remains enigmatic. Increased neutrophil apoptosis and release of cytokines have been postulated. The use of G-CSF in patients with

autoimmune disease should be cautious.

Keywords: Granulocyte Colony-Stimulating Factor; Systemic Lupus Erythematosus; Leucopenia; Cytokine Storm Syndrome;

Azathioprine.

INTRODUCTION

Patients with systemic lupus erythematosus (SLE) may
have episodes of lupus flare from time to time. Lupus flare
can be idiopathic or triggered by environmental factors,
such as medications, infections, ultraviolet radiation,
and so on [1]. Several types of drugs are well recognized
to trigger SLE. Traditional drug-induced lupus agents
include procainamide, hydralazine, and quinidine [2].
Some drugs are also shown to exacerbate idiopathic
lupus include estrogen-containing contraceptives [3].
Cytokines like granulocyte colony-stimulating factor
(G-CSF) is also postulated to be able to potentiate
exacerbation of SLE [1].

This case report presents a patient with exacerbation
of SLE, which was likely potentiated by G-CSF injection.
The possible mechanisms of G-CSF potentiating lupus
flare would be discussed, and cautious use of G-CSF
injection in patients with autoimmune disease would be
emphasized.

REPORT OF A PATIENT
A 46-year-old female patient with SLE, while on
azathioprine (20 mg/day) and prednisolone (3 mg/

day), was admitted to the medical ward due to a 2-week
history of low-grade fever and generalized malaise.

Her SLE condition had been stable for 20 years
with last relapse of lupus nephritis in 2001, presented
as proteinuria. There was no previous use of G-CSE. Her
anti-dsDNA and complements level had all along been
static. The anti-dsDNA was 150 IU/mL (normal: <30.0
IU/mL) and C3, 70 mg/dL (normal: 90-180 mg/dL) C4,
18 mg/dL (normal: 10-40 mg/dL) before this admission.
Hemoglobin (Hb) had also been static. The Hb before
admission was 9 g/dL (normal: 11.5-14.8 g/dL). White
cell count (WCC) and platelet count had been normal.

On the first day of admission, investigations
revealed low WCC, 1.32 x 10°/L (normal: 3.89-9.93 x
10°/L); decreased neutrophil 0.75 x 10°/L (normal:
2.01-7.42 x 10°/L); low Hb 9.2 g/dL (normal: 11.5-14.8
g/dL); and elevated aspartate aminotransferase (AST),
60 U/L (normal: 35 U/L). Alanine transaminase (ALT)
was normal. The erythrocyte sedimentation rate (ESR)
was 49 mm/hr and the C-reactive protein (CRP) was
<0.35 mg/dL (normal: <0.76 mg/dL). Complement
levels were depressed (C3, 27 mg/dL; C4, <8 mg/
dL) and anti-dsDNA was increased (>300 IU/mL;
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Table 1. Laboratory test results on day 1 of G-CSF injection.

Laboratory tests Results Reference ranges
White cell count (x 10°/L) 1.32 N: 3.89-9.93
Absolute neutrophil count (x 10°/L) 0.75 N:2.01-7.42
Hemoglobin (g/dL) 9.2 N:11.5-14.8
Platelet (x 10°/L) 188 N: 167-396
Aspartate aminotransferase (U/L) 60 N: 35
Alanine transaminase (U/L) 30

Erythrocyte sedimentation rate (mm/hr) 49

C-reactive protein (mg/dL) <0.35 N: <0.76

C3 (mg/dL) 27 N: 90-180
C4 <8 N: 10-40
Anti-dsDNA (IU/mL) >300 N: <30.0
Ferritin (pmol/L) Normal

Figure 1. Change in ANC after admission.
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normal: <30.0 IU/mL) (Table 1). Exacerbation of SLE
was suspected given the elevated anti-dsDNA level and
depressed complement levels. Nevertheless, in view of
the fever and neutropenia possibly due to long term
use of azathioprine, investigations were performed to
exclude an underlying infection. Empirical intravenous
amoxicillin and clavulanic acid and G-CSF were given to
reduce the risk of potential devastating consequences of
severe infection. Yet, blood, sputum, and urine cultures
yielded no growth. Chest radiographs showed no
consolidation. Cytomegalovirus (CMV) pp65 antigen
was negative. The ferritin level was normal. Urinalysis
showed no protein.
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Azathioprine was withheld in view of the potential
underlying infection. A dose of 30MU G-CSF was also
given subcutaneously. Neutrophil counts normalized
the next day (Figure 1) but fever persisted. The
antibiotic was switched to intravenous piperacillin with
the addition of a medium dose of steroid (prednisolone
30 mg/day). The fever subsided and she was discharged
4 days after admission.

However, she was rehospitalized on day 11 after
G-CSF injection with a relapse of fever (up to 40°C) and
malaise, in addition to persistent sinus tachycardia over
110 beats per minute. A new erythematous blanchable
rash appeared on the head, neck, and trunk (Figures 2
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Figure 2. Erythematous blanchable rash on head and neck.

and 3); and a vasculitic rash on bilateral palms. The WCC
decreased further to 1.53 X 10°/L (neutrophils 0.84 X
10°/L), with concomitant elevation of liver enzymes
(AST, 171 U/L; ALT 107 U/L). Thyroid function test was
normal. The ESR increased to 73 mm/hr and CRP stayed
less than 0.35 mg/dL. Complement levels remained low
(C3,27 mg/dL; C4, <8 mg/dL) and ferritin was markedly
elevated on this admission (10,551 pmol/L) (Table 2).

CASE REPORT

Blood, sputum, and urine cultures were negative.
Repeated chest radiographs showed no consolidation.

Intravenous meropenem therapy was started but the
fever persisted with progressive worsening of the liver
function. The high fever, progressive cytopenia, worsened
liver function, and elevated acute phase reactants (ESR
and ferritin) were suggestive of impending cytokine
storm syndrome. Urine protein creatinine ratio was
86 mg/mmol and 24 hour urine protein was 1.12 g/
day. Bone marrow examination revealed very active
granulopoiesis with megakaryocytic hyperplasia and
reactive plasmacytosis (6%). Renal biopsy revealed Renal
Pathology Society/International Society of Nephrology
(RPS/ISN) class IV nephritis with the presence of a
significant number of necrotizing crescents. Three
intravenous pulses of methylprednisolone (1g each)
were given, followed by prednisolone 30 mg daily. The
fever and skin rash gradually subsided. Combination
of rituximab and mycophenolate mofetil (MMF) were
added to the regimen for induction of this SLE flare.
The overall clinical picture was compatible with rapidly
worsened SLE after administration of G-CSE.

DISCUSSION

We report a case of acute exacerbation of SLE potentiated
by G-CSF therapy, which resulted in severe lupus
nephritis, cutaneous and vasculitic rash, and impending
cytokine storm syndrome [4,5]. In this manuscript,
we discussed the rationale of using G-CSF therapy,
proposed mechanisms of potentiation of lupus flare by
G-CSEF, and cautious use of G-CSF therapy in SLE.

Exacerbation of SLE and infection was the possible
diagnosis at the initial presentation. This was supported
by the elevated anti-dsDNA level and depressed C3 and
C4levels. The presence of fever in an immunosuppressed
patient with SLE made a coexisting infection possible.
As a result, empirical board-spectrum antibiotics
and G-CSF therapy were given, and azathioprine was
withheld. Unfortunately, the administration of G-CSF
therapy further potentiated the SLE exacerbation
leading to a precytokine syndrome state.

Different mechanisms have been proposed for
SLE exacerbation by G-CSE. G-CSF is a hematopoietic
cytokine that increases neutrophil production,
differentiation, and survival [6] by stimulating the
growth of neutrophil bone marrow progenitors, and
rate of maturation and release into the circulation. It
also enhances adhesion and phagocytosis of mature
neutrophils.
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Table 2. Laboratory test results on day 11 of G-CSF injection.

Laboratory tests Results Reference ranges
White cell count (x 10°/L) 1.53 N: 3.89-9.93
Absolute neutrophil count (x 10°/L) 0.84 N:2.01-7.42
Hemoglobin (g/dL) 9.5 N:11.5-14.8
Platelet (x 10°/L) 148 N: 167-396
Aspartate aminotransferase (U/L) 171 N: 35
Alanine transaminase (U/L) 107

Erythrocyte sedimentation rate (mm/hr) 73

C-reactive protein (mg/dL) <0.35 N: <0.76

C3 (mg/dL) 27 N: 90-180
C4 <8 N: 10-40
Ferritin (pmol/L) 10,551

It is also the key cytokine that regulates neutrophils
and neutrophil dysregulation is implicated in the
pathogenesis of SLE [7].
neutrophils after G-CSF may lead to organ damage
through tissue of pro-
inflammatory cytokines [6]. In SLE, clearance of
apoptotic material may be impaired as a result of
primary (genetic) and/or secondary (via antibodies)
effects [8]. G-CSF administration could additionally
impair the inhibitory effect of neutrophil apoptosis,
leading to a rapid surge of apoptotic material providing
a rich source of lupus autoantigens [9] that further
triggers autoantibody production [10]. Furthermore,

Dramatic increases of

infiltration and release

G-CSF-induced upregulation of T cell-mediated pro-
inflammatory cytokine production [11] may lead to a
picture of cytokine storm syndrome as illustrated in our
case.

No data exists for the treatment of cytokine storm
syndrome in SLE. In this case, an attempt was made to
remove the precipitating drug and aggressively treat the
underlying SLE with mega-doses of corticosteroid and
immunosuppressive therapy. This is in contrast to the
cytokine storm syndrome in juvenile idiopathic arthritis
(JIA), severe acute respiratory syndrome (SARS), or
COVID-19 where interleukin (IL) 6 antagonists, IL-1
antagonists, and plasma exchange are the consensus
treatments [12,13].

It remains arguable that our patient had an
impending lupus flare with leukopenia, which might
occur coincidentally with the application of G-CSE
However, the lack of SLE symptoms during the period
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of leukopenia and the rapid upsurge of the WCCs after
G-CSF administration, the development of fever and
other florid symptoms of active SLE suggested the flare
could be temporally related to G-CSF therapy. Similar
to our case, previous literature reported a severe flare
up of autoimmune disease in hours to days after the
therapy [14,15]. Nevertheless, other possible factors for
lupus flare-up such as medications other than G-CSF, or
certain kind of infections should not be overlooked [1].

Our experience raises concerns about potentially
organ- or life-threatening SLE exacerbation after G-CSF
administration. Although neutropenia may be due
to myelosuppressive drugs [16] like azathioprine, it
could also be a consequence of lupus disease activity
due to antigranulocyte antibodies [17] and peripheral
consumption. Careful history taking about the use of
drugs, physical examination, genetic testing for the
thiopurine methyltransferase (TPMT) gene, bone
marrow examination, and a delicate balance between
risk and benefits of G-CSF could help to prevent a
potentially lethal exacerbation of SLE.

Apart from prescribing G-CSF with caution,
attention should also be paid to the dose of G-CSF
injection. Excessive doses of G-CSF may increase the
risk of exacerbation of SLE, particularly if the absolute
neutrophil count is increased to be much higher than 1 x
10°/L [1]. Therefore, if G-CSF has to be given, the lowest
effective dose should be used with close monitoring of
the absolute neutrophil count after injection.

In summary, SLE could be exacerbated by G-CSF
administration. We would recommend to use G-CSF
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therapy with great caution in patients with autoimmune
diseases.

CONFLICT OF INTEREST [8]
The authors declare no conflict of interest.

REFERENCES

[1] Sakai T, Hatano Y, Abe I, Ishii K, Fujiwara S. A case of an SLE ~ [10]
patient with febrile neutropenia who experienced exacerbation
of cutaneous manifestations after the administration of G-CSE (11]
Mod Rheumatol. 2013;23(6):1231-6. d0i:10.1007/s10165-012-

0740-8 (12]

[2] Vaglio A, Grayson PC, Fenaroli P, Gianfreda D, Boccaletti V,
Ghiggeri GM, Moroni G. Drug-induced lupus: traditional and
new concepts. Autoimmun Rev. 2018;17(9):912-18. doi:10.1016/j. [13]
autrev.2018.03.016

[3] Duarte C, Inés L. Oral contraceptives and systemic lupus
erythematosus: what should we advise to our patients?. Acta
Reumatol Port. 2010;35(2):133-40. (14]

(4] England JT, Abdulla A, Biggs CM, Lee AYY, Hay KA, Hoiland
RL, et al. Weathering the COVID-19 storm: lessons from
haematologic cytokine syndromes. Blood Rev. 2020;15:100707.

[5] Kabeerdoss J, Danda D. Understanding immunopathological ~ [15]
fallout of human coronavirus infections including COVID-19:
will they cross the path of rheumatologists? Int ] Rheum Dis.
2020;23(8):998-1008.

[6] Eyles]JL, Roberts AW, Metcalf D, Wicks IP. Granulocyte colony- (16]
stimulating factor and neutrophils—forgotten mediators of
inflammatory disease. Nat Clin Pract Rheumatol. 2006;2(9):

500-10. (17]

[7] Mistry P,Nakabo S, O’'Neil L, Goel RR, Jiang K, Carmona-Rivera
C, et al. Transcriptomic, epigenetic, and functional analyses

implicate neutrophil diversity in the pathogenesis of systemic
lupus erythematosus. Proc Natl Acad Sci USA. 2019;116(50):
25222-8.

Koutouzov S, Jeronimo AL, Campos H, Amoura Z. Nucleosomes
in the pathogenesis of systemic lupus erythematosus. Rheum
Dis Clin North Am. 2004;30:529-58.

Midgley A, McLaren Z, Moots RJ, Edwards SW, Beresford MW.
The role of neutrophil apotosis in juvenile-onset systemic lupus
erythematosus. Arthritis Rheum. 2009;60(8):2390-401.

Soni C, Reizis B. DNA as a self-antigen: nature and regulation.
Curr Opin Immunol. 2018;55:31-7.

Roberts AW. G-CSF: a key regulator of neutrophil production,
but that’s not all! Growth Factors. 2005;23(1):33-41.
Henderson LA, Canna SW, Schulert GS, Volpi S, Lee PY, Kernan
KE et al. On the alert for cytokine storm: immunopathology in
COVID-19. Arthritis Rheumatol. 2020;72(7):1059-63.

Ma], Xia P, Zhou Y, Liu Z, Zhou X, Wang J, et al. Potential effect
of blood purification therapy in reducing cytokine storm as a
late complication of critically ill COVID-19. Clin Immunol.
2020;214:108408.

Vasiliu IM, Petri MA, Baer AN. Therapy with granulocyte
colony-stimulating factor in systemic lupus erythematosus may
be associated with severe flares. ] Rheumatol. 2006;33(9):
1878-80.

Kim YG, Kim SR, Hwang SH, Jung JY, Kim HA, Suh CH.
Mesenteric vasculitis after G-CSF administration in a severe
neutropenic patient with systemic lupus erythematosus. Lupus.
2016;25(12):1381-4.

Bacon BR, Treuhaft WH, Goodman AM. Azathioprine-induced
pancytopenia. Occurrence in two patients with connective-tissue
diseases. Arch Intern Med. 1981;141(2):223-6.

Kaplan MJ. Neutrophils in the pathogenesis and manifestations
of SLE. Nat Rev Rheumatol. 2011;7(12):691-9.

41



