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L E T T E R  T O  T H E  E D I T O R

Hydroxychloroquine fails to attenuate lesion development in a 
mouse model of neuromyelitis optica
Neuromyelitis optica (NMO) spectrum disorder (SD) is an autoim-
mune relapsing demyelinating disease of the central nervous system 
that is mainly mediated by anti-aquaporin 4 (AQP4) antibodies and 
preferentially affects the spinal cord and optic nerve.1 It is believed 
that these antibodies bind to AQP4 protein on astrocytes and initiate 
the complement cascade to induce astrocyte necrosis.1 Secondary 
granulocyte and macrophage infiltration lead to oligodendrocyte 
death, demyelination, and neuron loss.1 Therapeutic interventions 
designed to modulate complement activation and neutrophil and 
macrophage infiltration have been proven to be efficacious in mu-
rine models of NMO.2-4

Hydroxychloroquine, a drug widely used in the treatment of 
rheumatoid arthritis and systemic lupus erythematosus, has been 
reported to have beneficial effects in a wide array of diseases, in-
cluding immune, cardiovascular, and hematological disorders; ma-
lignancies; and infections.5 In addition to inhibiting the chemotaxis, 
phagocytosis and cytokine production of neutrophils and macro-
phages,5-7 hydroxychloroquine has been found to suppress comple-
ment activation recently.8 However, whether hydroxychloroquine 
can be used as a therapy for NMO remains to be determined.

First, we verified the effect of hydroxychloroquine on comple-
ment in vitro. Briefly, Chinese hamster ovary cells transfected with 
M23-AQP4-overexpressing lentiviruses were cultured in 24-well 
plates. When confluent, the cells were incubated with or without 
different dilutions of the mixed serum of 5 patients with NMOSD 
(serumNMO) with or without different dilutions of human comple-
ment for an hour; some of the wells were treated simultaneously 
with hydroxychloroquine at a concentration of 1.5 × 10−6 mol/L, 
a steady-state plasma concentration reported in a clinical study.9 
Then, the medium was collected, and C3a levels were examined with 
a BD OptEIA™ Human C3a ELISA Kit. Some cells were stained with 
a LIVE/DEAD Viability/Cytotoxicity Kit for cytotoxicity assay, and 
other cells were fixed and immunostained for human immunoglobin 
G (hIgG) binding and complement activation tests.

As shown in Figure 1A, the serumNMO group showed positive 
staining for hIgG, and the control group showed negative staining 
for hIgG, which indicates that AQP4 was successfully overexpressed 
in the former group and was capable of binding with AQP4-IgG from 
the serum. The serumNMO + complement and serumNMO + comple-
ment + hydroxychloroquine groups showed positive staining for 
C1q, C3b, and C5b-9, but the control and serumNMO groups showed 
negative staining for C1q, C3b and C5b-9, which suggests that the 
complement cascade was activated in the former groups. There was 
no apparent difference in immunofluorescence intensity between 

the serumNMO + complement and serumNMO + complement + hy-
droxychloroquine groups, which suggests that hydroxychloroquine 
did not inhibit AQP4-IgG binding or complement activation. As 
shown in Figure 1B, the concentration of C3a in the medium was 
higher in the serumNMO + complement groups treated with or with-
out hydroxychloroquine than in the control and serumNMO groups 
(P < .05), but there was no significant difference in the concentration 
of C3a between the serumNMO + complement groups treated with 
or without hydroxychloroquine (P > .05). These results suggest that 
hydroxychloroquine likely has no effect on complement activation. 
The live/dead staining results showed that fewer live cells (green) 
and more dead cells (red) were present in the serumNMO + comple-
ment groups treated with or without hydroxychloroquine than in the 
control and serumNMO groups (Figure 1C). The cell viability results, 
namely, the percentages of live cells, for the groups treated with 
different dilutions of serumNMO with or without different dilutions 
complement are summarized in Figure 1D and 1E, which showed 
that hydroxychloroquine failed to increase cell viability in the com-
plement and serumNMO dilution gradients (P > .05).

Second, we studied the effect of hydroxychloroquine on lesions 
in a mouse model of NMO. The protocols were previously reported.1 
Briefly, total IgG was isolated from the serum of 5 patients with 
NMOSD with protein-A resin and concentrated to 15 mg/mL (termed 
IgGNMO). Then, weight-matched female C57BL/6 mice (2-3 months 
old) were pretreated with intraperitoneal injections of hydroxychlo-
roquine or sterile distilled water. The hydroxychloroquine dosage of 
20 mg/kg/d was chosen based on the results of a study of a clinical 
treatment regimen designed to elicit a faster clinical response.9 On 
the 23rd day of treatment, the 2 groups of mice were intracranially 
injected with 6 μL of IgGNMO and 4 μL of complement; they were 
sacrificed 1 or 5 days later. Then, the brains were collected and pro-
cessed for sectioning and then immunostaining.

Consistent with the in vitro results, we did not observe a remark-
able reduction in the deposition of C5b-9 in hydroxychloroquine-
treated mice at 5 days after surgery (Figure 2A). To investigate 
the effect of hydroxychloroquine on inflammatory cell infiltration, 
we performed immunostaining for Gr-1 to detect neutrophils at 
24 hours after surgery; moreover, we performed immunostaining for 
CD45 and IBA1 to detect leukocytes and activated microglia/macro-
phages, respectively, at 5 days after surgery. As shown in Figure 2B, 
we delimitated the areas of neutrophil infiltration and magnified 
the core regions of the lesions, and then we measured the areas of 
neutrophil infiltration and determined the cell counts in the core re-
gions. As shown, hydroxychloroquine did not decrease the areas of 
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neutrophil infiltration (P > .05) or neutrophil densities (P > .05) in the 
core regions. We also demarcated the region of CD45-positive cell 
infiltration and magnified the core regions of the lesions, and then 
we measured the areas of CD45-positive cell infiltration and deter-
mined the counts of CD45- and IBA1-positive cells in the core re-
gions (Figure 2C). We found that hydroxychloroquine did not reduce 
the areas of CD45-positive cell infiltration (P > .05) or the counts of 
CD45- (P > .05) or IBA1-positive cells (P > .05) in the core regions. 

Taken together, these findings suggested that hydroxychloroquine 
failed to inhibit neutrophil and microglia/macrophage infiltration. 
Finally, we evaluated the areas of the lesions by performing immu-
nostaining for AQP4, GFAP, and MBP. As shown in Figure 2D, there 
were no significant differences in the areas of loss of AQP4 (P > .05), 
GFAP (P > .05) or MBP (P > .05) staining between the 2 groups, 
which suggests that hydroxychloroquine could not reduce AQP4 
loss, astrocyte death or demyelination in this model.

F IGURE  1 Hydroxychloroquine (HCQ) failed to inhibit complement activation in vitro. Chinese hamster ovary cells transfected with M23-
AQP4-overexpressing lentiviruses were cultured to confluence and then incubated with or without different dilutions of the mixed serum 
of 5 patients with NMOSD (serumNMO) with or without different dilutions of complement (hC) for an hour; some wells were treated with 
1.5 × 10−6 mol/L HCQ simultaneously. A, Immunostaining for hIgG, C1q, C3b, and C5b-9 in the treated Chinese hamster ovary cells. Scale 
bar = 50 μm. B, The concentration of C3a in the medium was detected by ELISA. Data are expressed as the mean ± SE. of 4 different cell 
batches analyzed in triplicate. * P < .05 vs NMOIgG group by one-way ANOVA. NS, no significance. C, Live (green)/dead (red) staining in the 
treated Chinese hamster ovary cell population. Scale bar = 200 μm. Cell viability in the groups treated with different dilutions of hC (D) and 
serumNMO (E) was calculated based on the staining results. NS vs individual control by one-way ANOVA. (mean ± SE., n = 3)
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Collectively, our results showed that hydroxychloroquine failed 
to mitigate the development of brain lesions in the mouse model of 
NMO. The infiltration of neutrophils and microglia/macrophages 

in vivo, as well as complement activation in vivo and in vitro, could 
not be inhibited by hydroxychloroquine in our experiment. Our 
results contradict those of a previous report,8 which found that 
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hydroxychloroquine inhibited complement in an animal model of an-
tiphospholipid syndrome. We do not know the exact reason for the 
discrepancy and speculate it may be related to differences between 
the models. However, a recent clinical study found that hydroxy-
chloroquine had no effect on complement,10 a result that supports 
ours. Our results cannot be directly extrapolated to patients; high-
quality randomized controlled clinical trials should be performed in 
the future.
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F IGURE  2 Hydroxychloroquine (HCQ) failed to reduce complement activation, inflammatory infiltration and lesion formation in vivo. 
Mice were intracranially injected with 6 μL of IgGNMO and 4 μL of complement after being continuously pretreated with or without 20 mg/
kg/d HCQ for 23 d. A, Immunostaining for C5b-9 at 5 d after surgery. B, Representative immunofluorescence staining for Gr-1 at 1 d after 
surgery. The red lines delimit the Gr-1-positive area. Scale bar = 500 μm in the upper picture and 50 μm in the lower picture; the areas of 
neutrophil infiltration and the neutrophil counts in the core regions of the lesions were compared by the Mann-Whitney U test (mean ± SE., 
n = 5). C, Representative immunofluorescence staining for CD45 and IBA1 at 5 d after surgery. The red lines delimit the areas of positive 
cells. Scale bar = 500 μm in the upper picture and 50 μm in the lower picture; the areas of cell infiltration and the cell counts in the core 
regions of the lesions were compared by the Mann-Whitney U test (mean ± SE., n = 5). D, Representative immunofluorescence staining 
for GFAP, AQP4, and MBP in both groups at 5 d after surgery. The red lines delimit the lesions with AQP4, GFAP, and myelin loss. Scale 
bar = 500 μm. Quantification of the lesion sizes was performed by the Mann-Whitney U test (mean ± SE., n = 5)
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