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Autoimmune hemolytic anemia (AIHA) has been reported after treatment with an anti-CD52
monoclonal antibody (alemtuzumab) in 7 MS cases.1 All underwent positive direct Coombs test,
i.e., antibodies to red blood cells (RBCs); however, no autoantibody (Ab) specificity was iden-
tified.1 Aquaporin 1 (AQP1), expressed in RBCs2 and human astrocytes,3,4 has been linked with
autoimmunity: in some AIHA cases (Abs to Colton group antigens located on AQP1)2 and in
some patients with CNS demyelinating disorders.3,4 Therefore, AQP1-Abs deserve investigation
as the possible linking cause of the concurrent presence of the 2 disorders. Here, we present
a patient characterized with MS, however, with extensive longitudinal transverse myelitis
(LETM), who developed AIHA in parallel with brain demyelinating relapse, 1 year after alem-
tuzumab infusion; interestingly, a high AQP1-Ab titer was detected, which dropped in parallel
with patient recovery.

Case report
The patient’s history started 16 years ago (15-year-old; Caucasian) with optic neuritis, followed
by tingling of lower extremities and diplopia. Brain lesions fulfilled the 2017 McDonald MS
criteria. The patient partially responded to IFNβ-1α (treated for 3 years), responded well to
natalizumab (discontinued after 3 years on JC virus positivity), followed by fingolimod with good
response, which was subsequently discontinued because of sustained B-cell lymphopenia. After
B-cell recovery, the patient received a 5-day alemtuzumab course (EDSS: 3,5) with good re-
sponse. A year later, the patient simultaneously developed demyelinating relapse (MRI, figure,
A–F) with severe left lower limb weakness (EDSS: 6) and hemolytic anemia (figure, G, H, J). At
admission, the patient had a hematocrit value of 19.0%, hemoglobin concentration of 7.8g/dL,
reticulocyte value of 3.7%, LDH level of 303U/L, total bilirubin concentration of 3.3 mg/dL,
undetectable serum haptoglobin, hemoglobinuria, RBC agglutination on peripheral blood smear
(figure, G), and positive direct Coombs test (figure, H). A moderate titer (1:8) of cold agglutinin
was detected, and thus, mixed-type AIHA was diagnosed. No autoantibody specificity was
identified because the patient’s RBC eluate (i.e., containing RBC-bound IgG released by low pH
treatment) reacted with all RBCs tested (panel-pan-reactive). The indirect Coombs test was also
positive, without identification of Ab-specificity (panel-pan-reactive). The Eginition Hospital IRB
approved this study.

The simultaneous demyelinating relapse and AIHA development prompted us to search for
a common pathogenic factor. High AQP1 levels in RBCs2 and astrocytes3,4 and occasional AQP1-
Ab presence in AIHA2 and in demyelinating diseases3,4 led us to search for AQP1-Abs. We used
ELISA with yeast-expressed human AQP1 and synthetic peptides corresponding to AQP1
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segments.3 AQP1-ELISA detected high IgG-Ab binding to
AQP1 and to its extracellular loop-A during the acute phase
(figure, I and J). As previously reported,3 the patient’s AQP1-

Abs were of the complement-activating IgG1 isoform. Because
a reliable direct cell-based-assay (CBA) for AQP1-Abs has not
been developed yet, probably because of low AQP1

Figure Clinical, radiologic, and laboratory findings of the patient with concurrent AIHA and demyelinating relapse after
alemtuzumab infusion

(A, B, C, E, F) Brain, cervical, and thoracic MRI findings 1month after AIHA onset and demyelinating relapse; (A) shows periventricular and juxtacortical brain lesions
(the red arrow shows anew lesionnot present inD); (B, C, E, and F) show transversemyelitis in the cervical (with LETM) (B andE) and thoracic (C and F) cord; T2 spinal
cord lesion load was identical with that at the time of alemtuzumab initiation. (D) MRI 6months before the AIHA onset. (G) Large RBC agglutinates detected on the
peripheral blood smear film. (H) Direct Coombs test usingDiaMed gel test IDmicrotyping system (DiaMedGmbH); positive for IgG (2+) and complement fragments:
C3d (4+) and C3c (2+). (I) Serum (frompatient and a healthy control, HC) binding on ELISAwells with immobilizedAQP1, peptidemixture corresponding to the AQP1
extracellular and intracellular loops,or the individual AQP1extracellular loops. “RBC-adsorbed”and “HEK-AQP1-adsorbed”denote serumpreincubatedwithhealthy
RBCs (group O) or HEK293 cells transfected with human AQP1, respectively, tested for binding on immobilized AQP1 (1 μL serumwas preincubatedwith 75,000 to
300,000 cells in total 100μL volume; 300,000AQP1-transfectedcells resulted in complete immunoadsorption). The last bar shows thebindingofpatient’sRBCeluate
to AQP1. The values are averages of 3 experiments. (J) hemoglobin, AQP1-Ab, and total IgG level fluctuations and therapies of the patient. Hemoglobin levels started
to decrease gradually and dropped down to 5.7 g/dL. High AQP1-Ab levels (red dashed line) were detected at the onset of demyelinating relapse and AIHA and
remained quite high up to the maximum drop of hemoglobin. Subsequently, AQP1-Ab levels decreased, remaining at very low values during the recovery and
remissionphaseof bothdiseases (up to at least 91 days afterAIHA onset anddemyelinating relapse). The black linewith empty square symbols represents the total
serum IgG levels. Blood samples at day22anddays 23were collectedbefore theplasmapheresis andRBC transfusionof theday. The steepAQP1-Abdropat day23,
despite only small decrease of total IgG, could be attributed to Ab immunoadsorption on the transfused RBCs. Overall, patient started corticosteroid treatment
resulting inneurologic recoverywithin8days, received4coursesof rituximab,5plasmapheresis sessions, and transfusionsof 4RBCunits. C: Start steroid treatment;
Plex: plasmapheresis; R: rituximab treatment; RBC: RBC transfusion. LETM = longitudinal transverse myelitis.
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expression,3,5 Ab binding on the extracellular side of cell-
embeddedAQP1was confirmed by an indirect CBA: serumwas
preincubated with AQP1-expressing HEK293 cells followed by
ELISA on the treated serum3; the serum was totally AQP1-Ab
depleted under these conditions (figure, I).

Interestingly, in similar immunoadsorption experiments with
healthy RBCs (ABO-group O), 30 ± 2% of the patient’s
AQP1-Abs were adsorbed (figure, I). The AQP1-Abs were
also detected in the eluate of the patient’s RBCs (figure, I),
confirming in vivo binding.

The patient recovered (EDSS 3.5) after a combination ther-
apy with corticosteroids, rituximab, plasmapheresis, and RBC
transfusions, with a parallel dramatic drop of the AQP1-Ab
titer (figure, J). Ten months later, after rituximab treatment,
there was no clinical or MRI activity.

Discussion
In conclusion, our patient simultaneously developed AIHA and
demyelinating relapse 1 year after alemtuzumab infusion, with
a high AQP1-Ab titer, which dropped in parallel with patient
recovery. The high AQP1-Ab titer and in vivo Ab-binding on
RBCs during AIHA, as well as the drop of Ab-titer during
recovery, suggest that a pathogenic role of these Abs is possible.
The patient’s Abs bound on AQP1 loop-A, which contains
Colton group antigens (Coa, Cob), were previously linkedwith
hemolytic reactions.2 The concurrent presence of de-
myelinating relapse may also be related to AQP1-Abs; indeed,
the role of AQP-Abs in demyelination was recently supported
by our observation of AQP1 loss and IgG deposition in
a tumefactive demyelinating brain lesion of a patient with
AQP1-Ab+ neuromyelitis optica (NMO).4 Our present
patient’s brain lesions fulfilled theMS criteria (figure, A andD),
seronegative for AQP4-/MOG-Abs, however, with LETM
(figure, B and E; a typical NMO spectrum disorder finding6),
suggesting an MS/NMO overlap syndrome.3 Moreover, dis-
ease exacerbation after alemtuzumab infusion has been linked
with NMOsd, suggesting a possible explanation of our case. It
would be interesting to test for AQP1-Abs in other reported
MS cases with AIHA development after alemtuzumab infusion.
One case also had nephropathy,7 i.e., affecting an additional
AQP1-rich organ,2 responding to steroids and IVIG. Our data
suggest that AQP1-Abs could be a triggering factor of
alemtuzumab-induced AIHA and demyelinating relapse and
justify further studies on this hypothesis.
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