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Introduction

Natalizumab (Tysabri®, Biogen-Dompé, Cambridge, MA, 
USA) is a recombinant humanized monoclonal antibody 
(mAb) directed against the adhesion molecule α4-integrin 
(CD49d), expressed on the surface of circulating lympho-
cytes. Interaction of α4-integrin with vascular cell adhe-
sion molecule-1 (VCAM-1), expressed on endothelial 
cells, is required to allow activated immune cells to migrate 
into the central nervous system (CNS).1 Therapeutic ben-
efit of natalizumab in the treatment of multiple sclerosis 
(MS) has repeatedly been shown;2 however, its use is asso-
ciated with the occurrence of progressive multifocal leu-
koencephalopathy (PML).3–5 PML is a rare demyelinating 
disease of the CNS caused by JC virus infection of oligo-
dendrocytes and astrocytes.6 Data indicate that the risk for 
PML increases with duration of treatment, showing a risk 
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Abstract
Background:  Long-term therapy with natalizumab increases the risk of progressive multifocal leukoencephalopathy (PML). 
Objectives:  We present a patient study through therapy, the diagnosis of PML (after 29 infusions), plasma exchange (PE) 
and development of immune reconstitution inflammatory syndrome (IRIS). 
Methods:  Routine diagnostics, magnetic resonance imaging (MRI), immunological status (flow cytometry, T-cell migration 
assays and T-cell repertoire analysis), and brain biopsy with immunohistological analysis. 
Results:  CD49d decreased after 12 months of treatment. At PML diagnosis, CD49d expression and migratory capacity 
of T cells was low and peripheral T-cell receptor (TCR) complexity showed severe perturbations. The distribution of 
peripheral monocytes changed from CCR5+ to CCR7+. After PE some changes reverted: CD49d increased and overshot 
earliest levels, migratory capacities of T cells recovered and peripheral TCR complexity increased. With no clinical, routine 
laboratory or cerebrospinal fluid (CSF) changes, MRI 2 months after PE demonstrated progressive lesion development. 
Brain histopathology confirmed the presence of infiltrates indicative of IRIS without clinical signs, immunologically 
accompanied by CCR7/CCR5 recovery of peripheral monocytes. 
Conclusion: Natalizumab-associated immunological changes accompanying PML were reversible after PE; IRIS can occur 
very late, remain asymptomatic and be elusive to CSF analysis. Our study may provide insights into the changes under 
treatment with natalizumab associated with JC virus control.
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elevation after 2 years of treatment (from an initial 1:1000 
up to 1:100). However, it is still unclear how natalizumab 
interferes with JC virus control. Furthermore, few bio-
markers are available to identify patients at risk for devel-
oping PML (e.g. the presence of anti-JCV antibodies in the 
serum of patients).7

We here provide serial immunological assessment of a 
patient on natalizumab, who developed PML 29 months after 
initiation of therapy. Immunological features were moni-
tored in parallel to clinical, imaging, routine diagnostic and 
cerebrospinal fluid (CSF) measures. Our study might give 
some insight into the mechanisms of homeostatic JC virus 
control, its failure during natalizumab treatment and changes 
after plasma exchange (PE) and immune reconstitution 
inflammatory syndrome (IRIS). The findings in this patient 
might aid the search for biomarkers identifying patients at 
risk for PML development under natalizumab therapy.

Methods

Histological stainings

A formalin-fixed and paraffin-embedded brain biopsy  
was studied. Slices (4 µm) were stained with hematoxylin 
and eosin (H&E), Luxol-fast blue/periodic acid-Schiff 
(LFB/PAS) and Bielschowsky’s silver impregnation. 
Immunohistochemical staining was performed with a bio-
tin avidin technique. The following primary antibodies 
were used: anti-SV40 (JC virus, kindly provided by 
Professor Lüke, Deutsches Primatenzentrum Göttingen, 
Germany), PAb 2003 (JC virus, kindly provided by  
Dr Frisque, Pennsylvania State University, USA), anti-CD3 
(T cells, Serotec, UK), anti-CD8 (cytotoxic T cells, Dako, 
Denmark), anti-CD20 (B cells, Dako, Denmark), anti-
CD138 (plasma cells, Dako, Denmark), anti-myelin basic 
protein (anti-MBP, Boehringer Mannheim, Mannheim, 
Germany), anti-proteolipid protein (anti-PLP, Biozol, 
Eching, Germany), anti-myelin oligodendrocyte glycopro-
tein (anti-MOG, clone 8-18-C5, kindly provided by 
Professor Linington, University of Aberdeen, UK), anti-
myelin-associated glycoprotein (anti-MAG, kindly pro-
vided by Professor Schwab, University of Zürich, 
Switzerland), anti-cyclic nucleotide phosphodiesterase 
(anti-CNPase, Sternberger, Maryland, USA), KiM1P (mac-
rophages, kindly provided by Professor Radzun, University 
of Göttingen, Germany) and anti-MRP 14 (activated mac-
rophages, BMA Biomedicals, Augst, Switzerland). DNA-
DNA in situ hybridization with a JCV probe was performed 
by Dr König, University of Gießen, Germany.

Immune cell purification and isolation

Peripheral blood mononuclear cells (PBMC) were isolated 
via density gradient centrifugation using lymphocyte 
separation medium (PAA Laboratories, Linz, Austria) 
within 24 h after blood draw. CD4+ or CD8+ T cells were 

negatively isolated from PBMC using magnetic bead isola-
tion (negative isolation procedure, MACS®, Miltenyi 
Biotec, Bergisch Gladbach, Germany), following the man-
ufacturer’s instructions. Purified T-cell subsets were over 
95% pure as controlled by flow cytometry analysis.

Preparation of cells from CSF samples

CSF (8–10 ml) was obtained by lumbar puncture and pro-
cessed as previously described.8

Reagents for flow cytometry

The following mAbs were used: CD4-FITC/-PE,  
CD8-FITC/-PE, CD14-APC, CD19-PE-Cy5, CD25-PE, 
CD45RA-FITC, CD49d-APC, CCR5-PE-Cy5, CCR7-
FITC/-APC (all BD, Heidelberg, Germany). Staining was 
performed as previously described.9 Cells were analyzed 
with FACS-Calibur™ using Cell Quest™ (Becton Dickinson, 
Heidelberg, Germany) and FlowJo (Tristar, USA) software.

Human brain microvascular endothelial cell 
cultures and transmigration assay

Human brain microvascular endothelial cells (HBMEC) 
were purchased from ScienCell Research Laboratories 
(San Diego, CA, USA). Cells were cultured on filter 
membranes of Transwells® (3 μm pore size; Corning, 
NY, USA) until reaching confluence. Transmigration 
assays were performed as described previously.8,10,11 
Briefly, HBMEC were cultured on the apical side of a 
filter membrane of Transwells® until confluence. In 
total, 2.5 × 105 of purified T cells in 0.1 ml of pre-warmed 
RPMI medium were added to the top of the HBMEC 
monolayers and 0.6 ml of medium was added to the outer 
chamber of the Transwells®. The cells were allowed to 
migrate for 18 h in a humidified cell culture incubator at 
37°C and 5% CO2.

RNA isolation and cDNA synthesis

RNA from blood and CSF immune cells was isolated with 
TriZol (Invitrogen, Karlsruhe, Germany) according to the 
manufacturer’s instructions.

cDNA synthesis from peripheral blood T-cell RNA was 
performed using standard methods as previously 
described.12 Reagents were obtained from Applied 
Biosystems (Foster City, CA, USA). For each sample, 
250 ng of RNA was transcribed, using random hexamers 
and M-MLV reverse transcriptase.

For RNA isolated from CSF samples, a previously 
published sensitive TCR β-chain-specific cDNA 
primer‚Cβ-RT was used,13 as well as SuperScriptIII™ 
reverse transcriptase (Invitrogen), according to the manu-
facturer’s instructions.
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T-cell receptor repertoire analysis by CDR3 
spectratyping

Spectratyping was performed as described previously.14

This study has been approved by the local ethics com-
mittee of Würzburg and the patient has given written con-
sent to participate in this study.

Results

Clinical case report

We report an HLA-A2+ 48-year-old, right-handed man 
with relapsing-remitting MS (RRMS), who received intra-
venous natalizumab therapy (300 mg every 4 weeks) over 
29 months (initiated July 2007) because of active disease 
despite interferon-β treatment, under which he developed 
three clinical relapses, a progression on the Expanded 
Disability Status Scale from 2.0 to 4.5 and gadolinium-
enhancing lesions on magnetic resonance imaging (MRI). 
Previous medical history includes mitoxantrone (October 
2003–2005; overall: 85 mg/m2) as well as interferon-β 
treatment (Betaferon®, 1999–June 2003; Rebif®, January 
2006–July 2007). No history of malignancies or signs of 
immunodeficiency were noted.

Under natalizumab treatment the patient showed a stable 
disease course over 2 years. One relapse occurred in May 
2009, 24 months after treatment initiation. Corticosteroid 
treatment enabled complete recovery to be achieved, and 
natalizumab therapy was continued at this point. Some 
5 months later the patient visited our center with new, mul-
tifocal neurological symptoms (sensory disturbances, 
numbness in hands, walking disturbances, pure alexia with-
out agraphia). MRI scans showed a new occipital lesion, 
initially interpreted as a new MS lesion (Figure 1, 2 October 
2009). Corticosteroids were initiated and led to an amelio-
ration of the sensory symptoms. On a consecutive scan 
(4 days after the initial scan), typical signs of PML, includ-
ing edema, demyelination and a rim zone of the lesion in 
the occipital cortex was noted (Figure 1); CSF assessment 
was performed in parallel and confirmed the diagnosis of 
PML by detecting low copy numbers of JC virus (8 copies/
ml). The patient received PE of 30 ml/kg body weight (2.5 l) 
combined with cycles of immunoadsorption with a trypto-
phan column (overall: five cycles) in an effort to remove 
natalizumab.15,16 In addition we started treatment with 
mefloquine (250 mg once per week) and mirtazapine (30 mg 
per day), hypothesized to impede JC virus replication. 
Afterwards intravenous immunoglobulins (IVIg) were 
administered (five times, 6 g absolute), the corollary being 
that it might downregulate a potentially fulminant IRIS, 
although there is currently no direct evidence supporting 
this treatment. The patient showed a stable disease course 
with minor fluctuations of pure alexia without agraphia; 
other symptoms (sensory symptoms, walking disturbances) 
returned to baseline. No clinical, imaging or CSF 

diagnostic signs of IRIS were notable. CSF was assessed 
several times (Table 1), but no cell elevations possibly indi-
cating IRIS development were visible. Of note, JC virus 
was always detectable, but at very low copy numbers 
(assessments in three different labs, Virology, University of 
Würzburg; Virology, University of Düsseldorf; NIH refer-
ence lab, E. Major). In parallel, serial MRI scans showed 
stability of the occipital lesion over approximately 2 months 
(Figure 1). The patient was readmitted to the hospital 
3 months after initial PML diagnosis for diagnostic and 
therapeutic reassessment. While the patient was clinically 
stable without any new neurological symptoms apart from 
residual pure alexia without agraphia, his MRI showed 
development of a massive progressive occipital lesion. It 
increased in signal intensity and size considerably within 
several days. We could not detect any gadolinium uptake, 
or any measurable clinical reflection of the lesion. JC virus 
copies were still detectable (6 copies/ml), and CSF cell 
count at that time point was very low (<1 cell/µl). To distin-
guish between reemerging PML with progressive lesion 
development, a rebound of MS after natalizumab with-
drawal, or the development of a late IRIS, undetectable by 
CSF analysis (more than 8 weeks after the last PE), we 
decided to perform a diagnostic brain biopsy. In parallel we 
added cidofovir to the previous treatment with mirtazapine, 
mefloquine and corticosteroids. Histopathological assess-
ment revealed an active demyelinating lesion and surround-
ing periplaque white matter, both heavily infiltrated by 
predominantly CD8+ T cells (see Figure 5). The latter find-
ing in particular of the diffuse and extensive inflammation 
of the normal-appearing white matter by CD8+ T cells 
helped to diagnose an IRIS. JC virus reactivity was not 
detected. Within several weeks, during which the patient 
was feeling well, the occipital lesion started to resolve. 
Subsequently the patient was put on glatiramer acetate ther-
apy in May 2010, which he has been on since then.

Serial analysis of immunological features 
during natalizumab treatment, PML, PE 
and development of IRIS – phenotype and 
dynamics of major immune cell subsets

We had the opportunity to analyze different immunological 
features of this patient over nearly 3 years (27 August 
2007–15 June 2010). As we have followed this individual 
for a large part of his natalizumab therapy and then later 
through the PML and IRIS, we were able to assess the 
immune status pre-PML, at PML and post-PML. The 
patient’s distribution of the major leukocyte subsets (CD4, 
CD8, CD19, CD14, Figure 2A) was assessed over various 
time points. Only 1 month after initiation of treatment, the 
patient’s distribution of CD4 and CD8 already differed 
from that of healthy donors (HD). In addition, he had very 
low peripheral B-cell levels at this point. Interestingly, dur-
ing the first 12 months of natalizumab treatment the CD4/
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CD8 ratio fell (from 0.86 to 0.48 during that time), and 
B-cell and monocyte counts were extremely low, but 
remained stable. During PML and IRIS, the distribution of 
these major peripheral subsets did not change significantly, 
the only exception being the comparatively low amount of 
T cells at the beginning of PML/time point of PML diagno-
sis (CD4: 12%, CD8: 38% of lymphocytes). After halting 
natalizumab treatment and during PE, levels of B cells con-
tinued to rise, eventually reaching levels of HD (20% on 15 
June 2010).

CD4 and CD8 T cells were further divided into major 
subsets by their expression of CCR7, CD25 and CD45 
(CD25+, naïve, central memory, effector memory T cells; 

Figure 2B, C). The distribution of the CD4+ T-cell com-
partment changed during the first 12 months of therapy 
(effector cells from 60% to 75%, central memory cells from 
27% to 12%, naïve cells from 8% to 5%). During PML, the 
peripheral distribution clearly shifted from CD4 effector 
cells to central memory cells, with a maximum of central 
memory cells (39%) before IRIS was diagnosed (18 
November 2009). During IRIS, the proportions of the 
peripheral CD4 compartments returned to the state recorded 
before PML. The CD25+ CD4 T cells percentages before 
and after PML were stable, but lower during PML.

The CD8 compartment (Figure 2C) presented unusually 
from the start (e.g. only 4% naïve cells at baseline), but 

Figure 1.  Overview of the clinical hallmarks, medication, and the magnetic resonance imaging  scans over the course of the 
treatment with indication of the three phases MS/PML/IRIS. 
On a common time axis magnetic resonance images (upper part), therapies (middle part) and the neurological assessment (lower part) are shown. 
The three consecutive episodes are highlighted differently, referring to the time of natalizumab treatment (white), the time of progressive multifocal 
leukoencephalopathy (PML) (dark grey) and finally the subsequent immune reconstitution inflammatory syndrome (IRIS) (light grey).

Table 1.  Cerebrospinal fluid clinical routine workup. Given are dates of cerebrospinal fluid draw, cell counts, amount of protein and 
virus load (assessed by NIH).

CSF taken Cell count [x/µl] Proteins [mg/dl] Virus load NIH [copies/ml]

16 July 2007 <1 53.3 Not analyzed
9 October 2009 1 36.7   8
2 November 2009 <1 33.8 11
13 November 2009 1 33.9 Not analyzed
08 January 2010 2 41.5 26
18 March 2010 <1 35.8   6
14 June 2010 6* 87.5 Negative

*bloody puncture
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showed more stability over the course of the natalizumab 
treatment. Upon onset of PML, however, the distribution 
had shifted from effector to memory effector cells (10% 
and 87%, respectively), which normalized after the PE and 
stayed stable afterwards.

We also studied expression of CD49d on T-cell subsets 
longitudinally (Figure 2D). CD49d expression is higher on 
CD8 than on CD4 T cells.17 During the first year of natali-
zumab therapy a slight downregulation of this surface 
marker was measurable. CD8+ T cells showed this more 
prominently than CD4 T cells (CD8: mean fluorescence 
index (MFI): 57 to 33; CD4+ T cells MFI: 20 to 15). 
Notably, upon onset of PML, both subsets showed an 
extremely low expression of CD49d (CD4: MFI 4, CD8: 
MFI 18). After PE, CD49d expression quickly recovered, 
indicating removal of natalizumab from the circulation. 
Interestingly, T cells continued to increase their CD49d 
expression, significantly exceeding levels at 1 month of 
treatment or levels of healthy controls. These results indi-
cate that CD49d surface expression in this patient was 
extremely suppressed under natalizumab therapy. Recovery 
started soon after PE, but continued over several months 
(observation period 7 months after PML diagnosis) clearly 
showing a ‘rebound’ of α4 integrin expression.

We further assessed major subsets of monocytes, char-
acterized by their cell-surface expression of CCR5 and 
CCR7. CCR7+ monocytes have been shown to be involved 
in the development of lymph node metastases in patients 
with lung cancer,18 esophageal cancer,19 and gastric can-
cer,20 whereas CCR5 is upregulated in tissue-resident 
monocytes.21 At the beginning of natalizumab therapy, vir-
tually no CCR7+ monocytes were detectable in peripheral 
blood, a finding consistent with the observations in healthy 
adults (own unpublished observations). We observed that 
onset of PML coincided with the appearance of CCR7+ 
monocytes in peripheral blood, while the number of CCR5+ 
monocytes decreased significantly (Figure 2E). The levels 
of CCR7+ and CCR5+ monocytes remained stable. 
Interestingly, the disappearance of peripheral CCR7+ 
monocytes and reappearance of CCR5+ in peripheral blood 
coincided with the onset of IRIS, which was demonstrated 
by MRI and later brain biopsy.

Migration of peripheral lymphocytes

Migratory capacity of lymphocytes is a prerequisite for 
immune reactions. To assess the ability of immune cells to 
transmigrate across the blood–brain barrier, we here used an 
in vitro system quantifying the transmigration of CD4 as 
well as CD8 T cells through human brain endothelial 
cells.8,17 The migratory capacity of CD4+ T cells was very 
low at the time of PML diagnosis (13 October 2009) with a 
mean of 134.5 ± 7.5 cells passing the endothelial barrier 

Figure 2.  Development of immune subpopulations in the 
course of the natalizumab treatment, PML, and IRIS.
A: Distribution of monocytes (as % of leukocytes), CD4+ and CD8+ T 
cells, and B cells (as % of lymphocytes).
B, C: Memory–effector compartments of CD4+ T lymphocytes (B) 
and CD8+ T lymphocytes (C), activation status as measured by CD25 
expression.
D: Expression of CD49d on CD4+ and CD8+ T cells.
E: Distribution of monocyte subpopulations (CCR5+ / CCR7+) over 
time.
The three phases are highlighted in white (multiple sclerosis, MS), dark 
grey (progressive multifocal leukoencephalopathy, PML) and light grey 
(immune reconstitution inflammatory syndrome, IRIS). An average of 
three healthy controls is shown to the right
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(mean (untreated, stable RRMS patients): 468.2 ± 61.2 n = 8) 
(Figure 3). Moreover, the patient’s CD8+ lymphocytes had 
a severely reduced capability to migrate, as there were very 
few cells detectable after having passed the layer within the 
18-h time frame (17 ± 8 cells; mean (untreated, stable 
RRMS patients): 292.8 ± 40.5 n = 8), indicating a severe 
failure especially of CD8 migratory capacity. Recovery of 
the migratory capacity started soon after initiation of PE and 
continuously progressed. Maximum levels were reached 
approximately 2 months after PML diagnosis and cessation 
of natalizumab (CD4+: 799.5 ± 43.5; CD8+: 275 ± 23). Of 
note, the increase of migratory capacity correlated with the 
recovery of CD49d expression, indicating a close link 
between these two factors (Figure 2D and Figure 3).

Analysis of the T-cell receptor repertoire by 
CDR3 spectratyping

The peripheral T-cell receptor (TCR) repertoire of CD4 T 
cells before PML diagnosis was comparable with other MS 
patients or healthy adults. CD8 T cells showed a lower 
complexity score than HD or MS patients. At the stage of 
PML diagnosis, diversity of the TCR repertoire was very 
low in both populations, indicating a strong restriction of 
the TCR repertoire. However, this is probably not attribut-
able to JCV-specific T cells, as the first detectable JCV-
specific CD8+ T-cell response, as assessed by HLA-A*0201/
JCV VP1p36 tetramer staining, became positive during IRIS 
(data not shown). Nevertheless, it cannot be ruled out that, 
at the time of PML diagnosis, CD8+ T cells reacted against 
JCV epitopes other than VP1p36. Immediately after PE TCR 
complexity reached its minimum, possibly reflecting the 
systemic recovery of the patient’s immune response and the 
generation of effector responses in the periphery. Thereafter, 
peripheral TCR diversity recovered within 2 weeks. 
Notably, while peripheral CD4 T cells reached nearly 

normal TCR complexity scores within approximately 
4 weeks, it took 8 months for CD8 T-cell complexity scores 
to recover (15 June 2010) (Figure 4).

Dominant monoclonal expansions were only found in 
the CD8 compartment, while the CD4 TCR repertoire 
showed mild perturbations within a Gaussian distribution 
at any of the examined time points.

Histopathological examination of the biopsy 
brain specimen

A stereotactical brain biopsy was performed, because of 
the progressive lesion development observed on MRI, 
which could not differentiate between PML, IRIS or fast-
developing MS lesions (no contrast enhancement). 
Conventional H&E (Figure 5A) as well as LFB/PAS 
(Figure 5B) stainings revealed two different areas: (1) a 
highly cellular active demyelinating lesion, and (2) sur-
rounding non-demyelinated white matter. The lesion 
showed a sharp border to the adjacent white matter in 
which myelin was completely preserved. Both areas were 
characterized by a diffuse as well as perivascularly accen-
tuated mononuclear inflammatory infiltrate. The demyeli-
nating lesion in particular was diffusely infiltrated by cells 
of the macrophage/microglia lineage. The pronounced 
lymphocyte inflammation was evident in demyelinating 
areas as well as in the non-demyelinated white matter 
(Figure 5C). It was dominated by T cells (Figure 5C), which 
were predominantly CD8-positive T cells (Figure 5D). 
However, perivascular B cells and high numbers of paren-
chymal plasma cells were also found (Figure 5E and 5F). 
A reactive astrogliosis with astrocytes showing a bizarre 
morphology was evident. Oligodendrocytes appeared 

Figure 4.  CDR3 spectratyping of blood-derived, magnetically 
isolated CD4+ and CD8+ T cells shows a slightly lower 
complexity during therapy, which is further reduced severely 
during PML, but recovers after plasma exchange.
Complexity of the CD4 and CD8 T-cell receptor repertoire with a com-
plexity ranging from 0 (no peak) to 1 (12 peaks/analyzed Vβ).

Figure 3.  Migration of T cells during natalizumab therapy and 
at the time of PML diagnosis is severely inhibited, but recovers 
after plasma exchange.
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Figure 5.  Inflammatory demyelinating lesion and adjacent white matter with pronounced, cytotoxic T-cell-dominated inflammation.
A: H&E staining shows strong infiltration of inflammatory cells in central nervous system tissue. 
B: Myelin staining with LFB/PAS recognizes a sharply demarcated demyelinated lesion as well as adjacent white matter. Arrows in A and B indicate 
edge of demyelinated lesion.
C, D: Within the non-demyelinated white matter a pronounced T-cell infiltrate is found (C, CD3), which consists almost exclusively of cytotoxic T 
cells (D, CD8). 
E, F: High numbers of B cells and plasma cells are also evident (E, CD20 and F, CD138). OM: A, B x40, C–F x100. WM = white matter
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activated, but no PML-characteristic nuclear changes were 
seen. Immunohistochemistry for SV40 viral antigens and 
JCV proteins as well as an in situ hybridization for JCV 
DNA were negative (not shown).

Discussion

Our report follows and monitors the clinical and immuno-
logical course of a patient treated with natalizumab who 
developed PML, recovered after PE and developed a very 
delayed and mild, clinically undetectable IRIS. We try to 
retrace how natalizumab could induce JCV-associated PML 
and how cessation of natalizumab or removal by PE recov-
ers immune functions. Further, we analyzed the immuno-
logical as well as histopathological aspects of IRIS, which 
in this case was asymptomatic and undetectable by CSF 
analysis and occurred 3 months after PE.

Changes associated with the onset of PML under natali-
zumab treatment included severe reduction of CD49d lev-
els, loss of migratory capacity of T cells (more pronounced 
for CD8 than for CD4 T cells), severe perturbations of the 
peripheral TCR repertoire and the appearance of peripheral 
CCR7+ monocytes. A clear distinction between changes 
that regularly occur under treatment with natalizumab22 and 
those that are clearly associated with an elevated risk for 
PML seems difficult. Our data suggest that the suppression 
of CD49d and the reduction of migratory capacity of CD4 
and, even more severe, of CD8 T cells could represent 
aspects that interfere with JC virus control in the CNS and 
thus might be linked to PML development, followed by the 
strong and prolonged rebound after cessation of natali-
zumab. Accordingly, along with the recovery of CD49d 
levels after PE, migratory function recovered.

Albeit our case report reveals some insights into the 
mechanisms associated with the loss of JC virus control, 
some caveats have to be considered before any general 
conclusions can be made. First, although this case report 
monitors longitudinal changes under therapy with natali-
zumab, it should be noted with caution that our patient 
already had phenotypical irregularities in his immune rep-
ertoire from the first month of natalizumab therapy 
onwards. Despite a history of mitoxantrone treatment 
(3 years prior to the initiation of natalizumab therapy), 
which is assumed to already increase the risk for PML 
development, there was however no history of any immune 
compromise. Parameters that were abnormal and could be 
associated with an increased risk of PML were the follow-
ing: even at month 1 under therapy, our patient showed a 
reversed CD4/CD8 ratio, very low peripheral B-cell counts 
and almost no peripheral naïve T cells. In the course of the 
first year of therapy, these abnormalities intensified. 
Further, expression of CD49d decreased on all T cells and 
the first disturbances in the CD8 TCR repertoire could be 
noted. At the beginning of PML (15 months after the last 

measurement) CD49d expression was nearly undetectable 
and CD8 T cells had lost their capacity to transmigrate the 
blood–brain barrier.

JCV-specific CD8 T cells are critical for the control of 
JC virus: JCV-specific CD8+ T cells have been shown to 
correlate with survival during PML.23,24 Therefore, inhibit-
ing the migration of these cells into the CNS could be a 
prerequisite for its development. As CD49d is important for 
a functioning immune response and CNS immune surveil-
lance,25 this effect of natalizumab is disconcerting, espe-
cially when the recovery time after PE in our case was 
followed by a rebound effect that boosted CD49d levels to 
unusual heights over the course of more than 8 months.

A second interesting part of our report is the first histo-
pathological evidence for a natalizumab-associated IRIS 
without obvious clinical signs. Histopathological data 
about lesion development are available from HIV patients 
with PML, who are at risk (5%) of developing IRIS after 
initiation of antiretroviral therapy.26–28 However, no detailed 
histopathological analysis of an IRIS syndrome after natali-
zumab therapy has been reported until now. Histopathology 
shows a dense lymphoplasmacytic infiltrate in the demyeli-
nating lesion and the surrounding non-demyelinated white 
matter, which is dominated by CD8+ T cells. The latter 
finding in particular, of the severe and diffuse CD8 T cell-
dominated inflammation in the normal-appearing, non-
lesional white matter, makes a rebound MS lesion after 
stopping natalizumab and PE as well as immunoabsorption 
unlikely. Thus, the typical IRIS histopathology is shown 
here. We could not detect JC virus in the brain biopsy, but 
demyelinating lesions without viral detection in HIV 
patients with IRIS after PML have also been described.28 
PML shows oligodendrocytes with nuclear inclusions at the 
lesion edge (so-called ground glass oligodendrocytes). The 
oligodendrocytes are lost within the lesions due to lytic 
viral infection. However, in our tissue oligodendrocytes are 
preserved within the lesion, as known from MS patients, 
and ground glass oligodendrocytes are not found. Bizarre 
astrocytes – present in our biopsy – are typical for PML 
lesions,29 but are also known from acute MS lesions as so-
called Creutzfeldt-Peters cells.30 Strikingly, our patient did 
not show any clinical deterioration despite typical IRIS 
pathology. This is paralleled by the description of a clini-
cally stable HIV patient with PML and a marked lymphop-
lasmacytic infiltration in biopsy tissue after initiation of 
antiretroviral therapy.27

Our report reveals immunological changes following 
long-term immunotherapy with natalizumab. Despite the 
pressing need for biomarkers indicating a risk for PML 
under this therapy, thus far only few candidates have 
evolved (for example, Gorelik et al.7). Ideally, the immune 
functions of potential patients would be tested before and 
under therapy. According to our data, patients with an 
overly strong reduction of their CD49d-dependent T-cell 
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CNS migration system could represent a subgroup at 
increased risk for a loss of CNS immune surveillance. The 
validation of these risk candidates needs further studies in 
larger cohorts of prospectively followed patients under 
long-term natalizumab therapy.
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