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� Abstract
The submission describes in the form of a communication recent experiences with a promising new therapeutic approach for
amyotrophic lateral sclerosis (ALS). This approach is based on imaging cycler microscopy that led to the discovery of ALS specific
cells in the blood, which invade the pyramidal system (lateral corticospinal tract) of ALS patients, where they compress motor axons.
The depletion of these cells leads to remission of clinical symptoms and demonstrates the important role of these cells in ALS. The
therapy will be offered to ALS patients in licensed and certified centers (in progress). © 2020 International Society for Advancement of

Cytometry
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IMAGING cycler microscopy (ICM) is a device that can
resolve randomly large toponomes in intact cells and tissues
(1–3). Toponomes are defined as the spatial network code of
proteins and other biomolecules (3). ICM has led to new
insights into amyotrophic lateral sclerosis (ALS) (4).
Toponomes are achieved when ICM overcomes the spectral
resolution limit between 300 and 400 nm (visible light) by
any number of incubation imaging bleaching cycles with
scattered light similar to sunlight (1, 2). This leads to “molec-
ular landscapes” in one and the same cell or tissue, which
were previously unknown (2, 4, 5).

The application of imaging cycler microscopy (ICM) led
to the description of the molecular geometry of ALS (4). The
topological combinatorial molecular resolution, which fulfills
the criteria of a highly organized molecular system (Zipf’s
law) (2, 6), revealed that in ALS high-dimensional molecular
patterns occur in individual mononuclear blood cells (4, 7).
These cells proved to be highly pathogenic since they pene-
trate the postcapillary venules of the tractus corticospinalis
lateralis of the pyramidal tract (in ALS postmortem tissue
Fig. 1a) (4). Inside the aforementioned tract they compress
motor axons (Fig. 1d) (4). This mechanism is carried out by

means of two cell extensions, which express CD8 and CD3 at
a distance of 855 nm (Fig. 1d, image on the right). This dis-
tance does not allow a cytotoxic action against the motor
axon, but is in keeping with an axon-compression-associated
accumulation of transactive response DNA-binding protein
43 kDa (TDP-43) in ALS (4). These pathogenetic mononu-
clear cells are detectable in peripheral blood only of ALS
patients (4, 7, 8) (Fig. 1b). As already discussed motor axon
compression by axotomy-competent cells (ACC) might be a
proximal cause of TDP-43 accumulation (4). Together these
data suggest that ACC appear to be involved in the pathogen-
esis of ALS. Depletion of ACC by extracorporal photopheresis
(ECP) showed that ACC were sensitive to ultraviolet A
(UVA) irradiation (Fig. 1c). A 59-year-old male patient with
suspected ALS showed ACC in his blood (Fig. 1b) and was
therefore treated with ECP series over seven cycles at 14-day
intervals (8). Figure 1c,e (gallery image) shows that the patho-
genetic mononuclear cells (ACC) react very sensitively to
UVA irradiation: while the molecular ICM-phenotype is
retained (topological profiles below the gallery in Fig. 1e), the
morphology of the cell is strongly altered, so that the cell
polarization required for invasion of the pyramidal tract
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(as in Fig. 1a) (4) and axon compression (Fig. 1d, on the
right) can no longer be functionally achieved. Therefore,
seven ECP were performed to determine whether this finding
can be observed constantly over a period of about 7 months.

The latter turned out to be the case (Fig. 1e). After this time,
ACC were no longer detectable in the blood, while the initial
symptoms of ALS (as described in the figure legend) dis-
appeared and were permanently undetectable over a period of

FIGURE 1. Legend on next page.
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1 year. Since ALS does not remit spontaneously, the effect
described is likely due to the therapeutic depletion of the
ACC cell type. This can be explained by the above-mentioned
pathophysiology of the sequence of events (ACC invasion,
ACC axon compression). All patients diagnosed with ALS
examined to date showed ACC in the blood, with the number
per liter of blood corresponding to the rate of progression:
ALS with 140 million ACC per liter of blood progressed three
times as fast as ALS with 50 million ACC per liter of blood
(8). This finding also supports the pathogenetic role of ACC
in ALS and since therapeutic depletion is associated with clin-
ical remission of symptoms, the relationships described above
demonstrate a central role of ACC in ALS.

In conclusion, the facts briefly described here show that
the systematic mapping of very high-dimensional, combinato-
rial functions of protein networks, also called the biological
code (9) or the toponome (3), can lead to significant insights
into disease mechanisms and new efficient therapeutic
approaches. Similar topological approaches to the problem of
spatial networks in cancer (10, 11) are also expected to lead
to new forms of therapy, as they are based on topological dis-
ease mechanisms that cannot be identified by biochemical
proteomics approaches (12).

Note that certified/licensed centers offering the described
therapy are in progress.

Remark: The ICM-control of the ECP procedure is man-
datory in order to readily detect unwanted sideeffects and
determine the endpoint of the ECP treatment.
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FIGURE 1 (a) Mononuclear cell in the process of transmigration through the postcapillary endothelium (yellow) in the tractus

corticospinalis lateralis (postmortem study (4)). (b) The same cell type as seen in (a) in the blood circulation of a patient with initial ALS

symptoms (same profile). (c) The cell type under (b) was irradiated with UVA light (extracorporal photopheresis); it can be seen that the

molecular phenotype (high-dimensional protein profile below (a–c)) in (b) is preserved, while the cell morphology is strongly altered. The

protein profile shown in (a–c) is topologically resolved and contains the so-called lead proteins CD8/CD16 (arrows), while the morphology

of the cell (c) is severely altered, so that pathological homing to the tractus corticospinalis lateralis is most likely not possible anymore.

(d) The micrograph on the right taken by an ICM robot (in the postmortem study (4)) shows neural cell adhesion molecule (NCAM)-

expresssing axon (asterisk), which is compressed by the two cell-extensions expressing CD3 (red) and CD8 (blue) with an aberrant

distance of 855 nm. This distance does not allow for cytotoxic actions against the motor axon (blue). For an active cytotoxic action against

the axon a distance of CD3 and CD8 receptors as schematically shown in (d, on the left) would be required to generate cytotoxic

cascades. The cell extensions belong to the invasive mononuclear cell in ALS, which is described in the text. (e) ICM robotics was used to

analyze mononuclear cells of the above-mentioned patient with early stage suspected ALS. Image gallery cell top left (date October

24, 2016): the so-called axotomy competent cell (ACC) as above under (b) before photopheresis treatment (note: blue color = cell nucleus).

All images of the gallery in (e) were taken by an ICM robot for precise subcellular localization of 18 cell surface proteins (see profile below

the images; note: proteins indicated by horizontal arrows are the so-called lead proteins (4)). The corresponding cell form was treated

with an extracorporal photopheresis series from October 24, 2016 to December 4, 2017 and subjected to the Imaging Cycler control in the

respective treatment sessions (from December 21, 2016 to December 4, 2017). A clear morphological UVA-induced change can be seen,

which no longer permits physiological cell functions such as cell polarization. During the whole session of ECP treatment the molecular

phenotype is preserved (protein profiles below the image gallery in (e)). After this phase (see image gallery) the cell type was no longer

detectable in the patient’s blood circulation. Results of photopheresis treatment (e) were accompanied by neurological controls with the

results as follows (neurological findings sorted by date of clinical examination): December 1, 2016: suspected motoneuron disease; EMG:

chronic neurogenic remodeling of Musculus biceps brachii on the right and left hand side, in Musculus interossius dorsalis on the right-

hand side; December 12, 2016: same findings as on December 1, 2016; February 27, 2017: no generalized fasciculations, little fluidity in

the disease process, condition stabilized, subjective findings significantly improved, good prognosis; May 12, 2017: pain completely gone,

condition stabilized; August 24, 2017: no pathological spontaneous activity in the EMG, no evidence of disease susceptibility; Since

December 4, 2017 recurrences of clinical signs were not reported. These clinical results were documented by neurological facilities of the

Ludwig-Maximilians-University, Munich. (a–d) Cell diameter approximately 10 μm; (e) cell diameter approximately 7 μm. ALS,

amyotrophic lateral sclerosis; ECP, extracorporal photopheresis; EMG, electromyography
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