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List of abbreviations
ABC activated B cell-like

AID autoimmune inflammatory disease

ALL acute lymphoblastic leukemia

APRIL a proliferation-inducing ligand

BAFF B cell activating factor of the TNF family

BAFF-R B cell activating factor receptor

BCMA B cell maturation antigen

BCR B cell receptor

BM bone marrow

BLyS B lymphocyte stimulator

BR3 BAFF receptor 3

BTK Bruton tyrosine kinase

CART Chimeric antigen receptor T

CNS central nervous system

CR complete remission

CSF cerebrospinal fluid

CXCL9 C-X-C motif chemokine 9

CXCL13 C-X-C motif chemokine 13

DLBCL diffuse large B-cell lymphoma

EBV Epstein-Barr virus

ELISA enzyme-linked immunosorbent assay

FACS Fluorescence-activated cell sorting

FCS fetal calf serum

GC germinal center-like

HRP horse radish peroxidase

LN lymph node

MBT metastatic brain tumor
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MTX methotrexate

NHL non-Hodgkin lymphoma

NID neuroinfectious disease

OS overall survival

PB peripheral blood

PBT primary brain tumor

PCR polymerase chain reaction

PCNSL primary central nervous system lymphoma

TACI transmembrane activator and CAML
interactor

TNF tumor necrosis factor

TSA thyramide signal amplification

TWEAK TNF-like weak inducer of apoptosis

WBRT whole-brain radiation therapy
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2. Introduction

2.1 Primary central nervous system lymphoma

Primary Central Nervous system lymphoma (PCNSL) is a rare extranodal

nonHodgkin lymphoma (NHL) that is highly aggressive, and the brain, eyes, spinal

cord, and pia meninges are often involved, but there is no evidence of systemic

lymphoma(1, 2). More than 90% of PCNSL are diffuse large B-cell lymphoma

(DLBCL), expressing CD20, CD19, CD22, CD79a and other cell markers. T-cell

lymphoma, Burkitt lymphoma, and other low-grade lymphomas were rare (3). The

pathophysiology of PCNSL is not clear, it is more common in immunodeficient

patients and is associated with viral infection such as EBV(4). However, in

immunocompetent patients, the pathophysiology remains largely obscure. Over the

past 20 years, the incidence of PCNSL in immune-healthy patients has been

rising(3). Compared with radiotherapy alone, high-dose methotrexate based

polychemotherapy has greatly improved the prognosis of PCNSL patients, but the

efficacy has not reached a satisfactory point. Only 30%~40% of patients can obtain

sustained remission, especially fragile patients that do not qualify for high dose

chemotherapy have a dismal prognosis(5). Therefore, our studies aimed to

analyze the pathogenesis of PCNSL to find novel targets for treatment.

2.1.1 Epidemiology

PCNSL was initially characterized by Henry and his colleagues in 1974 (2). It

accounted for about 4% of all intracranial malignant tumors and 4%~6% of

extranodal lymphomas(6) (7). Moreover, it has an incidence of 0.4 per 100,000.

and the onset peak is between 60 and 65 years old, and it is more common in

males (male to female ratio is 1.2-1.7:1)(8).

2.1.2 Etiology and pathogenesis

The etiology and pathogenesis of PCNSL is not yet clear. PCNSL can occur in

people with compromised immune function and normal immune function, although

patients with comprised immune function are more prone to develop PCNSL. In
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these patients the immune system is compromised by long-term use of

immunosuppressive agents after transplantation or in autoimmune disease, or by

active human immunodeficiency virus (HIV) infection(9). In immunodeficient

patients PCNSL is mainly associated with an infection with Epstein Barr Virus (10).

There are several theories that explain the formation of PCNSL. On one hand,

transformation of B cells into malignant B-cells may occur in the periphery and

these malignant B-cells enter the central nervous system where they are less

prone to be eradicated by the immune system(11). On the other hand, malignant

B-cells may stem from undifferentiated pluripotent stem cells in intracranial blood

vessels(12). Another hypothesis argues that a high expression of bcl-2 in B-cells

inhibits apoptotic genes and is associated with a higher risk of PCNSL while low

expression of Bax and Bcl-X genes in PCNSL may be related to their important

role in improving lymphocyte survival (13, 14). Epigenetic changes including

MGMT, DAPK, CDKN2A and RFC caused by the corresponding CpG island

methylation have been described in PCNSL(15). Furthermore, dysfunction of

several signaling pathways including JAK/STAT and NF-κB signaling pathways

may promote tumor proliferation and survival(16-18). Recently our study also

identified a possible link between PCNSL and CNS inflammation, which may

represent an additional mechanism for the occurrence of PCNSL(19).

PCNSL is tumor that is centered around vessels. 90% to 95% of PCNSL are

DLBCL, expressing markers like LCA, CD19, CD20, CD22, CD79a and My-1(20),

However, whether malignant B-cells belong to the activated B-cell (ABC) or the

germinal center (GC) B-cell type is still controversial(4). The vast majority of

PCNSLs express MUM-1 (> 95 %) that is highly suggestive of late germinal center

and/or activated B cells(21). As a typical marker of GC B cells, 50-80 % PCNSLs

express BCL6(14).

2.1.3 Clinical manifestations

The clinical symptoms of PCNSL depend on its location in the CNS. The vast

majority of the lesions of PCNSL are distributed in the cerebral hemispheres, the

basal ganglia and the corpus callosum (22). Tumor cells infiltrate the white matter

tract and internal capsule of corpus callosum, which results in personality changes
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and cognitive decline(22). Mass edema and compression may lead to loss of

speech function, limb paresis, headache, nausea and vomiting. Infiltration of the

walls of the third ventricle can lead to abnormal secretion of antidiuretic hormones,

diabetes insipidus, increased appetite, and decreased libido. The invasion of the

fourth ventricle and the brainstem may cause dizziness, ataxia, and intractable

vomiting. Tumor invasion of cranial nerves may cause corresponding symptoms,

and invasion of the spinal cord may cause myelopathy related manifestations(4).

Some patients with ocular involvement present with blurred vision, impaired vision,

eye pain, photophobia, floaters, and usually fatigue and binocular involvement(3).

Due to the aggressive growth pattern of PCNSL, symptoms are often rapidly

progressive (23-25).

2.1.4 Diagnosis

Magnetic resonance imaging (MRI) is the first choice for evaluating PCNSL.

PCNSL usually present as unifocal homogenously contrast enhancing tumors.

Less frequently, contrast enhancement is patchy or absent (26-29).However, MRI

features may be nonspecific and usually cannot be distinguished from other brain

tumors like malignant glioma, metastasis or lesions of inflammatory origin(22).

Therefore, histopathologic proof is obligatory. Biopsy can be obtained by operative

resection or stereotactic biopsy. Steroids are lymphcytoid and may lead to a

temporary regression of PCNSL and non-diagnostic biopsy. Therefore, steroids

should be avoided before histology is obtained (30).

2.1.5 Prognosis

PCNSL are highly aggressive tumors and the prognosis is poor, without tumor

specific treatment, the median survival is weeks to months(31). Age and poor

clinical performance are the most important prognostic variables(32).

Currently, Two scoring systems are commonly used, the International extranodal

Lymphoma Study Group (IELSG) and the Memorial Sloan Kettering Cancer Center

(MSKCC) prognostic score. For the IELSG five variables were independent

predictors of poor outcome : the physical state (Eastern Cooperative Oncology

Group score) > 1, age > 60 years, increased serum lactate dehydrogenase (LDH)
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levels, high CSF protein concentrations, and tumors deep in the brain(33). The

total 2-year overall survival rate in the patients who met IELSG variables, with zero

to one, two to three, and four to five unfavorable variables were 80%, 48% and

15%, respectively(33). The MSKCC score was divided into three groups by age

and Karnowski's performance (KPS): age ≤50 years, age> 50years and KPS≥70,

age>50 years and KPS<70，and the median overall survival were 8.5, 3.2 and 1.1

years respectively(34).

2.1.6 Therapy strategies

PCNSL shows highly invasive growth, therefore surgical resection usually is not

generally recommended. In the setting of hydrocephalus, uncontrolled mass effect

or a single and safely resectable lesion it can thus be evaluated (3).PCNSL are

sensitive to radiation and chemotherapy. It has been reported that local enhanced

radiotherapy can prolong the survival time of patients, but the median survival time

is only 1 year, and tumor recurrence is inevitable(35). The combination of

chemotherapy and radiation led to a longer survival time(36). However, combined

treatment was reported with an increased exposure of severe delayed

neurotoxicity, leading to profound gait impairment, cognitive decline and

incontinence (37, 38). Therefore, radiotherapy is usually deferred or dose reduced

radiation protocols are used(39).

High-dose methotrexate (MTX) has evolved as the most effective treatment(40). In

modern treatment protocols it is usually combined with other chemotherapeutics

like cytarabine, Ifosfamide or temozolomide(41). As relapses are frequent, in

young healthy patients, induction chemotherapy can be combined with

consolidating myelosuppressive high-dose chemotherapy followed by autologous

stem cell transplantation in young and healthy patients(42).

However, especially in older patients satisfactory remission rates are usually not

achieved(43). About 30% of PCNSL do not respond to treatment and about half of

patients relapse(44). Therefore, novel therapeutic strategies improving patient

survival are urgently warranted.
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In recent years, a variety of new targeted drugs have emerged, making the

treatment of PCNSL leap from traditional chemotherapy to precision therapy.

Targeted therapies include the CD20 antibody rituximab(44), the mTor inhitor

Temsirolimus(45) or, as PCNSL relies on BCR signaling pathways the BTK

inhibitor ibrutinib (46). Furthermore, immune modulatory drugs like pomalidomide

or checkpoint inhibitors show promising activity(47).

2.2 The BAFF/BAFF-R Pathway

2.2.1 The introduction of BAFF and BAFF-R

BAFF(B cell activating factor of the TNF family) belongs to the TNF superfamily

(TNFSF), also known as BLyS (B lymphocyte stimulator), was identified in 1999 by

several groups (48, 49). It shares high homology with two other members of the

TNFSF: the TNF-like weak inducer of apoptosis (TWEAK) and a

proliferationinducing ligand (APRIL)(50). Human BAFF is a type II membrane-

bound protein , consisting of 285 amino acids and available in several splicing

variants: membrane-bound or soluble monomer or trimers, homotrimers or

heterotrimers(50).Soluble BAFF is released from the cell membrane by

cleavage(48) and this process is stimulated by CD40L, IL-10, G-CSF, IFN-γ and

IFN-α(51) and EBV infection(10). Up to now soluble BAFF was found to play a

relevant part for B-cell biology in vitro and in vivo. There has been evidence that

BAFF regulates human B-cell proliferation and that It can induce isotype

conversion of immunoglobulin (Ig) by stimulating B cells to secrete IL-10(52).

Concurrently, in vitro BAFF stimulated Ig generation upon B-cell receptor (BCR)

interaction with anti-IgM(48). Furthermore, BAFF increased the activity of a B-cell

specific transcription factor Pax5(Pax5/BSAP)(53). Nonetheless, the differential

functions of the other forms of BAFF remain unclear.

BAFF performs its function by binding to three known receptors (54): TACI

(transmembrane activator and calcium modulator cyclophilin ligand interactor),

BCMA (B-cell maturation antigen) and BAFF-R [also called BR3(BAFF receptor 3),

CD268 or TNFRSF17]. Expression of the latter two receptors(BCMA and BAFF-R)

are restricted to B-cells, while TACI is expressed on both B-cells and activated
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Tcells(55). On the other hand, TACI and BCMA interact with both BAFF and APRIL,

while BAFF-R binds only to BAFF(see Figure 1)(56). Additionally, BAFF-R has 100

times more affinity with BAFF than BCMA and TACI, which indicated that the

binding of BAFF to multiple B cell lines was strongly correlated with the surface

expression of BAFF-R, weakly with another two receptors (57, 58).

BAFF-R is a type III transmembrane protein made up of 184 amino acids. The

human BAFF-R gene (TNFRSF13C) is positioned on chromosome 22q13.1–13.31.

Except in bone marrow plasma cells, human BAFF-R is diffusely expressed in all B

cells(53). However, it has also been shown that a small number of stationary

human T cells bind to soluble BAFF through BAFF-R, and BAFF-R secretion

increases after in vitro stimulation(58). In addition to the plasma membrane,

BAFFR can also be found in the cytoplasm, the nuclear envelope, and the

nucleoplasm(59).

Both BAFF-R−/− and BAFF−/− mice were found to suffer a severe decrease in

mature B cells(59, 60). By comparison, neither BCMA−/− nor TACI−/− mice display

any B cell shortage(61, 62), substantiating BAFF-R as the fundamental receptor for

BAFF-dependent B cell survival. In vitro experiments showed that BAFF increased

the chemotaxis of B lymphocytes to CCL21, CXCLl2, and CXCLl3, and this effect

was attenuated by BAFF-R blocker(63). Meanwhile, the effect of BAFF and BAFF-

R on B lymphocytes was highly dependent on the activation of NF-κB signaling

pathway(63). Therefore, the NF-κB pathway was found to be the critical

downstream mediator of BAFF / BAFF-R in B-cells. BAFF/ BAFF-R induces NF-κB

activation through two pathways (canonical pathway and alternative pathway), to

regulate transcription of target genes, and to preserve B cells from spontaneous as

well as drug-induced apoptosis(64, 65). Mice that are short of elements of the

alternative NF-κB pathway exhibit consequences resemble those of BAFF or

BAFF-R knockout mice(66).
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Figure 1 Summary of BAFF/BAFF-R axis in B cells. BAFF has high affinity with BAFF-R and TACI but low

affinity (humans) or no affinity (mice) with BCMA, while APRIL binds only to TACI and BCMA. NF-κB is the

primary downstream signaling pathway of BAFF receptors in B cells. BAFF/ BAFF-R induces NF-κB activation

through two pathways (canonical pathway and alternative pathway), regulates target genes transcription and

preserves B cells from spontaneous and drug-induced apoptosis. Adapted from(57).

2.2.2 The function of BAFF/BAFF-R in B-cell malignancies

The effect of BAFF/BAFF-R in B cell development raised the question whether

BAFF/BAFF-R was involved in B cell malignancy pathogenesis. BAFF and NF-κB

may form a positive feedback loop, the expression of BAFF gene can activate both

classical and non-classical NF-κB signaling pathways, and the activated NF-κB

pathways can in turn promote the expression of BAFF, thus facilitating the survival

and proliferation of malignant B cells(67, 68). BAFF and APRIL also can support

the survival of non-Hodgkin lymphoma(NHL) cells in vitro by upregulation of BCL2

and BCLxL but downregulation of BAX (69). The level of BAFF in peripheral blood

serum of NHL patients was significantly increased, and was positively correlated

with the aggressiveness of the disease, but negatively correlated with the

prognosis of patients (70-72). On the other hand, BAFF/BAFF-R is also found to

increase proliferation and survival of DLBCL cells(73-77). A cohort of 66 patients
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with DLBCL treated with rituximab combined with CHOP (R-CHOP), revealed that

serum BAFF can be used to predict overall survival (OS) and progression-free

survival (PFS) prognosis after R-CHOP treatment. Higher BAFF serum levels had

fewer responses to treatment and the levels correlated with relapse and

progression (71). Interestingly, BAFF-R is also found to be dysregulated in some

subtypes of aggressive B-NHL like B-lineage acute lymphoblastic leukemia (ALL),

in which all the samples of patients tested were positive for high BAFF-R cell

surface expression(74).

2.2.3 BAFF/BAFF-R in primary CNS lymphoma

BAFF expression in normal human brain is about ten times lower than in lymphoid

tissue expression (tonsils and adenoids), and is mainly produced by astrocytes(78).

In the immunohistochemical study of PCNSL patient samples, BAFF transcription

and expression has been detected in both malignant B cells and astrocytes(78).

Furthermore, BAFF receptors were found to be strongly expressed in situ,

indicating that autocrine and paracrine mechanisms of BAFF and its receptors are

possibly involved for promoting proliferation and survival of the malignant B cells in

PCSNL (76, 79). On the other hand, The level of BAFF in CSF in PCNSL patients

was significantly higher than that in other lesional neurological diseases (80).

However, CSF levels of soluble TACI and soluble BCMA levels were also higher in

PCNSL patients, which may limit the local availability of BAFF(81, 82). Consistent

with these findings, our group also confirmed the high expression of BAFF and

APRIL as well as their receptors in PCNSL specimens, and APRIL alone or in

combination with BAFF may serve as biomarkers for diagnosis and treatment of

these patients (83, 84).

2.3 Aims of the Paper I

As mentioned above, In PCNSL, BAFF transcription and expression has been

detected in both malignant B cells and astrocytes(78). Patients with PCNSL

showed remarkably enhanced BAFF CSF levels when in contrast with other

lesional neurological diseases(80). Our previous work has confirmed a high

expression of BAFF and BAFF-R in PCNSL specimen(83) and we hypothesized
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that there may be a potential role of autocrine BAFF/BAFF-R signaling in the

pathophysiology of PCNSL. Since BAFF-R is the most unique BAFF receptor in

Bcells, although BAFF-R express characteristics in PCNSL has been described

previously, its significance for PCNSL pathophysiology remains unclear. We

hypothesized that BAFF-R is critical for the survival and growth of PCNSL.

Consequently, the objectives of this thesis were:

- to construct a BAFF-R knockout DLBCL cell line in vitro

- to determine the particular contribution of BAFF-R to DLBCL proliferation and

survival in vitro

- to create a novel animal model of PCNSL

- to combine this animal model with a chronic cranial window and repeated

intravital fluorescence microscopy

- to follow in vivo development and progression of orthotopic PCNSL

- to estimate the consequence of BAFF-R absence on PCNSL in vivo.
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2.4 Chimeric Antigen Receptor (CAR) T cells and lymphoma

2.4.1 Chimeric Antigen Receptor (CAR) T cells

CAR is a synthetic transmembrane structure consisting mainly of three domains:

extracellular domain, transmembrane domain and internal domain(85). Its

extracellular domain is a single stranded variable fragment scFv, usually CD3ζ,

mainly for antigen recognition. Transmembrane domains mainly guarantee CAR

stability. The intracellular domain is a T cell signal transduction domain, which

promotes signal transduction and activates T cells during antigen

recognition(86). Unlike ordinary T cells, which identify antigens by T cell

receptors (TCR), CAR-T cells recognize tumor-associated antigens (TAA) on the

surface of tumor cells through extracellular sc Fv without limitation of major

histocompatibility complexes (MHC).

Autologous CAR T cells are generated by patient derived T cells that are

incubated with viral vectors encoding CAR by gene transfection. Specificity,

killing activity and persistence of the transfected T cells were upgraded after

purification and large-scale amplification, which could overcome tumor immune

escape and immune tolerance, specifically identify and efficiently kill tumor

cells(87).

2.4.2 CAR-T in the treatment of CNS lymphoma

CAR-T treatment has brought great changes to the treatment of B lymphocyte

tumors(88, 89). Anti - CD19-CAR-Tcells have shown therapeutic success in the

treatment of multiple subtypes of B cell lymphomas (including DLBCL, follicular

and marginal region lymphoma)(90)and even can induce long -term persistent

complete remission in patients with partially recurrent / refractory DLBC(91).

First data indicates, that CAR-T cells can be utilized to treat secondary central

nervous system lymphoma. A 68-year-old woman suffered from secondary CNS

manifestation of DLBCL progressed after previous chemotherapy and allogeneic

hematopoietic stem cell transplantation. When she was served with
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CAR-T cells targeting CD19 she got completer remission (CR) after 1- month

clinic follow-up (by PET/CT and brain MRI validation), subcutaneous recurrence

was confirmed by biopsy at the second month of follow-up, but after biopsy

CAR-T cells spontaneously proliferated and she reconfirmed as CR at the third

month of follow-up. The remission lasted up to 12 months and there was no

neurotoxicity, graft-versus-host disease or other serious side effects. After more

than a year of CAR-T treatment, the patient eventually died of tumor recurrence,

but the disease never recurred intracranially(92).The results show that CAR-T

cells can pass through the blood-brain barrier and can be applied to cure CNS

lymphoma. In another retrospective summary of CAR-T therapy treatment

SCNSL, a total of 8 patients were included. CAR-T therapy also achieved

encouraging therapeutic effects for these patients(93), therefore further

evaluation and study should be made for the PCNSL patients in the future.

2.5 Aims of the Paper II

While CAR-T has significant preclinical and clinical therapeutic effects on B cell

malignancies, the efficacy of CAR-T cells in PCNSL has never been evaluated.

moreover, many important aspects of CAR-T cell biology remain unclear,

including the dynamics of their recruitment and positioning inside the tumor, their

interaction with tumor cells, CAR-T cell behavior after tumor regression, and

prolonged persistence in the brain.

Therefore, the purposes of the project were:

-to assess the therapeutic effects of second-generation anti-CD19CAR-Tcells in

PCNSL

-to answer fundamental questions about CAR-T cell biology within the brain,

including tumor invasion patterns, migration, positioning and long-term

persistence.

3. Summary (English)
Primary lymphoma of the central nervous system (PCNSL) is a rare and

aggressive extranodal non-Hodgkin's lymphoma. It is limited to brain, pia

meningeal, spinal cord, and eyeball tissue invasion, but no other tissue or lymph
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node involved. The etiology and pathogenesis of PCNSL is incompletely

understood. Compared to other systemic lymphoma, PCNSL still have a dismal

prognosis and limited treatment options, especially in patients with progressive

or recurrent PCNSL. Therefore, novel therapeutic strategies are urgently

warranted.

3.1 The Function of BAFF/BAFF-R signaling in the growth of

PCNSL

BAFF binds to its specific receptor BAFF-R to promote B cell proliferation and

survival, and BAFF-R expression can be up-regulated in many B cell

malignancies, including DLBCL cells. To date it is unknown whether

BAFF/BAFF-R contributes to the pathogenesis of PCNSL. Our study dissects

the role of BAFF-R in controlling survival and proliferation of DLBCL and, in

particular, its contribution to the development and survival in an orthotopic

PCNSL mouse model. We found that autocrine BAFF-R signaling is essential to

protect tumor cells against serum deprivation stress. Furthermore, we were able

to supervise intracranial tumor growth across time applying a microsurgically

implanted chronic cranial window. Thereby, we demonstrate that after knockout

of BAFF-R applying CRISPR-Cas9, tumor growth in an orthotopic PCNSL model

is reduced, leading to prolonged survival in mice. Additionally, our results

showed that anti-BAFF-R has the same effect as BAFF-R knockout in vitro,

indicating that anti-BAFF-R may be targeted as a precision therapy, further

preclinical investigations are required to confirm this hypothesis.

3.2 The efficacy and biology of CAR T cells in the PCNSL

Although CAR T cell treatment has brought great changes to the treatment of B

cell malignancies, there are no reports whether this approach can be used to

treat PCNSL. Important questions, like the dynamics of the intracranial and

intratumoral CAR T recruitment, their interactions with the tumor cells and their

persistence in the CNS and the periphery have not been characterized in detail.

We could show that intracranial injection of a small amount of anti-CD19 CAR T

cells can lead to complete regression of large, established intracranial tumors.
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We also demonstrated that anti CD19 CAR-T cells invade PCNSL in high

numbers. In the first week after CAR-T cell injection, anti-CD19 CAR-T cells

migrated at speeds lower than mock CAR-Tcells, preventing tumor progression,

suggesting anti-tumor cytotoxicity. At later time points, the number of anti-CD19

CAR-T cells increased, and proliferation could be observed. Anti-CD19 CAR-T

cells persisted in the CNS for more than 150 days. Furthermore, anti-CD 19

CAR T cells entered the blood stream and persisted in the draining and

undraining lymph nodes. Our research illustrates the high potential of antiCD19

CAR T cell treatment in PCNSL.

4. Zusammenfassung (Deutsch)
Primäre ZNS Lymphome (PZNSL) sindseltene, extranodale Non-

HodgkinLymphome, die sich nur im ZNS und dessen Anhangsgebilden

manifestieren.Die Pathogenese des PZNSL ist nur unzureichend verstanden.

Trotz intensiver Therapien ist die Prognose des PZNSL weiterhin schlecht,

insbesondere für ältere Patienten und Patienten im Rezidiv. Neue

Therapiestrategien werden daher dringend benötigt.

4.1 Die Rolle der BAFF-R-Signalübertragung beim Wachstum

von PCNSL

BAFF-R ist ein Transmembranprotein, das bei vielen B-Zell-Malignomen,

einschließlich dem systemischen diffus großzelligen B-Zell Lymphom (DLBCL)

hochreguliert ist. Bisher ist nicht bekannt, ob die BAFF/ BAFF-R vermittelte

Signalkaskade zur PathogenesedesPZNSL beiträgt. Ein Projekt der kumulativen

Doktorarbeit beschäftigen sich daher mit derRolle von BAFF-R für das

Überlebens und die Proliferation von DLBCLin vitro undin vivo im orthotopen

Mausmodell des PZNSL. Wir konnten zeigen, dass die autokrine BAFF-R-

Signalübertragung wesentlich daran beteiligt ist, das Überleben von

Tumorzellen unter Stressbedingungen durch Nährstoffentzug zu regulieren.

Darüber hinaus konnten wir das intrakranielle Tumorwachstum mithilfe eines

mikrochirurgisch implantierten chronischen Schädelfensters longitudinal im
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Zeitverlauf überwachen. Dadurch konnten wir zeigen, dass nach dem

Ausschalten von BAFF-R unter Verwendung von CRISPR-Cas9 das

Tumorwachstum in einem orthotopen PCNSL-Modell verringert ist, was zu

einem verlängerten Überleben im Mausmodellführt. Eine zielgerichtete Inhibiton

von BAFF-R stellt somit einen vielversprechenden therapeutischen

Angriffspunkt in der Behandlung von PZNSL dar. Weitere präklinische Studien

sind erforderlich, um diese Hypothese zu beweisen.

4.2 Die Wirksamkeit und Biologie von CAR-T-Zellen im PCNSL

Chimäre Antigen-Rezeptor T Zellen (CAR-T Zellen) haben in der Behandlung

von systemischen B-Zell Malignomen zu eindrucksvollen Behandlungserfolgen

geführt. Ob diese Therapie auch zur Behandlung von PZNSL eingesetzt werden

kann ist jedoch bislang ungeklärt. Zudem ist die Dynamik einer etwaigen

intrazerebralen bzw. intratumoralen Rekrutierung von CAR-T Zellen, deren

Interaktion mit Tumorzellen sowie ihre Persistenz bislang nicht auf zellulärer

Ebene in vivo untersucht.

Wir konnten zeigen, dass die intrakranielle Injektion einer geringen Anzahl von

anti-CD19 CAR-T-Zellen zur vollständigen Regression großer, etablierter

intrakranieller Tumoren führen kann. CART-Zellen infiltireren solide PZNSL. In

der ersten Woche nach der CAR-T Zell injektion migriertenanti-CD19 CAR-T

Zellen mit deutlich niedrigerer Geschwindigkeiten als mock CART-Zellen.

Zudem kam es zu einer Tumorregression, was antitumorale Zytotoxizität

nahelegt. Zu späteren Zeitpunkten kam es zu einer deutlichenintratumoralen

Proliferation der anti-CD19 CAR-T Zellen . Anti-CD19 CAR-T Zellen ließen sich

mehr als 150 Tage im ZNS nachweisen. Anti-CD19 CAR-T Zellen ließen sich

auch im peripheren Blut sowie in den drainierenden und nicht drainierenden

Lymphknoten nachweisen.

Unsere Forschung zeigt das hohe Potenzial der Anti-CD19-CAR-T-Zell therapie

zur Behandlung des PZNSL.

5. Paper I

Front Oncol. 2020 May 27;10:682. doi: 10.3389/fonc.2020.00682.



22
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