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Cytotoxic T lymphocyte antigen 4 (CTLA-4) is a coinhibitory receptor 
that regulates T lymphocyte activation. CTLA-4 interacts with CD80 
or CD86 and competes with CD28. This interaction blocks the T cell 
receptor signaling (1). CTLA-4 mutations may trigger an immune 
dysregulatory environment which could lead to the occurrence 
of several autoimmune diseases and various malignancies. These 
dysregulatory diseases may include autoimmune hemolytic anemia, 
autoimmune thrombocytopenia, skin diseases like psoriasis and could 
cause lymphadenopathy, granulomatous lymphocytic interstitial lung 
disease, organ infiltration, solid cancers, respiratory tract infections, 
and enteropathy (2). The presence of CTLA-4 mutations can also affect 
the central nervous system (CNS) with both brain and spinal cord 
involvement. This involvement could be either with infiltrative lesions 
or demyelination lesions as seen in Multiple Sclerosis (MS)(3). Here, we 
present a case of lymphomatoid granulomatosis (LG) due to CTLA-4 
mutation with lung and nervous system involvement. 

CASE
A 26-year-old female patient with a history of autoimmune hemolytic 
anemia diagnosed in 2003, immune thrombocytopenia diagnosed in 
2011, and upper respiratory tract infections at least 3 times a year since 

INTRODUCTION
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Cytotoxic T-lymphocyte antigen-4 (CTLA-4) haploinsufficiency is the 
defect of one of the checkpoint inhibitory molecules and defined as a 
primary immunodeficiency characterized by immune dysregulation. A 
26-year-old female with a history of autoimmune hemolytic anemia, 
autoimmune thrombocytopenia, and hypogammaglobulinemia 
was admitted with an inability to walk, urinary hesitancy, and bowel 
incontinence. Neurological examination revealed mild weakness, 
pyramidal, and deep sensorial involvement of the left lower extremity. 
Brain MRI revealed periventricular, juxtacortical, and cerebellar 
inflammatory lesions. Thoracic spinal MRI showed a longitudinaly 
extensive cord lesion. Additionally, thoracal CT showed parenchymal 

opacities and bilateral hilar lymph nodes. The biopsy from mediastinal 
lymph nodes and lung parenchyma demonstrated a low-grade 
lymphoproliferation and grade 1 “Lymphomatoid granulomatosis”. 
Detailed laboratory analyses indicated the diagnosis of ‘’common 
variable immunodeficiency’’. Next-generation sequencing with primary 
immunodeficiency panel revealed a heterozygous mutation in CTLA-
4 (c.436G>A(p.G146R)(p.Gly146Arg)). After molecular diagnosis, 
abatacept therapy was started as a targeted therapeutic approach with 
subcutaneous immunoglobulin therapy.  
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ABSTRACT

Highlights
• Immune system regulatory protein mutations can cause 

different pathologies.

• Various multiorgan pathologies due to CTLA-4 mutation 
can be seen together. 

• Lymphomatoid granulomatosis is a rare type of 
lymphoma with lung and CNS involvement. 

• Showing demyelinating lesions, and atypical cortical or 
spinal lesions is important for LG diagnosis.

her childhood applied to our clinic with severe headache. This headache 
has continued for at least one hour and was moderate in terms of 
severity. Her neurological examination was normal. Her brain magnetic 
resonance imaging (MRI) revealed periventricular and juxtacortical 
lesions suggesting MS, an atypical cerebellar inflammatory lesion for 
MS as well (Figure 1. d–f). In her cerebrospinal fluid (CSF) examination 
protein and glucose levels were found to be 50 mg/dL and 40 mg/DL 
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respectively. The oligoclonal band was negative in both serum and CSF. 
Microscopic evaluation of the CSF showed no abnormal cells. The total 
cell count was 300, 100 of which were lymphocytes. IgG index was within 
the normal range (0.68). CSF evaluation for some viral and bacterial 
infectious etiologies (mycobacterium tuberculosis, syphilis, borreliosis, 
brucellosis, cytomegalovirus, toxoplasmosis) revealed to be negative. 
CSF cytology had no remarkable features. Serum and CSF angiotensin-
converting enzyme (ACE) levels were 54 U/L and 5.7 U/L respectively, 
which were both slightly above the normal range (8–52 U/L for serum 
and 0–3 U/L for CSF). Her symptoms and neurological examination did 
not meet the criteria of chronic CNS demyelinating disease and MS. 
Different granulomatous diseases of CNS as neurosarcoidosis could be 
included for differential diagnosis. The symptoms of the patients, such 
as headache and motor weakness could be seen in neurosarcoidosis, 
besides, the laboratory results revealed a mild increase in ACE. Therefore, 
lung computed tomography (CT) was performed and showed multiple 
ground glass and nodular opacities. A bronchoscopic evaluation was 
offered by the pulmonologists whereas the patient refused the test. 
The pulmonologist suggested continuing close clinical and radiological 
monitoring for further symptoms.

The patient did not have any complaints for the following five years; 
however, she was once more admitted to our clinic with a burning 
sensation and tingling on the dorsal thoracic region, weakness of the left 

leg, difficulty in walking, difficulty in urination, and stool incontinence 
for the last 3 months. Neurological examination revealed mild weakness 
(MRC 4/5) and hyperactive deep tendon reflexes on the left lower 
extremity. She had a superficial sensory loss in the T4 level and significant 
deep sensory impairment at the bilateral ankle levels of lower extremities, 
prominent on the left. 

Routine blood tests were within normal limits. Erythrocyte sedimentation 
rate and C-reactive protein were also normal. Brain and spinal cord MRIs 
were performed on her.  On brain MRI, apart from the previous lesions, two 
new periventricular lesions one of which with nodular Gd enhancement 
was observed. Her spinal MRI demonstrated a longitudinally extensive 
T2-hyperintense lesion with avid contrast enhancement between T1-T8 
levels (Figure 1. a–c). 

CSF examination revealed increased protein (108 mg/dl), normal 
glucose levels. IgG index was slightly elevated (0.88), and the oligoclonal 
band was type 2 positive. Cytological evaluation of the CSF showed 
lymphomononuclear cells. Two consecutive tests of Neuromyelitis 
Optica IgG and one cell-based assay of Myelin Oligodendrocyte 
Glycoprotein antibodies in serum were all negative. Antinuclear 
antibody, Anti-dsDNA, and tumor markers were normal except for the 
mild β-microglobulin elevation. ACE levels were normal in both CSF 
and serum. As the patient had not gone to her pulmonologist follow-

Figure 1. a–j. Sagittal T2W (a), pre-Gadolinium T1W (b), and post-Gadolinium T1W (c) magnetic resonance (MR) images of the cervical the spine show a longitudinally extensive, 
T2-hyperintense (a), faint T1-hyperintense (b), homogeneously and vividly enhancing (c), and mild expansile intramedullary lesion. Sagittal FLAIR MR image (d) demonstrates a 
periventricular ovoid lesion perpendicular to the walls of lateral ventricles (short arrow) and jukstacortical lesion (long arrow) which are typical for multiple sclerosis (MS); but, the 
cortico-subcortical T2-hyperintense cerebellar lesion (e, arrow) with solid contrast enhancement (f, arrow) is not typical for MS. 18F-FDG PET/CT shows FDG accumulation in the 
spinal cord lesion (g, solid arrow) and mediastinum lymph nodes (g, dashed arrow). Computed tomography of the lung (h) shows peribronchial and perivascular thickening and 
multiple peripheral nodules with blurred contours. Lung PET/CT reveals FDG accumulation in the parenchymal lung lesions (i, arrow). A follow-up MR 2 months after the initiation 
of treatment shows the cord lesion has resolved with a small residual signal change (j, arrow).
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ups a new lung CT and bronchoscopic evaluation were recommended 
by our pulmonologists for the further differential diagnosis of 
granulomatous and lymphoproliferative diseases. In the differential 
diagnosis, CNS granulomatous diseases and lymphoma were our 
priority. Both lymphoproliferative diseases and sarcoidosis can involve 
the respiratory system, especially the hilar area and lung parenchyma. 
The lung CT revealed multiple peripheral parenchymal opacities and 
bilateral hilar and mediastinal lymph nodes suggesting lymphoma or 
sarcoidosis (Figure 1g).   Tuberculosis culture and ARB were negative in 
bronchoalveolar lavage. Transbronchial mediastinal lymph node biopsy 
supported a lymphoproliferative process. Abdomen CT showed minimal 
hepatosplenomegaly. A Positron Emission Tomography (PET) study 
was performed. PET with 2-deoxy-2-[fluorine-18] fluoro-D-glucose 
(18F-FDG) revealed FDG accumulation in the parenchymal lung lesions, 
mediastinal and hilar lymph nodes, and thoracic spinal cord lesion as well 
(Figure 1. g–i). Bone marrow biopsy supported the lymphoproliferative 
process. The patient, who was thought to have a lymphoproliferative 
process was referred to the Immunology Department. Immunoglobulin 
(Ig) levels as Ig G, Ig M and Ig A were 512 mg/dl (751-1560 mg/dl), 326 
mg/dl (46-304 mg/dl), 44 mg/dl (82-453 mg/dl) respectively. IgG and 
IgA levels were below normal limits. Serum EBV-DNA was 325 copies /
mL positive. Lung tissue biopsy was performed and demonstrated low 
grade 1 “lymphomatoid granulomatosis” (Figure 2). A total of six cycles of 
cyclophosphamide 1000 mg, vincristine 2 mg, prednisolone 100 mg, and 
rituximab 500 mg were started. After 2 months of treatment, a near-total 
resolution of the spinal cord lesion was documented (Figure 1j). 

We referred the patient to the immunology clinic. The clinical and 
laboratory features of the patient, a history of autoimmune hemolytic 
anemia, autoimmune thrombocytopenia, hypogammaglobulinemia, 
and LG, were found to be compatible with a primary immunodeficiency 
disorder with immune dysregulation. Next-generation sequencing 
for primary immunodeficiency panel demonstrated heterozygous 
mutation in the CTLA gene (c.436G> A (p.G146R) (p.Gly146Arg). 
Subcutaneous immunoglobulin therapy (every 10 days) and abatacept 

(every 2 weeks), as targeted treatment, were started. After six doses of 
treatment, the patient’s neurological examination, brain, and spinal 
MRIs were stable. 

DISCUSSION
CTLA-4 is a potent inhibitory molecule expressed on activated T cells 
and regulatory T (Treg) cells. It is upregulated after T-cell activation. It 
blocks co-stimulation and proliferation of T cells and regulates immune 
responses (4).

Clinical features of CTLA-4 haploinsufficiency include 
lymphoproliferation, lymphocytic infiltration of nonlymphoid organs 
(eg, brain, lungs, gastrointestinal tract), autoimmune cytopenia (eg, 
autoimmune hemolytic anemia, autoimmune thrombocytopenia), CD4+ 
T cell lymphopenia, and B cell abnormalities with increased CD21lo 
B cells and hypogammaglobulinemia. Additional features include 
diffuse lymphadenopathy, hepatosplenomegaly, and EBV-associated 
Hodgkin lymphoma (5,6). Also, Dorna M. et al. found this mutation 
in a granulomatous lymphocytic interstitial lung disease patient (7). 
This patient, combines all these autoimmune entities -autoimmune 
hemolytic anemia, immune thrombocytopenia, immune deficiency, and 
lymphoproliferative processes.

Haploinsufficiency of CTLA-4 causes dysregulation of FoxP3+ Treg 
cells and hyperactivation of effector T cells, resulting in severe loss of 
tolerance. As CTLA4 deficiency results in loss of the regulatory effects 
on T-cell activation, it leads to increased, but inappropriate activation 
of T and B cells. Patients with CTLA-4 defect usually have autoimmune 
manifestations which are the result of the impairment in regulatory 
pathways. In the present case, there were multiple autoimmunity 
and lymphoproliferations possibly related to EBV DNA positivity in 
the CSF. After the laboratory analyses indicated common variable 
immunodeficiency (CVID), she was given intravenous immunoglobulin 
therapy. For the diagnosis of CVID, the patient was analyzed with next-

Figure 2. a–d. Microscopic pictures of 
the lymphoid proliferation involving 
the lung (a). Lymphoid proliferation 
in the interstitium showed an 
angiocentric distribution and is mainly 
composed of small lymphocytes 
with scattered occasional large cells. 
Immunohistochemical studies showed 
that scatter large CD20-positive cells (b) 
are present in a background of numerous 
CD3-positive small lymphocytes (c). There 
were few positive cells in the EBER in situ 
hybridization studies (d).
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generation sequencing for primary immunodeficiencies. Abatacept, a 
fusion protein that includes CTLA-4 and the Fc part of Ig1 was prescribed. 
This molecule has the potential to bind to CD80/86 on the antigen-
presenting cells and block CD28 binding, hampering T cell activation 
(8). It is a specific immunomodulatory agent especially used for 
Lipopolysaccharide-Responsive and Beige-Like Anchor Protein (LRBA) 
and CTLA4 defects, which was started soon after the diagnosis of CTLA4 
haploinsufficiency (9). Her immune dysregulation has been controlled by 
the therapy, and now she is stable.

In the literature, there are few case reports related to our patient. 
Ayrignac et al. reported three patients demonstrating clinical and 
radiological characteristics of neurological involvement of CTLA4 gene 
haploinsufficiency (3). Similar to our patient, in their manuscript patient 
1 and 2 had the diagnosis of different autoimmune diseases. Besides, the 
same patients were also followed with lymphoproliferative disorders. 
While patient 3 was admitted with ataxia and progressive optic atrophy, 
patient 1 and 2 had recurrent and severe headache periods like our 
patient. Their brain MRI revealed different lesions extending from multiple 
cortical and juxtacortical lesions to diffuse bilateral leukoencephalopathy. 
Kolcava et al., demonstrated a patient with an initial diagnosis of possible 
MS (10). Her prior symptom was headache and, in the follow-up, she 
experienced paraparesis due to spinal intramedullary lesion ranging 
from C3 to conus medullaris with contrast enhancement. Similar to our 
patient, different autoimmune inflammatory diseases were excluded. A 
heterozygous missense mutation in CTLA-4 was found when she was 31 
years old and she received abatacept treatment. Another male patient 
with epileptic seizures had the diagnosis of common variable immune 
deficiency due to CTLA-4 gene mutation (11). His brain MRI revealed 
numerous white matter lesions. A stereotactic brain tissue biopsy from the 
right temporal lobe was performed. Chronic inflammation with CD4 and 
CD8 T cells with some areas of granuloma formation was found. Like our 
patient, this case also had several autoimmune and lymphoproliferative 
disorders. 

Our patient also had a diagnosis of LG which is a rare lymphoproliferative 
disease (12). It is accepted as a premalignant lesion that may be 
localized in different tissues. Studies based on clinicopathological and 
immunophenotypic evidence have shown that this is a unique type of 
extranodal, malignant lymphoma. Lung involvement is prominent, the 
CNS can also be affected by approximately 30% of the cases. However, 
spinal cord involvement has been rarely reported (13).

We speculated that the longitudinally extensive spinal cord lesion 
was due to LG, simultaneously with the involvement of the lung. We 
excluded the inflammatory-demyelinating myelitis causes because of 
avid contrast enhancement, faint T1 shortening, an apparent response 
to immunosuppressive treatment, and most of all FDG accumulation on 
PET-CT. 

In the literature, we have not seen any cases with central nervous system 
involvement of LG due to CTLA-4 gene mutation. Up to the final diagnosis, 
other possible inflammatory- granulomatous-infectious diseases were 
excluded with detailed anamnesis, laboratory, and radiological studies. 
Among the cases of LG with CNS involvement, most of them had 
supratentorial and infratentorial lesions causing mass effect (3, 10, 11). 
Unilateral or multifocal, supra and infratentorial, edema accompanied by 
solid or ring-like intraparenchymal lesions with high signal intensity on 
T2-weighted images (T2WI) are some of the main radiological features 
of LG (14). Punctate and linear enhancement may be seen in these 
lesions, this is a relatively characteristic feature, which is related to the 
pathological feature of the disease, involving primarily the vascular wall 
and perivascular tissues (15). In the literature, patients were diagnosed 
by lung biopsy and spinal involvement ranged from a large intra-axial 

mass lesion (16) to cervical spotty lesions (17); thickening of the posterior 
meninges was also described (18).

The patient responded dramatically to immunosuppressive and the 
following abatacept treatment and had no further attacks. As seen in 
this particular case, immune dysfunction is rarely isolated in one system, 
therefore any clues from other systemic evaluation are valuable for the 
final diagnosis of central nervous system disorders. 
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