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Abstract 
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Hodgkin Lymphoma. Digital Comprehensive Summaries of Uppsala Dissertations 
from the Faculty of Medicine 1776. 64 pp. Uppsala: Acta Universitatis Upsaliensis. 
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In classical Hodgkin lymphoma (cHL), cytokine regulation and cellular composition of the 
tumor microenvironment (TME) is crucial for tumor cell survival. In paper I, we examined 
the presence of CD138+ plasma cells and IgG4+ plasma cells in diagnostic cHL biopsies with 
immunohistochemistry (IHC). We found that increasing proportions of CD138+ plasma cells 
in the TME were associated with B-symptoms and inferior survival. IgG4+ plasma cells in the 
TME were a rare finding. In paper II, we investigated IL-6+ leukocytes and IL-6+ Hodgkin-
Reed-Sternberg (HRS) cells in the TME of primary cHL. We observed that an IL-6+ leukocyte 
proportion of ≤ 1% in the TME was an independent adverse prognostic marker for event-free 
and overall survival. Further, the presence of IL-6+ leukocytes correlated with an increased 
proportion of CD138+ plasma cells and CD68+macrophages in the TME. IL-6+ HRS cells 
correlated with increased proportions of CD68+macrophages, PD-L1+ leukocytes, and PD-
L1+HRS cells. In paper III, we investigated CD47 surface glycoprotein expression on HRS 
cells in the TME. CD47 is mainly known to promote antiphagocytic signaling via interaction 
with the SIRPa protein on phagocytic cells. IHC for CD47 was performed on diagnostic cHL 
biopsies. Cases with high CD47 expression on HRS cells had an inferior survival in univariate 
and multivariate analyses, adjusting for established prognostic factors compared with patients 
with low CD47 expression on HRS cells. In paper IV, using the Proximity Extension Assay 
(PEA) method, we identified 17 distinguishing immunologic proteins in cHL when comparing 
cHL diagnostic tissue lysates with reactive lymph node lysates from controls. In addition, 8 of 
these 17 proteins were elevated in cHL plasma compared with plasma from controls. Several of 
the identified proteins have established evidence in cHL as PD-L1, IL-6, CCL17, LAG3, and 
several proteins were introduced as new potential targets. In conclusion, our findings increase 
our knowledge regarding several immunological elements within the TME of cHL introducing 
clinicopathological associations of prognostic and potential therapeutic future implications. 

Keywords: Tumor microenvironment, immunohistochemistry, immune checkpoints, Plasma 
cells, IL-6 cytokine, Proteomics, CD47. 

Alex R. Gholiha, Department of Immunology, Genetics and Pathology, Experimental and 
Clinical Oncology, Rudbecklaboratoriet, Uppsala University, SE-751 85 Uppsala, Sweden. 

© Alex R. Gholiha 2021 

ISSN 1651-6206 
ISBN 978-91-513-1314-6 
URN urn:nbn:se:uu:diva-455817 (http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-455817) 

http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-455817


 

Dedicated to my loved ones   

  



 



List of Papers 

This thesis is based on the following papers, referred to in the text by their 

Roman numerals. 

I. Gholiha, A.R., Hollander, P., Hedstrom, G., Sundstrom, C., 

Molin, D., Smedby, K.E., Hjalgrim, H., Glimelius, I., Amini, R-

M., Enblad, G.(2019) High tumour plasma cell infiltration 

reflects an important microenvironmental component in classic 

Hodgkin lymphoma linked to presence of B-symptoms. British 

Journal of Haematology, 184(2):192-201 

II. Gholiha, A.R., Hollander, P., Glimelius, I., Hedstrom, G., Molin, 

D., Hjalgrim, H., Smedby, K.E., Hashemi, J., Amini, R-M., 

Enblad, G.(2021) Revisiting IL-6 Expression in the Tumor 

Microenvironment of classical Hodgkin Lymphoma. Blood 

Advances, 5(6):1671-1681 

III. Gholiha, A.R., Hollander, P., Hedstrom, G., Molin, D., Hjalgrim, 

H., Smedby, K.E., Glimelius, I., Hashemi, J., Amini, R-M., 

Enblad, G.(2021) Checkpoint CD47 Expression Predicts Inferior 

Survival in classical Hodgkin Lymphoma. Submitted 

IV. Gholiha, A.R., Hollander, P., Löf, L., Larsson, A., Hashemi, J., 

Ulfstedt, J-M., Molin, D., Amini, R-M., Freyhult, E., 

Moghaddam, M-K., Enblad, G.(2021) Immune-Proteome 

Profiling in classical Hodgkin Lymphoma Tumor Diagnostic 

Tissue. Manuscript  

Reprints were made with permission from the respective publishers. 

  



  



Contents 

Introduction................................................................................................... 11 
Histological Classification of Hodgkin Lymphoma ................................ 11 
The Neoplastic Hodgkin Reed-Sternberg Cell ......................................... 12 
Etiology .................................................................................................... 12 
Prognostic Factors .................................................................................... 13 
Symptoms ................................................................................................. 14 
FDG-PET in Hodgkin Lymphoma ........................................................... 15 
Front-Line Chemotherapy in Hodgkin Lymphoma ................................. 15 
Toxicity and Quality of Life .................................................................... 16 
Relapse Therapies in Hodgkin Lymphoma .............................................. 16 
Future Therapy Strategies in Hodgkin Lymphoma .................................. 16 
The Tumor Microenvironment of Hodgkin Lymphoma .......................... 17 

Plasma Cells and B-cell Biology ......................................................... 18 
B-cell Markers ..................................................................................... 19 
B-cells Potential Role in the Tumor Microenvironment ..................... 20 

Cytokines.................................................................................................. 22 
Source of IL-6...................................................................................... 22 
IL-6 Role in Malignancies ................................................................... 22 
IL-6 Mechanism of Action in Hodgkin Lymphoma............................ 23 

Checkpoint Pathways in the Immune System .......................................... 23 
PD-1/PD-L1-axis ................................................................................. 23 
The CD47/SIRP Pathway .................................................................... 24 
Next Generation Immune Checkpoint Pathways ................................ 25 

Proteomics ................................................................................................ 25 
Data from PEA Analysis ..................................................................... 26 
Proteomics in Cancer and Hodgkin Lymphoma ................................. 26 

Aims .............................................................................................................. 28 
Overall aim ............................................................................................... 28 
Specific aims ............................................................................................ 28 

Materials and methods .................................................................................. 29 
Ethical considerations .............................................................................. 29 
Patients ..................................................................................................... 29 
Clinicopathological Data .......................................................................... 30 
Treatment: ................................................................................................ 30 



Immunohistochemistry ............................................................................. 30 
Tissue Assessment: .................................................................................. 31 
Proteomics: ............................................................................................... 32 
Statistical methods ................................................................................... 32 

Correlations and Descriptive data. ...................................................... 32 
Survival analysis. ................................................................................. 33 
Defining Groups and Cut-offs: ............................................................ 33 

Results and Discussion ................................................................................. 34 
Paper I ...................................................................................................... 34 
Paper II ..................................................................................................... 35 
Paper III .................................................................................................... 37 
Paper IV ................................................................................................... 39 
Strengths and Limitations ........................................................................ 40 
Summary of results .................................................................................. 42 

General Discussion and Future Implications ................................................ 43 

Sammanfattning på svenska ......................................................................... 45 
Delarbete I ................................................................................................ 45 
Delarbete II............................................................................................... 46 
Delarbete III ............................................................................................. 46 
Delarbete IV ............................................................................................. 47 

Acknowledgments ........................................................................................ 48 

References ..................................................................................................... 50 

 



Abbreviations 
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BEACOPPesc BEACOPP escalated dose.  
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MC Mixed Cellularity 

MCP Monocyte chemoattractant protein 

MM Multiple Myeloma 

MMP12 Matrix metalloproteinase-12 

MS Mass-Spectrometry 

NLPHL Nodular Lymphocyte-Predominant Hodgkin Lymphoma 

NPX Normalized Protein Expression 

NS Nodular Sclerosis 

OS Overall Survival  

P53 Tumor protein p53 

PAX5 Paired Box Protein 5 

PCR Polymerase Chain Reaction 

PD-1 Programmed Death receptor 1 

PD-L Programmed Death Ligand 

PEA Proximity Extension Array 

PI3K Phosphatidylinositol-3 kinase  

PLA Proximity Ligation Array 

PET  Positron Emission Tomography 

PKB  Protein Kinase B,  

QoL Quality of life  

ROC Receiver operating curves 

RT Radiotherapy 

SCALE Scandinavian Lymphoma Etiology 

STAT-3 Signal transducer and activator of transcription -3  

tAb Tumor-specific antibodies 

TAM  Tumor-associated macrophages 

Th T helper cells 

TIE2  TEK receptor tyrosine kinase 

TIGIT T cell immunoglobulin and ITIM domain 

TIM-3 T cell immunoglobulin-3 

TMA Tissue Microarray 

TME Tumor microenvironment  

TNFSFR4 Tumor necrosis factor receptor superfamily-4 

Tregs Regulatory T lymphocytes 

WBC White blood count 



 

 11 

Introduction 

Hodgkin Lymphoma (HL) is considered to be a B-cells derived malignancy 

from the lymphatic system1,2. Thomas Hodgkin first described the disease in 

18322. HL is the most prevalent lymphoma type in “adolescence and young 

adults,” with a primary incidence peak at 15-34 years, followed by a second 

incidence peak after 50 years. The incidence in the world varies and in Nordic 

countries around is around 2-3/100 0003,4. Despite improvements in therapy 

strategies, a sizable proportion of patients suffer from relapsed/refractory 

disease with a subsequent higher risk of inferior survival5. In addition, intense 

chemo and radiotherapy(RT) treatment can cause devasting long-term sequels 

like secondary malignancies, cardiovascular and pulmonary disease, and 

consequently reduced quality of life(QoL)6–9. 

The immunological microenvironment of HL is characterized by 

containing a few malignant Hodgkin and Reed-Sternberg (HRS) cells (0.1-

10%) that are surrounded by leukocytes and stromal cells10,11. Shaping the 

TME towards an anergic state is an essential mechanism for immune escape 

by HRS cells, and emerging immunotherapies in classical HL (cHL) are 

highly dependent on the immunologic state of the TME10,12,13. Thus, there is 

an unmet need to increase our insight into the clinicopathological implication 

of different elements of the TME, which can potentially translate into 

improving our current treatment stratification tools and introducing novel 

therapeutic strategies. 

This thesis will focus on cHL, which constitutes 95% of the HL subtypes, 

and aims to increase our knowledge of several immunological markers of 

interest. 

Histological Classification of Hodgkin Lymphoma  

HL is classified mainly into two forms: a more indolent type, nodular 

lymphocyte-predominant HL (NLPHL), which constitutes about 5% of all 

HL; and cHL, which comprises 95% of HL. Further, subtypes of cHL are 

divided into the following: Nodular sclerosis (NS) cHL, constitutes 70% of all 

cases, with a  histological hallmark of broad bands of collagen disposition; 

Mixed cellularity (MC) cHL, characterized by a mixed inflammatory 

background of different leukocytes, constitute 25% of all cases; Lymphocyte 
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rich (LR) cHL, 5%, rich in normal lymphocytes with a few classical HRS 

cells; and Lymphocyte depleted (LD) cHL <1% of all cases, with a typical 

depletion of background lympfocytes14. NS cHL differs from MC cHL and 

LD cHL in being more prevalent in developed countries, with a higher 

prevalence in females, and lower incidence of Epstein-Barr Virus(EBV) 

infection14.  

The Neoplastic Hodgkin Reed-Sternberg Cell  

The typical HRS cells are often large (20–60 μm), with profuse cytoplasm,  an 

irregular nucleus membrane, and a colossal nucleolus2. One of the most 

commonly used markers expressed by HRS cells is cluster of 

differentiation(CD)-30, a membranous protein found in almost all cases of 

cHL14. Moreover, HRS cells can express CD15 in 75-85% of cases15. Other 

non-specific markers for HRS are B-cell lymphoma-2  (BCL-2) and tumor 

protein p53(p53)16,17. Genetic studies show that HRS cells contain somatic 

mutations in the immunoglobulin (Ig)-VH region, suggesting a B-cell 

heritage18. However, HRS cells often lack B-cell markers, e.g., CD20 is 

expressed only in 30% of cHL cases15,19, and HRS cells lack plasma cell 

markers like CD13820–22. Nevertheless, there are some contradicting reports 

regarding CD138 expression on HRS cells23,24. In addition, HRS cells often 

(95% of cases) express Activator protein paired box protein-5 (PAX5), 

although often with weak nuclearstaining25,26.  

Etiology  

The most reputable risk factor associated with HL is Epstein-Barr virus (EBV) 

infections27. The median time of HL development after an EBV infection is 

around four years when associated with the disease. EBV is a DNA virus 

related to the gamma herpes virus family. It remains latent in B-cells after 

primary infection with the potential to induce oncogene expression, 

subsequently causing tumor progression and genesis28. In situ hybridization 

technique, Epstein-Barr encoding RNA (EBER) detection is an established 

and accurate way to detect EBV in tumor tissue cores29. Other EBV oncogenes 

expressed by HRS cells are latent membrane protein 1 (LMP1), LMP2, and 

Epstein–Barr nuclear antigen 1(EBNA1)17,28. However, EBV+ HL only 

explains 20-40% of all HL cases27,30.  

In contrast to EBV infection,  other early infections, e.g., measles, can have 

preventive effects31. Studies on hereditary factors’ influence on risk of HL are 

limited. Certain regions in the human leukocyte antigen class I (for EBV 

positive cHL) and class III (for EBV negative cHL) are associated with cHL 
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development32–34. Other risk factors for HL development are smoking35, 

Human Immunodeficiency Virus (HIV) infections36, overweight37, 

autoimmune diseases38,39, and immune suppression40.  

Prognostic Factors  

Clinical staging is one of the most important tools for risk stratification41. HL 

clinical staging is done according to the Ann Arbor classification system 

modified by Cotswold42(see Table 1). Bone marrow and liver engagement are 

automatically classified as stage IV disease.   

Table 1. Reconstructed table from the Swedish National Guidelines43 with permission, 
based on Ann Arbor modified according to Cotswold (Lister et al.)42 

Stage Definition 

I 
Single site: Thymus, Spleen, Waldeyer’s 

ring, or single lymphatic nodal region.  

II 
More than one lymphatic site region is 

involved on the same side of the diaphragm 

III 
Lymphatic sites on both sides of the 

diaphragm. 

IV 

All extranodal involvement that is not 

designated E. Liver and bone marrow 

involvement is always considered stage IV. 

Additional designation  

A Absence of B-symptoms.* 

B Presence of B-symptoms. 

X  
Single tumor site or Lymph node 

conglomerate measuring >10cm in diameter. 

E 
Single extranodal site; Proximal/Contiguous 

extranodal site.  

*Fever>38.0 C, drenching night sweats, or unexplained bodyweight loss>10% within six 
months. 
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For patients 50 years or below and with limited-stage without additional 

unfavorable prognostic factors, the 5-year survival rate with treatment is 

>95%3. However, for older patients with advanced-stage, a proportion (10-

25%) of patients fail to achieve a complete remission or suffer from early 

relapse within two years. These patients, even with second-line therapies, have 

inferior prognoses1,5.   

Risk factors for patients with limited-stage (IA-IIA) are the presence of 

Bulky disease (a tumor dimension greater than one-third of the thorax, 

assessed on a chest radiograph)42; affection of >2 lymphatic node regions; and 

an erythrocyte sedimentation rate (ESR) of 50 mm/h at diagnosis. Patients 

with clinical stage IB, i.e., stage I disease with presence of B-symptoms42 are 

regarded as limited-stage patients with unfavorable risk regardless of the 

presence of previous risk factors mentioned43. The prognostic impact of 

limited-stage disease with infra diaphragmatic disease is controversial44. For 

advanced-stage (IIB-IVB), treatment stratifications are mainly based on 

patient performance status, age, and interim treatment response evaluation 

with 18-fluoro-2-deoxy-D-glucose (FDG) positron emission tomography 

(PET)43. A well-known stratification tool that emerged in 1998 is the 

International Prognostic Score (IPS). In the IPS: 7 different items with 1 point 

each generate a score which ranges from 0 points to a maximum of 7 points41. 

The IPS parameters include: serum albumin <4 g/dL, hemoglobin < 105 

mg/dL , male gender , Stage IV disease  defined according to Ann Arbor , 

white blood count (WBC)  15 x10^9 /L, lymphocyte count <0.6 x10^9 /L, 

and age >45 years. However, in modern settings, the role of IPS in treatment 

decisions is being re-evaluated43. 

As mentioned, higher age is undoubtedly the most essential host-associated 

negative prognostic factor. According to the Swedish national guidelines for 

HL 2019, age cut-offs for treatment stratifications are 18-60 years, 61-70 

years, and >70 years, with the recommendation to initiate treatment with less 

intense chemotherapy with increasing age43. EBV is an integral part of the 

etiology of HRS cell development discussed previously. Although EBV 

infection can have prognostic implications, especially in elderly patients with 

a naturally induced immunosenescence45,46, EBV infection in the elderly does 

not affect treatment choice43.  

Symptoms  

The most common symptom of cHL is peripheral lymphadenopathy, often 

seen in the head-neck region. A very distinct and unexplained phenomenon 

observed for cHL is swelling and pain in lymph nodes after alcohol 

consumption. Moreover, B-symptoms, unexplained fatigue, and pruritus are 
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also typical symptoms. Dyspnea due to mediastinal lymph nodes in healthy 

young adults is observed in some cases as well16,43.  

FDG-PET in Hodgkin Lymphoma  

FDG-PET has taken a central role in staging, interim treatment stratification, 

and end of treatment remission evaluation in HL47–49. The essence of FDG-

PET is the high accuracy in detecting disease on a metabolic level, and relies 

on the gamma activity from the accumulation of 18-FDG-6-phosphate in 

neoplastic cells and TME50. PET has superior accuracy compared with 

computed tomography to stage patients, and studies have shown that usage of 

FDG-PET can result both in upstaging as well as downstaging patients51. The 

upstaging observed in these studies51 is mostly due to better mapping of the 

disease in extranodal organs like the bone marrow, where FDG-PET has a 

high sensitivity to detect disease and in most practices replaced the need for 

bone marrow biopsy52. Further early so-called interim PET during front-line 

chemotherapy enables personalized treatment47–49.  

Using early PET evaluation for tailoring treatment in HL is founded on the 

characteristic decrease in metabolic signaling in affected disease areas in 

chemo-sensitive patients that appears before a reduction in tumor volume53. 

Although the results of interim FDG-PET adapted treatment stratification are 

very promising, and the approach is implemented in treatment guidelines, 

future randomized studies and consensus on how to assess the FDP-PET will 

further optimize this strategy51. Moreover, FDG-PET can also be used when 

planning targets volume, and assess cases eligible for RT53. The last and not 

least meaningful area where FDG-PET’s evolving role needs to be determined 

is for diseases surveillance, in this regard there is still no recommendation to 

use FDG-PET due to low positive predictive accuracy52.  

Front-Line Chemotherapy in Hodgkin Lymphoma 

ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) followed by 

radiation therapy (RT) is the mainstay for treating all cHL patients with 

limited-stage disease. Advanced-stage patients are treated with longer and 

advanced courses of chemotherapy [Bleomycin, Etoposide, Doxorubicin, 

Cyclophosphamide, Vincristine, Procarbazine, Prednisolone (BEACOPP) 

escalated (esc)], often without RT. A few patients with advanced-stage cHL 

and FDG-PET verified residual disease indicate RT after chemotherapy48,49. 

Advanced-stage patients who have presumed reduced tolerance to BEACOPP 

are treated with two cycles of ABVD followed by an interim FDG-PET 
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examination for a decision on continuous chemotherapy intensity. Details 

about modified regimens of chemotherapy and their indication are described 

elsewhere48,49 and are beyond the scope of this thesis.  

Toxicity and Quality of Life 

Patients with long-term survival can suffer from treatment-related long-term 

adverse effects: lung toxicity, hypothyroidism, and secondary malignancies, 

e.g., acute myeloid leukemia, non-HL, breast cancer, and nasopharynx 

cancers6,7. In addition, patients can get reduced long-term QoL, mainly 

through reduced cognition and severe fatique8,9. Reducing chemotherapy 

intensity can reduce the cumulative incidence of secondary malignancies by 

half (4.3% to 2-5%) while maintaining the same efficacy49. 

Relapse Therapies in Hodgkin Lymphoma 

Relapse/refractory patients are managed if eligible with different salvage 

chemotherapy to achieve metabolic remission in FDG-PET, before continuing 

to high dose chemotherapy (HDCT) with autologous stem cell transplant 

(ASCT). Third-line treatments are often immunotherapy with Programmed 

Death receptor 1 (PD-1) inhibitors, targeted therapy with Brentuximab-

Vedotin (BV), or allogeneic transplantation13.  

The anti-CD30 antibody-drug conjugate BV selectively delivers an anti-

microtubule agent, monomethyl auristatin E, into CD30 positive HRS cells54. 

BV has shown significant survival benefit in a phase III trial for HL patients 

and has approval for treatment of HL patients after ASCT failure or as third-

line treatment in patients not eligible for ASCT55. Recently, BV also received 

approval as consolidation treatment for patients with a high risk of 

relapse/progression after ASCT55. PD-1 inhibitors have a clinically approved 

indication in patients with progressive and relapsed cHL 6,7. However, 

response rates vary and the response durability is uncertain58–60. Hence, to 

identify which patients may benefit from PD-1 inhibitors, we need to increase 

our  knowledge of tumor immune escape mechanisms in the TME of cHL 57. 

Future Therapy Strategies in Hodgkin Lymphoma 

The risk-adapted stratification strategy using interim FDG-PET discussed 

earlier has enabled a personalized treatment approach for front-line 

chemoterapies47–49. Data for single agent approaches with BV and PD-1 in 

relapsed/refractory settings has resulted in implementation of these agents. 
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However, data for combination approaches with BV and PD-1 blockade, and 

comparative head-to-head studies are missing.  

An ongoing study (ClinicalTrials.gov Identifier: NCT02661503) 

investigates the possibility of optimizing frontline treatment by combining 

early FDG-PET and including BV with chemotherapy. Further, a recent report 

indicated that PD-1 inhibitors are superior to BV in a relapsed/refractory 

setting61. Furthermore, in relapsed/refractory cHL, phase III trials are ongoing, 

comparing BV versus pembrolizumab, and BV in combination with 

nivolumab versus nivolumab alone62.  

Moreover, a randomized study ECHELON-1 phase III trial investigating 

front-line ABVD X 6 versus BV plus AVD (ABVD minus bleomycin) for 

cHL patients with advanced disease showed a significantly improved PFS at 

three years and five years63.  

In addition, studies investigate whether maintenance treatment with 

immunotherapies could reduce relapse after complete remission, and after 

ASCT 64. Finally, a therapeutic strategy of interest in cHL is the usage of 

Chimeric Antigen Receptor (CAR) T cells, where early phase I/II trials shown 

promising results65.  

Immunotherapies are highly dependent on the immunological potential in 

the TME for their mechanism of action. Hence, there is a strong incentive to 

continue investigating the TME in an era of personalized medicine.  

The Tumor Microenvironment of Hodgkin Lymphoma 

The most abundant cells in the TME of cHL are small CD4+ T-cells forming 

the classic T-cells “rosetting” seen around HRS cells, already described in 

197766. The CD4+ T-cells, also known as T-helper (Th) cells, can be divided 

into Th1 and Th2 cells67. Th1 cells are associated with protection against 

intracellular pathogens and autoimmune processes while Th2 cells are 

involved in managing extracellular pathogens and allergies67. Hence, Th1 cells 

promote CD8+ T cells and macrophages functions, and Th2 cells support the 

antibody-producing B-cells68. Th17 cells are one recently described subtype 

that can emerge from naïve CD4+ T cells and play a role against extracellular 

bacteria and fungi68,69.  

T-regulatory cells (Tregs) have recently been recognized as tumor cells’ 

“best friend” in the tumor milieu10. The “natural” Tregs emerge from the 

thymus, and peripheral Tregs arise from naïve CD4 T cells, often called 

induced Tregs or adaptive Tregs68. The primary markers for Tregs are the 

expression of Forkhead box P3+ regulatory T-cells (FoxP3), which also 

defines its suppressive regulatory function70. Besides T-cells, a high 

proportion of eosinophils and mast cells found in the TME of cHL is 

associated with unfavorable prognosis71–74. However, these results lack 

confirmation in contemporary settings75,76. 
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Macrophages that develop from monocytes are often a great source of 

many cytokines77. The division of macrophages into a more active M1 

phenotype and a pro-tumor suppressive M2 phenotype has been a paradigm 

for several years11,78. However, with increased knowledge of the dynamics 

influences of signaling markers in the TME, this clear phenotype distinction 

of macrophages may change79. Even though the results regarding the 

prognostic impact of tumor-associated macrophages (TAM) in cHL are 

conflicting, the majority of studies indicate that abundant TAM has negative 

survival implications in cHL80,81. Natural Killer cells and cytotoxic T 

lymphocytes developed from naïve CD8+ T-cells82 constitute the most critical 

cytotoxic lymphocytes in the TME causing tumors cell death directly83. 

While the significance of several immune cells in the TME is widely 

reported, the importance of B-cells is less studied and even more limited for 

long-lived plasma cells84.  

Plasma Cells and B-cell Biology 

B-cells are the cellular backbone of the adaptive humoral immune response, 

and their maturation starts in the bone marrow. One of the key elements that 

differentiate B-cells from other lymphocytes is presented in the 1978 Nobel 

Prize awardee report of somatic VDJ recombination of the B cell receptor in 

the bone marrow85,86. VDJ recombination is the process of random 

rearrangement of the variable (V), joining (J), diversity (D) genes, which 

enables our body to generate a broad antigen-binding ability85,86. Cells that fail 

to achieve VDJ rearrangement undergo apoptosis. This step is regarded as the 

first checkpoint in the differentiation process85,86. 

The naïve B-cells, defined as B-cells that circulate in the human body but 

are not yet exposed to antigen via antibody presenting cells (APCs) are 

activated mainly into either memory B-cells or plasma cells. The activation of 

a naive B-cell can occur in a T-cell-dependent manner in germinal centers 

(GCs), generating plasma cells and memory B-cells. B-cell activation can also 

occur independently by high repetitive antigen exposure, e.g., bacterial 

capsular polysaccharides87. Long-lived plasma cells are recognized by their 

ability to secrete highly specific antibodies, which have undergone class 

switching, i.e., change of the constant region of the antibody heavy-chain 

domain. Antibodies like IgA, IgG are such isotypes. In contrast, antibodies 

like IgD and IgM are mainly secreted by naïve B-cells, and short-lived 

plasmablasts that often have not entered the GC. 

B-regulatory cells (Bregs) are a new subtype of B-cells as yet without a 

consensus regarding their classification. They are essential in the context of 

TME investigation studies since they are believed to have the ability to 

suppress the immune response by secretion of Interleukin (IL)-10 cytokines. 

IL-10 is also an essential key cytokine for Breg differentiation88,89. Bregs are 
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believed to be of splenic pre-GC origin88,89. Studies have reported that long-

lived plasma cells could also secrete IL-1090,91. 

It is believed that the process of class switching that occurs in the GC is 

cytokine driven. For instance, IL-4 generates IgG1 and IgE, while IL-5 

promotes IgA switching. IgG4 producing plasma cells are considered late-

stage post-GC cells. IgG4 antibodies constitute around 3% of all IgG class 

antibodies in an average healthy person. IgG4 class switching is promoted by 

IL-4 and IL-1392,93. The main characteristic of IgG4 is its low inflammatory 

activity upon antibody-antigen interaction94. The presence of IgG4+ plasma 

cells is primarily discussed in the context of IgG4 related disease where the 

role of IgG4+ plasma cells is unclear95,96. Also, a high number of IgG4-

producing plasma cells is seen in sarcoidosis and certain allergic disorders97.  

B-cell Markers 

The CD20 marker is a B-cell marker for naïve B-cells98,99. PAX5 is a 

significant nuclear transcription factor for B-cell differentiation and is present 

during early B-cell maturation100,101. The long-lived classical plasma cells are 

defined by loss of B-cell markers like CD20, PAX5, and high expression of 

CD138 (also called Syndecan-1, SDC1), a heparan sulfate proteoglycan 

containing transmembrane protein, acquired post-GC98,99,102,103. Even other 

seemingly mature antibody secreting cells derived post-GC lack the 

expression of CD138103,104. Moreover, CD138 molecules have intracellular 

survival functions for long-term survival of plasma cells, and can promote 

proliferation and survival in multiple myeloma ( MM)105. 

Monoclonal CD138 antibodies and recently CD138-specific chimeric 

antigen receptor (CAR) therapy strategies have been investigated in early 

clinical trials in MM with encouraging results105. Since CD138 is not often 

expressed on other leukocytes besides fibroblasts, epithelial cells that 

morphologically are distinct from plasma cells, CD138 is regarded as a highly 

selective marker for late-stage long-lived plasma cells104. CD38 is another 

well-known marker expressed on various cell lines, including B-cells, T-cells, 

and myeloid cells. While CD38 is not considered to be a distinct B-cell marker 

the most frequent and strongest expression of CD38 is seen in plasma cells, 

followed by natural killer cells, but can also be seen in less matured B and T-

cells106,107.  
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Table 2. Summary of important B-cell markers before and after GC processing 

 Pre-GC phase, Naïve B-
cells 

Post-GC phase, Plasma 
cells 

PAX5 +  - 
CD20 +  - 
CD138 - + +  
CD38 + + + 

 IgM, IgD +  - 
IgG, IgG4, IgA - +  

GC= Germinal center.   

B-cells Potential Role in the Tumor Microenvironment  

High numbers of CD20+ B-cells in the TME of cHL are associated with 

superior survival in cHL108,109. Also, cHL with overexpressed gene signatures 

belonging to the B-cell lineage is associated with superior survival110. Clinical 

studies have demonstrated improved survival in HL using therapeutic anti 

CD20 antibodies, including cases in which HRS cells are CD20 negative111–

113. The successful results in the CD20 negative cases are speculated to be due 

to the depletion of “HRS precursor B-cells” that still express CD2010,114. While 

early stage B cells in the TME have been explored, the prognostic impact of 

more mature plasma cells is mostly unknown in cHL.  

B-cells and plasma cell functions are beyond antibody production and 

involve antigen presentation, cytokine secretion, and regulation of T-cell 

response85. The first studies confirming that plasma cells produce tumor-

specific antibody (tAb) were in breast cancer115,116. Local tAb in the TME can 

cause tumor death by antibody cell-mediated cytotoxicity, antibody-

dependent cellular phagocytosis or complement meditated destruction of 

tumor cells84,99,117. 

Moreover, studies report that B-cells can have direct cytotoxic effect 

through granzyme B secretion118, and via apoptosis ligands119. Furthermore, 

B-cells have antigen presentation abilities120, primarily when neo-antigen 

levels are restricted121. However, there is opposing evidence indicating that 

tAb can promote tumor growth. In melanoma tumor models, IgG4 antibodies 

have an inferior ability to mediate anti-tumor activities122. Instead, they protect 

neoantigens from recognition when coating the cancer cell. Moreover, the 

IgG4 antibody can interfere with other potent tAb isoforms like IgG1 by 

interacting with the fragment crystallizable region interaction94,122,123. In 

addition, B-cells and CD138+ plasma cells can secrete IL-10, which assists 

Tregs91 thus promoting an anergic TME. B-cells can also express programmed 

death ligand (PD-L)184,91,124,125, which inhibits surrounding effector cells. PD-

L1 expression has been seen in healthy normal plasma cells126,125. In summary, 
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preclinical data from different malignancies are conflicting regarding the role 

of plasma cells in the TME.   
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Cytokines  

Cytokines are small molecules (5-30 kDa) with essential inter- and 

intracellular signaling functions. Global consensus regarding the classification 

system for cytokines has not been reached127. The cytokine of focus for this 

thesis is interleukin (IL)-6. IL-6 is a small 26kDa with a variety of functional 

roles. The first functions of IL-6 described were the ability to promote plasma 

cell differentiation and survival128,129. Other functions include, acute-phase 

protein inducement and tissue generation modulations130,131.  

Source of IL-6 

Endothelial cells, macrophages and monocytes are rich sources of cytokines 

in classical infections, inflammatory disease, or tissue injury settings. In the 

TME of cHL, numerous cells secrete IL-6: including HRS cells, fibroblasts, 

and other non-malignant cells13,132. 

IL-6 Role in Malignancies  

The role of IL-6 in tumor progression is established in many 

malignancies133,134. Several drugs that target the IL-6 cytokine or its 

downstream activating pathways are under clinical investigation for several 

types of both solid tumors and lymphomas133,134. One of these pathways, 

phosphatidylinositol-3 kinase (PI3K) is currently under clinical investigation 

in cHL with blocking antibodies135. Interestingly, IL-6 can promote resistance 

in PI3K blockade strategies in lymphoma cell lines136. High serum IL-6 in cHL 

is associated with adverse clinical features and inferior prognosis137–139. 

However, it is unclear whether systemic serum IL-6 levels and tumor tissue 

IL-6 levels are correlated in cHL138.  The long-term prognostic implications 

of IL-6+ cells in the TME of adult cHL is uncertain and studied to a limited 

extent132. 

Moreover, a high-secretory genotype of IL-6 is associated with inferior 

freedom from treatment failure (FTFF) in patients with Hodgkin 

lymphoma140. A recent study from India examined 110 pediatric patients with 

HL. Cases with high levels of non-malignant cells positive for IL-6 antibody 

were associated with inferior FTFF and a low response rate to 

chemotherapy141. Moreover, recent studies show that increased serum IL-6 

and specific IL-6 genotypes are associated with an increased risk of 

developing cHL142,143. 
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IL-6 Mechanism of Action in Hodgkin Lymphoma 

HRS cells express  IL-6 receptors, IL-6 RNA, and IL-6 proteins13,132,144. IL-6 

intrinsic effect on HRS-cells is pro-tumorigenic by the activation of 

intercellular pathways beneficial to tumor survival13,145. The three main 

signaling pathways that are activated upon IL-6-IL-6R interaction are Janus 

Kinase (JAK)- Signal transducer and activator of transcription (STAT), PI3K, 

and extracellular signal-regulated kinases (ERK)- Mitogen-activated protein 

kinase (MAPK)145–149. It is unclear if IL-6 binding to soluble IL-6-reception 

generates different outcomes than binding to the membrane IL-6 receptor150.  

Moreover, IL-6 can have anti-tumor effects by suppressing Tregs and 

supporting CD8+ cells151. In contrast, IL-6 can also have pro-neoplastic 

impacts such as suppressing APCs152, inducing polarization of M2 

macrophages153, and inducing PD-L1 expression in immune cells154–156.  

Checkpoint Pathways in the Immune System  

The critical role of the immune system in recognizing and eliminating cancer 

cells is subject of great interest in current era of immunoterapies10,11. With its 

unique TME with a sparse number of HRS cells surrounded by an abundant 

number of leukocytes, cHL has shown a favorable outcome of checkpoint 

inhibition with PD-1 blockade58. This thesis will focus on the PD-1/PD-L1-

axis pathway and a newly emerging antiphagocytic CD47/Signal regulatory 

protein alpha (SIRPa) pathway. A brief discussion will also address other 

potential next-generation pathways of interest such as Lymphocyte Activation 

Gene-1(LAG-1) and T lymphocyte-associated molecule-4 (CTLA-4.)  

PD-1/PD-L1-axis 

PD-1 is mainly expressed on activated CD4+ and CD8+ T-cells, but also 

myeloid-derived APC cells, phagocytic cells, and B-cells157. PD-1 is a 

transmembrane protein containing an extracellular IgV domain, an 

intracellular domain, and a transmembrane domain158. When the PD-1 

receptor is activated, it transmits signaling cascades, leading to inhibition of 

cell proliferation, protein production, and cytolytic activity158,159. Activation 

of the PD-1 receptor is mainly via two ligands; PD-L1(also called B7-H1) and 

PD-L2 (also called B7-DC). PD-L1 has a broad tissue distribution and is 

expressed in both hematopoietic and non-hematopoietic cells. PD-L2 

expression is restricted to APCs, macrophages, epithelial cells, and B-cells157.  

In the TME of most malignancies, PD-L1 and PD-L2 are believed to be 

upregulated by neoplastic cells and surrounding leukocytes, hence promoting 

a tumor-suppressive immune response. PD-L1/PD-L2 expression in HL is  

driven by 9p24.1 chromosomic alterations and amplifications which is also 
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associated with inferior survival160,161. JAK-2 copy gains are almost always 

found along 9p24.1 amplicons, which can through JAK-STAT signaling 

increase PD-L1 expression162. Moreover, PD-L1 expression can also be 

induced by EBV-associated proteins like LMP1 via activation of the JAK-

STAT pathway163,164. PD-blockade intends to boost the anti-tumor response 

by revealing the immune resistance promoted by the PD-1/PD-L1 in the 

TME165.  

In HL, PD-1 is expressed by leukocytes surrounding the HRS cells166. In 

contrast, PD-L2 and PD-L1 are expressed both on HRS cells and different 

leukocytes,  mainly macrophages166,167,60. PD-L1+ TAMs is also observed in 

the TME of cHL, often near HRS cells166. Although some studies are 

ambiguous regarding the prognostic impact of PD-1/PD-L1 markers, latest 

studies reports that a high proportion of PD-1 and PD-L1 expressing 

leukocytes in the TME of cHL is associated with inferior survival167,168. 

Moreover, in a clinical setting, studies report that higher expression of PD-L1 

on HRS cells is associated with higher treatment success with PD-1 

blockade59,169. 

The CD47/SIRP Pathway 

The CD47 molecule, also known as integrin-associated protein (IAP), is a cell-

surface glycoprotein expressed on healthy cells needing to deactivate myeloid 

cells with phagocytic ability170,171. The CD47 gene (3q13.12 region) is 

upregulated by the Myc oncogene172. Activation of CD47 via SIRPa on 

macrophages and myeloid cells induces antiphagocytic signaling. In contrast 

to CD47,  it is mainly myeloid cells that express SIRPa173.Upregulation of 

CD47 is seen across many types of neoplastic cells and correlated with adverse 

prognosis170,174,175. Clinical phase I/II trials, targeting the CD47-SIRPa axis 

across several solid tumors and hematological malignancies are ongoing176,177, 

with encouraging results in non-Hodgkin lymphoma178,179. While the PD-

1/PD-L1 axis is investigated in more depth in cHL, CD47 studies in cHL are 

lacking. A small study (n=16) recently indicated that CD47 overexpression on 

HRS cells could be observed with immunohistochemistry (IHC) among 

certain cHL cases180. Since increased phagocytosis due to CD47/SIRPa 

blockade could potentially lead to increased neoantigen exposure in the TME, 

there is a high biological rationale that CD47/SIRPa blockade could work in 

synergy with checkpoint blockades like PD-1 inhibitors170. Further, CD47 

plays a role in cancer dissemination through its interaction with integrins 

essential for cancer cell migration181,182. Further, activation of CD47 initiates 

pro-tumorigenic intracellular signaling within cancer cells like the PI3K 

pathway183. 
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Next Generation Immune Checkpoint Pathways  

LAG-3 (Also known as CD223) is a transmembrane protein, mainly 

interacting with major histocompatibility complex (MHC) class II. LAG-3 is 

primarily expressed by T-cells but is found in various leukocytes, including 

dendritic cells and B-cells184,185. The mechanism of action of LAG-3 is still 

under investigation. However, studies report effects like Treg expansion and 

downregulation of CD4+ and CD8+ T-cells. LAG-3 expression has been 

observed in the TME of cHL, but further studies are warranted186. CTLA-4 is 

a surface protein expressed on T-cells and prevents CD28 mediated T-cell 

activation. The most famous anti-CTLA-4 monoclonal antibody is ipilimumab 

with first approved indication in advanced melanoma187. Ipilimumab 

treatment combinations in early clinical phase I trials in HL have been 

conducted, but further studies are warranted188. Another checkpoint inhibitor 

of interest with inhibitory effects on CD4+ and CD8+ T-cells is T-cell Ig-3, 

with several ongoing phase I/II trials in different malignancies189,190.  

Proteomics  

Proteomic profiling of cancer disease is an evolving field of interest that is 

enabled via throughout profiling detection of new potential markers for 

diagnostic and therapeutic approaches191. While methods such as mass 

spectrometry (MS)-based proteomic have dominated the field, followed by 

recent non-MS based methods192 in this thesis, we will focus on the nucleic 

acid proximity method, Proximity Extension Assay (PEA). PEA came after 

the Proximity Ligation assay (PLA) method193,194. Both PLA and PEA are 

optimized via a dual reporter method to eliminate antibody cross reactivty193. 

The PEA method has confirmed high sensitivity and specificity195–197. 

PEA uses antigen-antibody recognition via antibodies linked to a proximity 

probe (PEA probe), a unique DNA oligonucleotide. PEA probes in close 

proximity have an affinity and can hybridize after target binding creating 

hybrid links. After hybridization, a DNA-polymerase generates DNA 

amplicons from the hybrid links that act as a surrogate marker for the specific 

antigen marker. The DNA-polymerization step is the primary step that 

differentiates PEA from PLA,  which usually uses a DNA ligase method or 

indirect antibody oligonucleotide recognition194. The last step in PEA is using 

real-time Polymerase Chain Reaction (PCR) and quantification PCR (qPCR) 

to quantify the DNA amplicons.  
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Data from PEA Analysis 

The initial data output from PEA is usually the cycle threshold (Ct) value 

which corresponds to the total of PCR cycles required for the fluorescent 

signal to surpass background levels for each protein. Different antigen 

concentrations will thus generate a different number of Ct values195–197 and 

have an inversely proportional correlation to the concentrations, i.e., lower Ct 

levels correspond to greater concentrations195–197. The PEA analysis can be 

conducted on liquid samples as small as 1µl195 and as with PLAs can be carried 

out in homogeneous assay plates, hence minimizing operator pitfalls 

compared with methods that analyze each sample individually.  

However, Ct values in PEA for multiplex assays are often subject to 

different data pre-processing procedures to normalize possible intra- and inter-

assay variations. Intraassay variations are usually adjusted by normalizing 

each data point to a so-called extension control signal for the same sample. 

Inter-assay variability, which is crucial in validating reproducibility, is 

somewhat more challenging. A recently described method using a so-called 

inter-plate control (IPC) aims to overcome this challenge195 and generates a 

data output assigned the term “Normalized Protein Expression (NPX)”195. 

NPX is a log2 arbitrary scale unit based on IPC associated normalizations and 

the Ct values. Each single log2 NPX unit difference between two samples in 

the same plate reflects a two-fold difference in protein concentration.  

In PEA, the lower limit of detection (LOD) threshold is based on 

comparisons between “background” NPX values with patient sample NPX 

levels and is calculated via linear regression and different algorithms. LOD is 

usually 3X SD of background195. Management and censoring of values below 

LOD vary among researchers. Strategies described include data imputation, 

replacing values below LOD with LOD or LOD/SQRT 2, or using actual data 

even if below LOD. Depending on the cohort and the skewness of censored 

data, different approaches are recommended198.  

Proteomics in Cancer and Hodgkin Lymphoma  

Cancer proteome profiling is mainly carried out but not limited to identifying 

and quantifying protein discrepancies between cancer samples and healthy 

controls and aims to identify diagnostic markers in early disease, prognostic 

biomarkers and potential therapeutic targets199–201.  

Reports reviewing and investigating gene expression profiling and mRNA 

quantification studies in cHL13,202–205 are more abundant than throughput 

proteome studies in cHL206–209. The latter is often confined to commercial 

HRS cell lines, and all lack corresponding controls for tissue proteomics (i.e., 

lymph nodes). Although these studies206–209 have identified and validated 

many proteins of interest in cHL there is an unmet need for further validation 
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studies utilizing new methods and investigating novel immune markers of 

interest.  
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Aims 

Overall aim 

To add significant insights regarding important immune markers of recent 

interest in the tumor microenvironment of cHL and their clinicopathological 

implications.   

Specific aims 

I. To investigate CD138+ plasma cells and IgG4+ plasma cells in the 

TME of cHL. To assess their biological significance by correlating   

their proportion distribution to clinical features and survival.  

II. To determine the clinicopathological relevance of IL-6+ 

leukocytes and IL-6+ HRS cells in the TME by correlating their 

proportion distributions in the TME with immune markers in the 

TME, serum IL-6, and survival.  

III. To increase our knowledge of CD47 surface glycoprotein 

expression in the TME of cHL and its effect on diseases prognosis.  

IV. By using the Proximity Extension Assay (PEA) technique, to 

conduct proteome profiling of key immune markers in cHL. 
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Materials and methods 

Ethical considerations 

Papers I, II, III received approval by the Swedish Ethical Review Board (ID 

no. 2014/233) and the Regional Ethical Committee (ID no. 99-154), Uppsala, 

Sweden. Paper IV was approved by relevant regional ethical committees, Dnr 

2014/020, Dnr 01-367, and Dnr 2014/233.  

Patients 

Papers, I, II, and III included patients in a population-based case-control 

study conducted in Sweden and Denmark between 1999-2002 called 

Scandinavian Lymphoma Etiology (SCALE). Specifics of the SCALE are 

provided elsewhere210,211. In paper I (n=124), paper II (n=143), and Paper 

III (n= 143) materials were restricted to Swedish study participants of the 

SCALE cohort, in which sufficient retrieved tumor tissue material remained 

for IHC analysis. Exclusion criteria for SCALE were a history of HIV 

infection, organ transplantation, or other hematopoietic malignancy. Hodgkin 

lymphoma diagnosis was defined according to the International Classification 

of Diseases [(code C81), ICD-10]210. Expert hematopathologists revisited all 

material for histological subtype classification in agreement with the WHO 

classification of 201614.  

Study subjects included in paper IV were part of a case-control research 

program: U-CAN (Uppsala Umeå Comprehensive Cancer Consortium), 

which has since 2010 collected data and created a biobank with blood and 

tissue samples from adults with cancer in Sweden. Paper IV was restricted to 

patients with available plasma samples at diagnosis (n=26), and diagnostic 

core biopsies (n=27). Control materials included in the study were lymph 

nodes diagnosed with reactive lymphadenopathy (n=30) from the Research 

and Development Unit of the Department of Clinical Pathology and plasma 

samples (n=27) from healthy blood donors. All controls gave full consent and 

were matched for age and gender during random selection.  
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Clinicopathological Data  

Thorough clinical information was collected via hospital health records. 

Median follow-up time was 13.8 years(y), range (0.59-15.9y) for papers I-IV.  

Clinical staging was performed in accordance with the International Ann 

Arbour system212,213. Serum IL-6 was analyzed with enzyme-linked 

immunosorbent assay. Details of the methodology are described elsewhere139. 

Analysis of EBV infection in HRS cells was done by IHC for LMP-1 and in 

situ hybridization for EBER72. Detection of other immune markers in the TME 

is described elsewhere and via IHC: PD-1, PD-L1, and PD-L2167, 

eosinophils72, CD138+ plasma cells214, tryptase+ mast cells72, granzyme B+ 

activated lymphocytes75, FOXP3+ Tregs 75, and CD68+ macrophages75.   

Treatment:  

The patients included in all papers were treated uniformly according to 

Swedish national guidelines, mainly with either BEACOPP/BEACOPPesc or 

ABVD3,56,215
. A few patients with reduced tolerability, e.g., elderly patients, 

were managed with RT only or other less toxic chemotherapy regimens. 

Relapse or refractory disease were treated with salvage chemotherapy, 

followed by HDCT and ASCT for eligible cases74.  

 

Immunohistochemistry  

IHC in papers I, II, and III was conducted on tissue microarray (TMA) from 

diagnostic tumor tissue (formalin-fixed paraffin-embedded). The TMAs were 

produced via standard technique 216, using  3-4 μm thin sections.  Each patient 

had either 2 or 4 tumor tissue cores with an area of (1 mm2) per core in every 

TMA. The representative nature of the core biopsies in the TMAs had been 

validated and examined in terms of the distribution of tumor-infiltrating 

leucocytes compared to whole tissue sections with good concordance217.  

All TMA and IHC reparations were conducted at the Department of 

Clinical Pathology at Uppsala University Hospital. IHC was performed using 

the Dako automated staining system (Dako, Santa Clara, CA), which uses an 

automated system for heat-induced inkless eco-printing for antigen retrieval, 

blocking, incubation, and antigen visualization. Mayer’s hematoxylin 

(Histolab Products AB, Askim, Sweden) was used for counterstaining. Lymph 

nodes, reactive tonsils, and hepatic tissue were used as healthy controls. The 

following antibody was used for target detection in papers I, II, and III:  
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• In paper I: IgG4 monoclonal antibody, clone HP6025; Merck 

Millipore, Darmstadt, Germany, diluted 1:50,for CD138, clone 

Mi15 monoclonal mouse anti-human antibody, diluted 1:25, Dako, 

Agilent, USA was used.  

• In paper II: a polyclonal rabbit antibody against human IL-6, clone 

AHP1040 (Bio-Rad, Philadelphia, PA), diluted 1:2000 with Dako, 

Agilent, (K800621-2).  

• In paper III: double staining with CD47/PAX5,  with a polyclonal 

antibody against CD47,  clone LS-C658462 (LifeSpan Biosciences, 

Seattle, WA) diluted 1:1000. And PAX5, monoclonal antibody, 

clone M7307/DAK-PAX5 (Dako, Santa Clara, CA), diluted 1:100. 

Moreover, independent recognition of SIRPa was conducted using 

a monoclonal antibody, clone sc-17803/A-1(Santacruz Biotech, 

CA), and EnVision FLEX+ High pH Kit (Agilent). 

Tissue Assessment:  

All cases with extensive fat/fibrosis or lack of HRS cells were excluded. All 

materials were assessed by two independent researchers, whereof one senior 

hematopathologist. In papers I and II, the tissue scoring was conducted 

manually and via image analysis software (Visiomorph, Visiopharm, 

Hørsholm, Denmark). The manual assessment was performed by analyzing 

the material with light microscopy in 6-8 High Power Fields (HPFs) at 400 X 

(0.0625 mm2) and manual counting for proportions. The digital analysis was 

programmed to identify positive cells and then divide them with 

corresponding negative cells, generating a proportionate score. 

In paper II, HRS cells and surrounding leukocytes were scored separately. 

IL-6+ HRS cells were calculated by dividing positive HRS cells in the TME 

with total HRS cells, and IL-6+leukocytes proportion was computed by 

dividing positive leukocytes by the total number of leukocytes. In paper III, 

CD47+ HRS cells were identified manually in 6-8 HPFs at 400 X (0.0625 

mm2). A modified method of the Allred scoring was performed218. Patients 

with biopsies containing a majority of CD47+ HRS cells with weak or 

intermediate intensity (equivalent to an Allred score of 6-7) and patients with 

HRS CD47 expression with strong intensity and homogenous staining pattern 

(equivalent to an Allred score of 8) were grouped separately. The SIRPa 

scoring in paper IV was assessed in leukocytes. SIRPa+ leukocyte proportions 

were calculated via image analysis software (Visiomorph, Visiopharm, 

Hørsholm, Denmark), i.e., generating a proportionate score dividing positive 

leukocytes with the total number of positive and negative leukocytes in 4-6 

HPFs, at 400x, 0.0625 mm2. 
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Proteomics:  

In paper IV, proteome profiling was performed using multiplex PEA as 

described earlier, using Immuno-Oncology panel (Olink Proteomics™, 

Sweden) described by Shen et al. comprising 92 different proteins involved in 

the immune response219. Preparation of tissue material was performed at the 

Uppsala Biomedical Center (BMC), Uppsala University, SciLifeLab. The 

optimal buffer and concentration for PEA for tissue lysates were determined 

after testing different concentrations on one control and one tumor sample. 

The concentration of 0.125 μg/μl total protein was used for tissue lysates and 

was subjected to PEA analysis. A volume of 1ul was used for PEA analysis 

with the same Immuno-Oncology panel for the plasma samples. Tissue 

samples were run on the same plate and randomized within. The same was 

done for the plasma samples but on a separate plate. Full workflow for data 

pre-processing, quality control, and proteins included can be found 

elsewhere220.  

Statistical methods 

In all papers. Statistical analyses were performed using R version 3.2.2 

(www.r-project.org). Statistical significance was defined at a p-value < 0.05.  

Correlations and Descriptive data.  

Test for independence for descriptive data between groups was analyzed with 

Fischer’s exact and Chi-square test. Test of normality was calculated with the 

Shapiro-Wilk test on residual values. Associations between continuous 

variables and dichotomized variables were analyzed with Two Sample Welch 

t-test for data with normal distribution and unpaired Mann–Whitney–

Wilcoxon test for data with a non-normal distribution. Multivariate correlation 

analysis was performed with linear regression.  Correlations between 

continuous variables were analyzed with the Pearson correlation test for 

normally distributed data. The Spearman rank test was used for data with non-

normal distribution.  

Further, in paper IV, receiver operating curves (ROC) with associated 

(AUC) analysis was performed to investigate the proteins’ predictive 

differential ability to distinguish between cHL cases and controls. Benjamin-

Hochberg’s procedure was used to reduce the false discovery rate. NPX unit 

on log2 scale was used as described earlier. Since both control and cancer 

samples were randomized in the same plates in the multiplex PEA, no further 

data processing and normalization was needed. Data points below LOD were 

replaced with a fixed value (=LOD).  Principal component analysis (PCA) was 

performed for dimension reduction and an overview of the relations of the 
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proteins between controls and cHL cases. Propensity score matching, 

caliper=0.2, was also used adjusting for unbalanced variables between 

indented groups to be compared.  

Survival analysis. 

Overall survival (OS) was designated from date of diagnosis until death (any 

cause) in all papers. Event Free Survival (EFS) was defined as the date of 

diagnosis until failure of treatment, which included: progression of disease, 

relapsed disease, discontinuation of front-line therapy (including initiation of 

new relapse treatment), and death from any cause. Kaplan-Meier (K-M) 

estimate was used to determine survival function. The Cox regression model 

was used for analyzing adjusted/unadjusted hazard ratios (HRs) with a 95% 

confidence interval (CI). Diagnostics of all Cox models were performed and 

fulfilled goodness-of-fit. The covariates in multivariate analysis were 

identified via directed acyclic graphs and examined for their individual 

survival impact on EFS and OS with univariate Cox Regression. Propensity 

score matching, caliper=0.2, was used adjusting for unbalanced variables 

between indented groups to be compared. ROC curves and AUC retrieval 

were further performed in paper II to determine the accuracy of predicting 

survival outcomes.  

Defining Groups and Cut-offs:  

In paper I: Different cut-offs for CD138+ and IgG4+ plasma cells were 

examined with K-M, the cut-off where the greatest survival discrepancy was 

observed in K-M, was chosen. In paper II: The optimal cut-off for IL-6+ 

leukocytes was defined by using the Youden Index and ROC curves with 

survival as outcome. Further, different cut-offs and IL-6+ leukocytes treated 

as a continuous variable were examined in Cox regression. Dichotomization 

for IL-6+HRS cells was conducted as previously described in Reynold et al.132 

defining risk exposure as any presence of IL-6+HRS cells in the TME. Serum 

IL-6 was in paper II treated as a continuous variable in Cox regression as 

previously described in Biggar et al.139: In paper III. No statistical cut-off 

data processing was needed since the CD47 scoring assessment was pre-

defined to generate two groups, i.e., high and low CD47 expression, as 

described earlier. For SIRPa+ leukocytes, survival analysis was performed, 

treating data outcome as continuous and with different cut-offs. In paper IV, 

protein NPX values were treated as continuous variables in adjusted Cox 

regression. 
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Results and Discussion 

Paper I 

CD138+ plasma cells in the TME were observed in 70/120 cases. Further, 

patients with a high proportion (≥10%) of CD138+ plasma cells (n=8) had an 

inferior EFS (p=0.007) and OS (p=0.004) in the univariate Kaplan Meier 

analysis compared with patients with lower levels (see Figure 1).  However, 

the adverse survival implication did not maintain significance when adjusted 

for age and disease stage. Further, CD138+ plasma cells were more prevalent 

in patients with B-symptoms, p=0.029. 

The negative survival implications of CD138+ plasma cell proportion in 

the TME are in line with other studies in ovarian cancer and Diffuse Large B-

cell lymphoma showing that CD138+ plasma cells in the TME are associated 

with inferior survival221–223. The pro-tumor effects of plasma cells are 

mechanisms like PD-L1 expression and IL-10 secretion, which can promote 

Treg differentiation and subsequent and anergic TME84,91,124,125. However, 

CD138+ plasma cells were not found to be correlated with FOXP-3+ Tregs in 

the current study.  

Several studies on malignant melanoma suggest that IgG4 antibodies in the 

local TME have a negative influence on survival through interference of 

tAbs94,122,123.  However, we did not find any survival implications for IgG4+ 

plasma cells. IgG4+ plasma cells were generally observed in a limited number 

of cases (18/122) and when present only in sparse proportions <4%.  

A hypothesis for the correlation of B-symptoms and CD138+ plasma  cells 

is elevated levels of IL-6. IL-6 is known to promote plasma cell 

differentiation128,129 and cause B-symptoms132,137,139.  
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Figure 1. Survival analysis with Kaplan Meier for CD138+ plasma cells and IgG4+ 
plasma cells. P-values were calculated with the log-rank test.  The number of patients 
in groups compared high/low for CD138+ plasma cells n=8/112, IgG4+ plasma cells 
Yes/No, n=18/104.  

Paper II  

By investigating IL-6 expression in the TME of cHL via IHC, we could 

correlate our findings to serum IL-6, clinical features, and other immune 

markers in the TME. We observed IL-6+ leukocytes in the TME of cHL in 

several cases, 40% (54/136) had a proportion of IL-6+ leukocytes 1%. The 

IHC staining was mainly cytoplasmic. The source of IL-6 protein is in general 

believed to be mainly from intracellular protein synthesis; however, paracrine 

uptake, especially in HRS cells, is also described13,145. Based on cell 

morphology, the main subtypes of leukocytes positive for IL-6 were 

lymphocyte and monocyte-looking cells. A few IL-6+ leukocytes had plasma 

cell morphology. This aligns with previous studies confirming that most IL-6 

in the TME originates from monocytes and that healthy plasma cells 

themselves cannot produce IL-6224,225. IL-6+ HRS cells were observed in 48% 

(63/130) of the patients. Further, we found a correlation between IL-6+ HRS 

cells and increased IL-6+ leukocyte proportions in the TME; rho=0.49. 
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p<0.01, indicating that IL-6 HRS+ cells attract IL-6+ leukocytes to ensure a 

paracrine feedback loop, congruent with the pathophysiological mechanisms 

described in the TME of cHL 11,13  

Patients with a proportion of IL-6+ leukocytes 1%, had inferior EFS and 

OS (p<0.001 for all) compared with patients with lower proportions (see 

Figure 3). The observed prognostic effect maintained significance in adjusted 

analysis for well-established prognostic covariates. That relatively low 

proportion 1% of IL-6+ leukocytes have a prognostic impact is in line with 

studies showing that only 1-2 monocytes are sufficient to support whole 

neoplastic colonies and is congruent with the potent nature of IL-6 226. 

Moreover, the adverse survival implication was observed with different cut-

offs and as a continuous variable supporting the prognostic significance of IL-

6+ leukocytes.  

 

Figure 2. Kaplan-Meier calculations for EFS and OS regarding IL-6+ leukocytes in 
cHL tumor microenvironment with a cut-off point at 1% proportion. 

IL-6’s possible pro-tumor activities have been discussed in detail earlier and 

include activation of intracellular signal systems that promote tumor 

survival13,227,228, suppressing cytotoxic cells in the TME through upregulation 

of PD-L1 in immune cells154,155,229, inhibiting APC differentiation152 and 

polarizing macrophages toward a suppressive (M2) phenotype153. 

Interestingly, we found IL-6+ leukocytes correlated with CD138+ cells, 

aligned with studies reporting that IL-6  supports plasma cell differentiation 

and survival128,129. 

IL-6+ HRS cells lacked prognostic relevance, congruent with a previous study 

by Reynold et al.132. However, IL-6+ HRS cells correlated with increased 

proportions of PD-L1+ leukocytes and PD-L1+ HRS cells. These correlations 

resonate with studies showing that IL-6 can upregulate PD-L1 in immune 

cells154,155,229. Serum-IL-6 did not correlate with IL-6+ cell proportions in the 

TME or have any effect on disease prognosis.  
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Paper III  

In paper III, we investigated the prognostic relevance of CD47 expression in 

the TME of newly diagnosed cHL. Forty-eight patients (35%) were classified 

as cases with high CD47 expression. Their HRS cells were dominated by 

intense, homogenous CD47 staining, regularly having a dot-like uptake 

around the Golgi area. Cases with low expression (n=88, 65%) had weaker 

staining  and partial cytoplasmic staining. An IHC study examining CD47 

expression in cHL(n=16)180 found that cases with “overexpression” of CD47 

on HRS cells (27%) had a “predominant diffuse granular cytoplasmic staining 

pattern” congruent with our results. Furthermore, we did not observe any 

association between CD47 expression on HRS cells and proportions of 

SIRPa+ leukocytes.  

 High expression of CD47 on HRS cells correlated with inferior EFS and 

OS(see Figure 4), compared with low CD47 expression, and remained 

significant when adjusting for relevant prognostic factors and age at different 

cut-offs. Furthermore, high expression of CD47 on HRS cells correlated with 

adverse prognostic clinical features like lower levels of hemoglobin, lower 

levels of albumin, higher levels of ESR, and higher age. The observed 

prognostic implication found in the current study regarding CD47 expression 

resonates with current evidence showing CD47’s  important role in cancer 

immune evasion in several malignancies170,174,175. The presence and 

proportions of SIPRa+ leukocytes lacked significant prognostic 

consequences.  
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Figure 3.Univariate Event-free Survival (p<0.001) and Overall Survival (p<0.001) 
function with Kaplan-Meier plots retrieved with associated log-rank test: Low 
Expression= Low CD47 expression on HRS cells, High Expression= High CD47 
expression on HRS cells. 
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Paper IV  

In paper IV, proteome profiling of 92 different proteins involved in the 

immune system was performed with the PEA technique on cHL tissue 

consisting of diagnostic biopsy tissue lysates from cHL patients and control 

tissue, consisting of reactive lymph node lysates from control study subjects. 

I addition, we compared plasma samples at diagnosis from cHL patients with 

samples from healthy controls.  

We identified 17 proteins that significantly distinguished cHL tissues  from 

control tissues. Two proteins, (TIE-2 and IL-7) showed lower levels in cHL 

tumor tissues, while the remaining 15 proteins showed higher levels compared 

with control tissues. The identified 17 proteins all had high predictive value 

for discriminating cHL tissues from control tissues (AUC 0.82-92). In 

addition, 8 of the 17 proteins identified in tissue were significantly elevated in 

cHL plasma compared with plasma from controls, IL-6, PD-L1, (C-C Motif 

Chemokine Ligand (CCL)17, Matrix metalloproteinase-12 (MMP12), Tumor 

necrosis factor receptor superfamily-4 (TNFRSF4), CCL3, IL-13, and LAG3. 

None of the identified proteins were significantly correlated to survival 

outcomes, most likely due to a limited number of patients in the study. 

However, several of the 17 identified proteins in cHL tissues were correlated 

to increased PD-L1 levels in cHL tissue (IL-6, Monocyte chemoattractant 

protein (MCP)-2, CCL3, CCL4, Granzyme-B, and Interferon-gamma). The 

majority of the 17 identified proteins have been previously studied regarding 

their expression in the TME of cHL, while others lack studies (see Table 3).  
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Table 3. Overview of 17 proteins that distinguished  cHL tissues from control tissues. 

Protein Tissue Plasma Known studies in cHL 

LAG3 >cHL >cHL 
Higher in Tregs adjacent to HRS cells, levels correlate to 

macrophages186,230,231 

CCL17 >cHL >cHL Found in HRS cells, and Monocytes in the TME 17.22.23 

IL6 >cHL >cHL Found in HRS cells, various leukocytes in the TME1.2 

IL13 >cHL >cHL 
Found in HRS cells, and various lymphocytes in the 

TMA235–237 

CCL4 >cHL >cHLn Upregulated in TAMs, HRS cells negative1.2 

IFN-gamma >cHL >cHLn Found in HRS cells1.2 

TIE2 > Ctrl > Ctrln No available data 

TNFRSF4 >cHL >cHL Found in T-cells, Studies on HRS cells limited50.51.243 

PD-L1 >cHL >cHL Found in HRS cells and surrounding leukocytes1.2 

MCP-1 >cHL >cHLn Found in Monocytes and HRS244 

MCP-2 >cHL >cHLn Found in HRS cells202 

IL7 > Ctrl >cHLn Found in HRS cells 245 

CD70 >cHL >cHLn Found in HRS cells78.79 

CCL3 >cHL >cHL Found in HRS cells204 

MCP-4 >cHL >cHLn Found in HRS cells75 

MMP12 >cHL >cHL No available data 

Granzyme 

B 
>cHL >cHLn Found in HRS cells and cytotoxic lymphocytes248 

 >cHL= Significantly higher levels in cHL tissues compared with control tissues.  
n= Non-significant. > Ctrl= Higher levels in control tissues compared with cHL tissues: 
HRS=Hodgkin Reed Sternberg cells. cHL= classical Hodgkin lymphoma. TAM= Tumor 
associated macrophages.  

In conclusion, we found a proteome profile confirming several previous 

important markers in cHL, as well as introducing emerging immune markers 

of interest.  

Strengths and Limitations 

The retrospective observational cohort designs in all papers limits control of 

potential cofounders and relies heavily on recorded data and retrospective 

adjustments. However, cohorts used in all papers were comprehensive in 

clinical records, and careful adjustments were conducted for specific results 

with multivariate Cox regression and propensity score matching. 

Nevertheless, there are still risks with retrospective adjustment models in 

generating false-positive significance, especially with multiple testing249. In 

Cox regression models with numerous covariates, there is an increased risk of 

“overfitting” with decreased accuracy 250. 

Moreover, the sample sizes in all studies are limited. Therefore, the studies 

would strongly benefit from adding external validation cohorts. All antibodies 

used in IHC staining, were carefully selected by our senior expert 

hematologist team, with previous experience using these antibodies and 

validated specificity data elsewhere. However, further antibody validation, 
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particularly for CD47 would be of great value. An important pitfall to consider 

in paper III is that protein “overexpression” based on IHC has restrictions. 

However, since we had an apparent distinguishing criterion from weak and 

strong staining and the presence of dot-like staining of the Golgi area in the 

latter. In paper IV, tumor tissue lysates from primarily cHL do not inform 

about the cellular source of the different proteins. Therefore, IHC spatial 

distribution of proteins of interest would be of great value in paper IV.  

Main strengths of the studies include using a uniform treated cohort in 

papers I-III, with a long follow-up time. Moreover, data records with multiple 

investigational immunomarkers were available. Moreover, in papers I-III, two 

independent researchers assessed the material with high congruency between 

their scorings. The strength of paper IV is the usage of PEA as a 

complementary method detecting proteins with high sensitivity and the unique 

study design of using reactive lymph nodes as controls. 

  



 

 42 

Summary of results 

I. Patients with a high proportion of CD138+ plasma cells in the 

TME (10%) had inferior survival outcomes and a higher 

frequency of B-symptoms.  

II. IL-6+ leukocytes 1% in the TME of cHL were an unfavorable  

prognostic feature, and IL-6+ HRS cells correlated with PD-L1+ 

leukocytes and PD-L1+ HRS cells.  

III. Patients with high expression of CD47 on HRS cells had inferior 

EFS and OS.  

IV. A total of 17 different proteins out of 92 involved in various 

aspects of the immune response distinguished cHL tissue from 

control tissue. Among them were previously investigated 

proteins of interest in cHL such as IL-6, and PD-L1, and other 

key proteins (LAG3, CCL17, and CCL3).  
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General Discussion and Future Implications 

The prognostic implication and the interest of the TME of cHL have been 

subject to great interest since the success of immunotherapies in different 

malignancies and cHL.  

In paper I, we introduced long-lived CD138+ plasma cells as a new essential 

player in the TME of cHL. While antibodies and CAR strategies against 

CD138 are currently under clinical investigation in MM, it could be interesting 

to investigate whether CD138+ inhibition could affect disease outcome in in-

vivo models in cHL. It would be interesting to investigate whether the pro-

tumor activities of plasma cells are due to secretion of IL-10. However, in 

paper IV,  IL-10 levels were mainly under the limit of detection in most cHL 

tissue cases; hence such a study would need to be powered to investigate 

numerous patients.  

Paper II is the first study in cHL in adults exploring IL-6 in cHL since 

2002, using a contemporarily treated cohort with long-term follow-up. The 

biological rationale to investigate IL-6 is derived from several studies 

indicating IL-6 role in promoting treatment resistance and blockade of critical 

downstream pathways, i.e., PI3k135 and PD-1/PD-L1 pathway in cHL251,252. 

The observed prognostic implication of IL-6 in the TME, as well as its 

association with PD-L1 expression, introduce IL-6 as a vital player in the 

TME of cHL.  

Findings in paper III investigated a checkpoint target CD47 of great 

interest with lacking studies in cHL. The presence of high CD47 expression 

on HRS cells and its subsequent prognostic implication might open doors for 

future predictive approaches of CD47 inhibition in cHL.  

Paper IV utilized a unique PEA proteome profiling study design. Using 

tissue lysate from a diagnostic biopsy from cHL patients, and lymph nodes 

diagnosed with reactive lymphadenopathy as controls. We could identify a set 

of proteins involved in the immune response, significantly distinguishing cHL 

from controls. Interestingly IL-6, as well as several essential  proteins like PD-

L1, LAG3 and CCL17, were identified as increased in cHL tissue. 

The findings in this thesis collectively shed light on markers of interest in cHL. 

Naturally, these markers presented in this thesis need to be adjusted for 

emerging clinical stratification tools and treatments in modern validation 
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cohorts to translate into clinical use. For instance, it may be so that the new 

interim FDG-PET guided strategy used by clinicians today may erase the 

prognostic implications of these markers. However, the need for continuous 

research that increases our knowledge of the different elements of the TME is 

highly necessary in the quest to generate a prognostic treatment stratification 

tool based on the phenotype of TME as well as in identifying new therapeutic 

strategies.  
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Sammanfattning på svenska 

Hodgkins lymfom (HL) är cancer med ursprung i lymfsystemet. I HL sker en 

okontrollerad expansion av karaktäristiska maligna Hodgkin- och Reed-

Sternberg (HRS) celler. HL är den vanligaste lymfomtypen under tonåren och 

för unga vuxna, med en primär incidenstopp mellan 15–34 år, följt av en 

incidenstopp efter 50 år. Utan behandling är sjukdomen dödlig. Med moderna 

behandlingar är den övergripande prognosen mycket bra för >95% för yngre 

patienter med gynnsamma prognostiska faktorer. Äldre patienter samt 

patienter med primär avancerad sjukdom löper dock fortfarande stor risk för 

att återinsjukna eller att inte svara på primär behandling. Samtidigt finns det 

långtidsföljder av aggressiv behandling med cellgifter som kan orsaka 

långtidsbiverkningar och permanent nedsatt livskvalité.  

Därför finns det ett mediciniskt behov av att undersöka tumörbiologin i HL 

med syfte att identifiera nya prognostiska markörer som i framtiden kan 

komma att hjälpa till att vägleda våra behandlingsval och skräddarsy 

behandlingarna mer optimalt beroende på varje individs sjukdomsbild. 

Klassiskt HL skiljer från andra lymfom eftersom HRS-cellerna är i minoritet 

i tumörmikromiljön (TME) omgiven av inflammatoriska celler. Betydelsen av 

T-celler i TME har studerats mycket mer än B-cellers roll i TME. Höga nivåer 

av serum-IL-6 i HL har visat sig vara associerade med negativa kliniska 

faktorer och sämre överlevnad. Det är dock oklart om serum-IL-6-nivåer och 

tumörvävnadens IL-6-nivåer är korrelerade. Vidare är kartläggning av protein 

profilen i olika cancerformer ett snabbt utvecklande område där studier i HL 

är begränsade. Proximity Extension Assay (PEA) är ett verktyg som möjliggör 

detektion och kvantifiering av flera proteinbiomarkörer med hög känslighet 

och specificitet.  

Det övergripande syftet med denna avhandling är att identifiera cellulära 

och cytokinrelaterade proteiner med prognostisk betydelse i cHL för att öka 

vår insikt i sjukdomsbiologin.  

Delarbete I 

I detta arbete undersöktes CD138 positiva och IgG4 positiva plasmaceller i 

mikromiljön från tumörmaterial. Biopsier från nydiagnostiserade patienter 

med klassisk Hodgkins lymfom (cHL) användes och identifiering av 
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celltyperna skedde med immunhistologisk färgning. Vi kunde påvisa att 

patienter med högre proportion av CD138 positiva plasmaceller i 

tumörmikromiljön 10%, hade sämre överlevnad och oftare förekomst av B-

symptom. IgG4+ plasmaceller observerades sällan i mikromiljön och vid 

förekomst, endast låga proportioner 4%. Då plasmaceller i flera 

cancerformer har visat sig vara viktiga för sjukdomsprognosen fanns det ett 

generellt behov att utreda plasmacellers betydelse i cHL. På så vis ökar detta 

arbete vår förståelse och introducerar CD138+ plasmaceller som ett viktigt 

element i tumörmikromiljön i cHL.  

Delarbete II 

I denna studie undersöktes IL-6 uttrycket i leukocyter och HRS celler i 

tumörmikromiljön hos patienter med nydiagnostiserade cHL med samma 

metod som arbete I. Vi observerade att förekomst av leukocyter i låga 

proportioner 1% med IL-6 positiv immunhistologisk färgning var en 

riskfaktor för sämre sjukdomsprognos. Resultatet var signifikant även efter 

justering för övriga kliniska riskfaktorer som skulle kunna påverka analysen. 

Vi hittade även en korrelation mellan IL-6 uttrycket i HRS celler och uttrycket 

av programmerad celldöd (PD)-1 liganden i tumörmikromiljön. Vi fann också 

att IL-6 i tumörmikromiljön inte korrelerade med serum IL-6 nivåer. Studien 

kunde på så sätt klargöra viktiga obesvarade frågeställningar kring IL-6 

betydelse i tumörmikromiljön i patienter med cHL.  

Delarbete III 

I den tredje studien undersöktes också tumörmikromiljön i cHL på samma sätt 

som vid föregående studie. Dock här undersöktes uttrycket av CD47 proteinet. 

CD47 är ett protein som skyddar mot fagocyterna (”Celler med förmåga att 

äta andra celler”) genom att aktivera SIRPa på dessa celler. Studier har visat 

att olika tumörer genom att överuttrycka CD47 på deras cellyta kan undgå att 

bli uppätna av immunförsvarets celler. Dock har detta inte studerats i 

tillräcklig omfattning i cHL. I denna studie fann vi att patienter vars HRS-

celler har en starkare, homogen infärgning av CD47 antikroppen hade sämre 

överlevnad jämfört med patienter med svag infärgning, även om de hade fått 

samma behandling och hade samma riskfaktorer i övrigt. Vidare sågs inget 

samband mellan CD47 uttrycket och andelen SIRPa positiva inflammatoriska 

celler i tumörmikromiljön. Då CD47 antikroppar är under utveckling i flera 

kliniska studier i andra maligna sjukdomar öppnar våra fynd för att överväga 

CD47 behandlingsstrategier även hos patienter med cHL.   
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Delarbete IV 

Kartläggning av proteinprofilen i cHL har tidigare oftast genomförts på enbart 

plasmaprov eller på HRS cellinjer i cHL utan bra kontroller. I denna studie 

genomförde vi ett unikt experiment där vi undersökte proteinuttrycket i 

tumörvävnad från patienter med cHL och jämförde detta med vävnad från 

lymfkörtlar som inte är drabbade av någon malign sjukdom men snarare av en 

ospecifik inflammation. Vi använde metoden PEA och undersökte 92 

proteiner involverade i immunförsvaret.  Studien påvisade att 17 proteiner var 

signifikant förhöjda hos cHL vävnad jämfört med kontroller. Resultatet 

korrigerades statistiskt för att ha testat flera proteiner och visade bibehållen 

signifikans. Vi identifierade proteiner vars relevans i cHL redan är bekräftat i 

stor utsträckning som PD-L1, och IL-6 men vidare även identifierade flera 

proteiner vars viktiga roll i cancerprocesser beskrivs i andra cancerformer som 

CCL17 och LAG3.  
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