Macrophage-Derived Tumor Necrosis Factor Contributes to Benign Prostatic Hyperplasia

Through Increased Fibroblast Proliferation
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Abstract Results

Background: Benign prostatic hyperplasia (BPH) is characterized by enlargement of the

orostate. and commonly involves inflammation. High-grade inflammation has been Electronic_ Database Warehouse Study: Men with Macrophages from Small and Large BPH Tissues
demonstrated to limit the success of current therapies. However, the mechanisms by which Al Conditions Have Increased BPH Incidence Express TNF and TNF Receptors:
immune cells promote expansion of the prostate and whether these can be controlled Tablefl.RAll@Men,ANE
therapeutically are not well elucidated. Previous evaluation of patient medical records (%)E Macrophages
Indicated that men with an autoimmune disease (AID) diagnosis were significantly more Autoimmunel NoRAutoimmunel >
likely to also be diagnosed with BPH, while systemic therapy of AID using tumor necrosis 8203d10.2)7 72503[489.8)2 TNF: |
factpr (TN_F)oc-antago_nlsts reduced BPH diagnoses back to a bgseline Incidence rate. Here, BPHE No@BPHE BPHE No@BPHE P-Valuel |
we Investigated the_lnfla_mmatory_ component of human BPH tlssu_es and assess whether 2774[33.8)8 | 5429866.2)a| 1711323.6)a| 55390076.4)2 | <0.001A
TNFa regulates proliferation of epithelial or stromal cells from BPH tissues. ; ;
I\/Iethods._ These stu_dles utilized hls_tolo_glcal evalugtlon _of human BP_I—I tlssugs from our TameeEZ.EIr\/Ienlﬂuheremutoimmuneli:ccurre dPRIORZTOBPHMDiagnosis,NE
prostate tissue repository as well as in vitro cell proliferation assays using benign prostate o\
epithelial (BHPrE-1 and NHPrE-1) or stromal (BHPrS-1) cell lines, monocyte-like THP-1 (%) .y Epithelial
cells, and primary fibroblast cultures isolated from BPH tissues following simple Autoimmunel NofAutoimmunet ’ Cells ” |
prostatectomy. We also isolated transition zone tissue from small (<40 grams) versus large 686008.6)C 72503[91.4)C .1  TNFRI1: |
(>90 grams) human prostates and sorted viable, CD45+EpCAM-CD200- immune cells for BPHE NoBPHE BPHE No@BPHE | P-Valuel & -
single-cell mRNA-sequencing (scRNA-seq) analysis using the 10x Genomics Chromium 1431420.9)B| 5429{79.1)e| 17113H23.6)B| 55390{76.4)2 | <0.001( o O ® 4
System. CellRanger and Seurat were used for data analysis, evaluation of cell clusters, and o : 2
differential pathway analysis. Multivariable Regression Model: Predicting BPH S - . 7 )
Results: Single-cell mMRNA-sequencing (sScRNA-seq) analysis of CD45+ immune cells from in Men with Al Conditions Based on Treatment ® 9 Macrophages

. o L . . . i
BPH_tllssues iIndicate significantly altere_d pathways related Fo autoimmune inflammatory (Al) Prior to BPH Diagnosis 10 o 1 |
conditions from large versus small tissues. TNFo and its receptors are expressed by | . . ® 12 TNFR2 |
macrophages and in vitro studies demonstrate that TNFo and macrophage conditioned Table 3. TNFa antagonist treatment reduces BPH incidence in men ‘ o |

_ ! _ _ _ _ _ _ with autoimmune inflammatory conditions.

medium stimulates prollferatlon IN primary filbroblasts. Furthermore, macrophage-lnduced

proliferation in primary fibroblast cultures can be abrogated by TNFa neutralization in some 10 0 10
. . e . : Methotrexate 1.05 0.79-1.40 0.745 UMAP 1
cultures but not others, indicating patient-specific responses to this pathway. Finally, FEE— < 067 0.50.0.91 0.010 o
histological evaluation of prostate specimens from seven patients taking TNFa-antagonists @ ahtagonists | Sote | Figure 1. Combined clustering of CD45+ cells from 14 human prostate tissues. A) Immunohistochemistry indicating
at the time of nrocedure indicate these tissues have reduced proliferation Compared to Age 60+ 4.92 1.30-5.63 <0.001 CD45+ cells within the transition zone of human prostate tissue. Samples are representative of the small (h=10) and large (n=4)
Race prostate tissues used for scRNA-seq analysis. B-C) Fresh transition zone from small (n=10) or large (h=4) human prostate
matched controls. _ tissues were obtained. Tissue digestion and cell sorting allowed for scRNA-seq of ~5,000 CD45+ cells per sample.
Conclusions: These studies implicate macrophage-derived TNF as a driver of BPH. Caucasian Reference Unsupervised clustering of all 14 samples yielded 14 clusters with unique differential gene expression profiles. Uniform Manifold
: : : : : : : African-American 1.16 0.81-1.65 0.427 Approximation and Projection (UMAP) plots indicate (B) putative cell types from the 14 unique clusters in the combined
Studies '[9 determine whether TNF targeting may yI6|d therapeutlc benetit for BPH patients Hi : 0.72 0.45-1.17 0.186 clustering, or (C) relative expression of TNF, TNFRSF1 (TNFR1), or TNFRSF1B (TNFR2) genes in individual cells, where
are ongoing. 121 2E11E ' At ' yellow indicates low expression and purple indicates high expression.
Introduction and Methods Primary BPH Fibroblast Growth is Stimulated by TNF and || Evaluation of Altered Pathways between Leukocytes from Large
| o o Macrophage Conditioned Medium: versus Small BPH Tissues Includes Al-Related Pathways:
These data are a summary of an ongoing project in which complete analysis will include 10 small and 10 A
large prostate tissues. This will yield a dataset with comprehensive analysis of the immune cell EH18-093-012 Fibroblasts EH15-091-376 Fibroblasts Table 4. Top 18 pathways from Ingenuity Pathway Analysis (Qiagen) of differentially expressed
compartment throughout BPH progression. An overview of patient selection criteria and tissue processing o O . coro 0 . co genes between large versus small CD45+ cells.
for scRNA-seq is summarized below: 5 ot - sommicm & - 50% M1CM Ingenuity Canonical Pathways -Log(p-value)
3 . s M io;,:ffNMF s M io;/:ffNMF Communication between Innate and Adaptive Immune Cells 11.5 0.177
Small p!'ostate Seminal S “Large” prostate 5 - longmLTNE g ~+ 10 ng/mL TNF Hematopoiesis from Pluripotent Stem Cells 10 0.245
representing Bladder VeI zone Bladder representing (_% 0.1 (_% 0.1 EIF2 Signaling 7.94 0.0893
early BPH ] advanced BPH «c - NRF2-mediated Oxidative Stress Response 7.64 0.0952
- prostate removed F’gﬂé":f“'a' ....... 8 - prostate removed T T T T T T Systemic Lupus Erythematosus In B Cell Signaling Pathway 7.13 0.0764
due to cancer ; 2 due to clinical BPH Pays in growth condition Pays in growth condition Atherosclerosis Signaling 6.91 0.111
- used TZ tissue only Anterior 1 “'°N » - used TZ tissue only B B Cell Receptor Signaling 6.29 0.0865
- size <40 grams zgg’nﬂ‘;’scu'af S size >90 grams EH18-093-012 Fibroblasts EH15-091-376 Fibroblasts Role of Macrophages, Fibroblasts and Endothelial Cells in Rheumatoid
-N =10 - = S, — -N=4 0 O Control 0 O contor Arthritis 6.21 0.0673
s ' 5 o E IL-10 Signaling 6.17 0.145
ks sowmacw o] Toewmen IL-6 Signaling 6.12 0.104
CD45+ immune cells were isolated via fluorescence activated cell sorting on a BD FACSAria Il. Cells : mReM TN S ME O AT Be_ndrltlc Cell MaOtIu]E_at_lon ol 202 e
staining positive for EpCAM (epithelial), CD200 (endothelial), or Zombie Violet (dead) were excluded from 50 E rnmary Immunodeficiency Signaling 5.38 0.16
the analysis. Approximately 5000 CD45+ cells were loaded into the Chromium system (10X Genomics) and ool = oo Systemic Lupus Erythematosus Signaling 5.08 0.0699
prepared for scRNA-seq analysis. Dy m%gmwm oo Dy m'vgm;th dt Granulocyte_A_dhesmn_ and Dl_apede§|s | 5.04 0.0778
- - SPH fibrob i oration i stimulated by TNE and ) o Cholecystokinin/Gastrin-mediated Signaling 4.78 0.0924
Il rtin f scRNA-seq and igure 2. Primary ibroblast proliferation is stimulated by and macrophage conditione ) ) : : :
= CAI\/I-CDCZ:(e)O-iOD4l5+qi?nmune cells Drop-seq Data Analysis medium. THP-1 cells were treated with PMA and polarized to M1 or M2 macrophages. Conditioned medium Graﬂ. WS n 0! [.)'Sef'"se Slgn.allng. 2t Lick
D (CM) from polarized cells was harvested after 24 hours, then cultured with primary BPH fibroblasts isolated AUto'mmun? TherId- D'Se_ase Signaling 4.44 0.143
0]  Jeacame g from two different BPH patients. Growth assays were performed with 0.5% final serum concentration and| | Allograft Rejection Signaling 4.44 0.105
o] %pTaTE | — [0 growth was monitored via crystal violet. A) Growth assays with 50% macrophage CM or treatment of
' S = recombinant human TNF. B) Macrophage CM was treated with or without 40ug/mL anti-TNF neutralization . .
%150 8 antibody (P300A) for 6 hours prior to cell treatment. Data indicate that neutralization of TNF reduces Su m m ary an d FUtu re DI rECtI O n S
100 ] 0 wsy| E EBiE+ g WS macrophage-stimulated cell growth in fibroblasts from one patient but not from another patient.
] %P:12.93 : i
1N §io - O of | e * | | * Men with Al conditions are more likely to be diagnosed with BPH, but treatment with TNFa
S B S A Epithelial Cell Proliferation is Reduced in BPH Tissues antagonists reduce BPH diagnoses in these patients back to a baseline level.
Zombie Violet Ch4s from Patients Taking TNFa Antagonists: « CDA45+ cells accumulate in human BPH tissue as the disease progresses, including T cells,
An electronic data warehouse study including over 80,000 patient records of men over the age of 40 at ' macrophages and other myeloid cells, B cells, plasma cells, and mast cells. However, the
NorthShore was completed to determine whether autoimmune inflammatory (Al) conditions were positively Ki67+ epithelial cells relative proportions of these cell types does not change significantly as prostates enlarge.
assoc'qtﬁi;’v'th S.P.H d'ﬂgnos's' .Thi. bas?“r.'e 'nc'degcspﬁt? f%r men W'thO;'tgg"Bgond'tg)lns S 23.6%, bu.]f 0-4- Figure 3. BPH patients treated with TNFa + The top most significantly altered canonical pathways between CD45+ cells from large
men with Al conditions have a significantly increased BPH Incidence rate of 33.8% (Table 1). However, | _ antagonists have decreased epithelial Ki67 versus small BPH tissues include pathways related to Al conditions.
men with Al conditions were treated for that condition prior to BPH diagnosis, their incidence rate fell below + 03 4 Ay staining. Immunohistochemistry of Ki67 in the . Macrophaaes from BPH tissues expr TNE and hiah | s of both TNE r tor
the baseline level to 20.9% (Table 2). The clinical therapy that significantly attributed to this decrease was © -o "y epithelial cells of prostate transition zone tissues from . phag . g . P .eSS & gh 1EVELS 0T bO cCEpLors. .
TNFa antagonist treatment (Table 3). g o2l L1 "j:t patients treated with TNFa antagonists prior to * Primary BPH fibroblast growth Is stimulated by TNF and macrophage CM, but neutralizing
: : S = prostatectomy  versus untreated age-matched TNF reduces macrophage-stimulated growth in only a subset of fibroblast cultures.
Disclosures Fundlng > 0.1 * = controls. Data is represented as % Ki67+ epithelial : p g : J Y : : : :
_— e cells per field of view. Eight patients were included in * Functional characterization of the immune cell subpopulations in BPH is ongoing.
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