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Anti-neoplastic effects of and inhibition of mitochondrial functions by antibiotics (CPX=ciprofloxacin; GEN=gentamicin; TOB=tobramycin; AMK=amikacin; NEO=neomycin; KAN=kanamycin; SIS=sisomycin; LIV=lividomycin, PAR=paromomycin, HYGB=hygromycinB; ERY=erythromycin; RXM=roxithromycin; AZM= azithromycin; CLR= clarithromycin; DTM=dirithromycin; -JSM=josamycin; DOX = doxycycline; MIN = minocycline; CHL=chloramphenicol; AMP=ampicillin, TET=tetracyclin; TEL=telithromycin; CIP=ciprofloxacin;  LVX=levofloxacin; ENX=enoxacin;  FLE=fleroxacin; GAT=gatifloxacin;  GRX=grepafloxacin; LOM=lomefloxacin; MXF=moxifloxacin; NAL=nalidixin; NOR=norfloxacin; OFX=ofloxacin; SPX=sparfloxacin; TVA=trovafloxacin; PFX=pefloxacin; PTC=premature termination codon; CSC=cancer stem cell; MMP= metallo-matrix-proteinase)


	Agent
	Model
	Effective conc.
	Target, aim of the study
	Effect, comment
	ref

	sulphonamides

	Sulfamethoxazol in combination with trimethoprim
	3 human bladder cancer cell lines exposed to up to 1,000mg/L for 96h
	Range of significant cytotoxicity 31.2-62.5mg/L
	Evaluation of the cytotoxicity of commonly used urinary antibiotics at clinically relevant concentrations 
	Administration of antibiotics after resection of bladder tumors might prevent seeding of cancer cells thus decreasing the recurrence rate
	1

	ß-lactams

	Penicillin G
	HeLa, K562 leukemic cell line; exposure for 6h + 12h 
	7.5 + 10% statistically significant inhibition of cell growth
	Non antibacterial ß-lactam derivatives induced apoptosis in cancer cells. Doesn’t penicillin G really not do that?
	Growth of cancer- but not of normal cells were inhibited by relatively high penicillin G concentrations. 
	2

	PenicillinG, Piperacillin, Mezlocillin,
Cefalothin, Cefamandole, Cefotaxime,
	BALB/c-mouse-sarcoma L-1;
In vitro cell lines: human lung cancer E-14, human malignant melanoma MEW
	7- to 10 days treatment, 
human doses on a mg/kg/day basis
	Interest in „immunomodulatory“ functions of antibiotics in general, so that
immune functions,
tumor growth,
intestinal flora, 
were analyzed
	Tumor suppression only by mezlocillin and piperacillin. Complete eradication of aerobic and anaerobic flora – associated with inhibition of local tumor growth. Suppression of delayed type hypersensitivity + of spleen lymphocyte proliferation. No in vitro activity
	3-5

	Cefazolin
	3 human bladder cancer cell lines exposed to up to 5,000mg/L for 96h
	Range of significant cytotoxicity 19.5-156.3mg/L
	Evaluation of the cytotoxicity of commonly used urinary antibiotics at clinically relevant concentrations
	Administration of antibiotics after resection of bladder tumors might prevent seeding of cancer cells thus decreasing the recurrence rate
	1

	Cefonicid, 
Cefazolin, Cephalothin, Ampicillin, Piperacillin
	Mitochondrial carnitine/acylcarnitine transporter
	IC50 in g/L 
Cefonicid = 3.72
Ampicillin = 2.65
All others >4.00
	carnitine/acylcarnitine transporter playing a pivotal role in tumors
	The reversible IC50 are higher than  relevant plasma concentrations 
	6, 7

	Cephalexin
	Patients, bladder cancer vs. CPX
	3 days treatment
	Prevention of recurrence of cancer 
	Study completed 2007; no results published
	8

	Ceftriaxone
	A549, H520 and H1650 lung cancer cells.
Tumor cells implanted into the flank of nude mice. 
	Ceftriaxone (500 M) inhibited anchorage-independent in vitro- and in vivo growth of A549, H520 and H1650 lung cancer cells.
Ceftriaxone directly bound with Aurora B and suppressed its activity in vitro and in vivo.
	Other cephalosporins inhibited tumor growth but ceftriaxone had not yet been studied.
	Ceftriaxone directly bound  to Aurora B -  a chromosomal passenger protein critical for accurate chromosomal segregation, cytokinesis and regulation of the mitotic checkpoint
	9

	Ceftiofur
	Pre-treatment of RAW 264.7  mouse macrophage cells
with 1, 5, 10mg/L 1h prior to LPS stimulus
	Significantly inhibition of phosphorylation of extracellular signal-regulated kinases, p38 and c-jun NH2-terminal kinases (JNKs) in RAW264.7 . Downregulation of cytokine production. 
	Analysis of the immunomodulatory potential of ceftiofur
	Ceftiofur exerted immunomodulatory activities and interfered with signal transduction. Tumor necrosis factor , intereukins 1ß and 6, but not Il-10 and extracellular signal-regulated kinases p38, c-jun NH2-terminal kinase phosphorylation, and p65-NF-B translocation were downregulated
	10

	Aminoglycosides

	Gentamicin
	5 lymphoma cells
	90mg/L
	Examination if eukaryotic translation may be affected or not.
	Inhibition of cell growth, arrest of the cells in the G1 phase of the cell cycle,
	11

	Gentamicin
	HeLa cells, mitochondrial delivery
	at an extracellular conc. of 4.77g/L the mitochondrial occupation rate  was about 2.5%
	Use of a liposomal nanocarrier for mitochondrial delivery resulting in high intracellular concentrations.
	Mitochondrial disorder, strong cytotoxic effect
	12

	Gentamicin
	Skin fibroblasts
	200-500mg/L
	Read-through of PTC; Stüve-Wiedemann Syndrome
	Partial restauration of protein synthesis
	13

	Gentamicin
	12 different human cancer cell lines.
Quantification of 50% growth  inhibition (GI50) or  50% lethal concentration (LC50)
	GI50 = 2.7mg/L against pancreatic cell line and 
GI50=<1mg/L against human bladder carcinoma cell line.
The remaining cell lines were inhibited by concentrations >20mg/L
	Repositioning of old drugs 
	
	14

	Gentamicin, Paromomycin, Geneticin
	xenograft experiments, 1 human embryonic kidney- and 3 human colon carcinoma cell lines, and the       Apc Min/+ mouse model
	Statistically significant induction of read-through (in mg/mL)
GEN 0.75 + 1.0 
PAR 0.5, 0.75, 1.0
geneticin 0.5, 0.75, 1.0
	30% of patients with sporadic and hereditary colorectal cancer carry PTC mutations in the gene encoding the multifunctional  tumour suppressor protein adenomatous polyposis coli 
	These agents induced read-through of PTCs at low concentrations and ameliorated the tumorigenic clinical symptoms caused by PTC mutations in the APC gene
	15

	Gentamicin ,
Amikacin,
Paromomycin
	Increased read-through of the MoMLVgag–pol junction beyond the normal levels of recoding induced by the pseudoknot, and virus production
	Statistically significant induction of read-through (in mg/mL)
GEN 25, 50
AMK 1.5, 3.0
PAR 0.5, 1.0
	Effects of read-through on eukaryotic recoding in the context of retroviral read-through sequences in a murine leukemia virus model
	Drug-induced increases in read-through resulted in a reduced production of infectious leukemia virus particles. 
	16

	Gentamicin
Geneticin
amikacin
	Mutationally inactivated tumor suppressor gene TP53 in a human cancer cell line
	Gentamicin 800mg/mL
Geneticin 50, 100, 200 mg/mL
Amikacin 2 mg/mL
	Read-through of the p53 tumor suppressor gene which is mutated in >50% of all humans for which 8% of the mutations are non-sense mutations
	Induction of read-through and expression of full length p53. 
Decreased viability of cancer cells even in the absence, but in particular the presnece of nonsense-mutated p53 gene
	17, 18

	Gentamicin
	Read-through for 66 sequences containing a stop codon including APC- and p53 genes in cultured mammalian cells.
	800mg/L
	The readthrough level depends on the nature of the stop codon and the surrounding nucleotide context, but little was known about the mechanisms of readthrough and responses to aminoglycosides. In this study, a large set of nonsense mutations for an in-depth statistical analysis designed to decipher the element of the nucleotide context responsible for modulating readthrough levels was used.
	Efficiency of read-through after treatment is determined by the complex interplay between the stop codon and a larger sequence context. The nucleotide immediately upstream from the stop codon was a major determinant of gentamicin response
	19

	GEN, TOB, AMK, NEO, KAN, SIS, LIV, PAR,
HYGB, geneticin
	Reviews.
Various in vivo models, and in particular
patients
	Patients with cystic fibrosis, Duchenne/Becker muscular dystrophy, ataxia telanlectasis, and patients with hemophilia A and –B benefitted from treatment with standard doses.
	reviews
	Demonstration of in vivo and  in particular clinical relevance of aminoglycoside-induced read-through of PTCs
	20-22

	macrolides

	Josamycin, Spiromycin
	xenograft experiments, 1 human embryonic kidney- and 3 human colon carcinoma cell lines, and the       Apc Min/+ mouse model
	Statistically significant induction of read-through    (in mg/mL)
Josamycin 0.1, 1.0, 10
Spiromycin 0.3, 3.0
	30% of patients with sporadic and hereditary colorectal cancer carry PTC mutations in the gene encoding the multifunctional  tumour suppressor protein adenomatous polyposis coli
	These compounds ameliorated the tumorigenic clinical symptoms caused by PTC mutations in the APC gene
	15

	Erythromycin
Azithromycin
	Incubation of MCF-7 breast cancer stemm cells (CSC) in normoxic (20% O2) and hypoxic (4% O2) conditions for 14  days
	Erythromycin inhibited CSC 62.5 % in normoxia vs. 58.9% in hypoxia;
azithromycin was not inhibitory
	Impact of tumor microenvironment, i.e. hypoxia, playing a significant role in maintaining cancer stem cell population on drug efficacy
	The anti-tumor effect of erythromycin is not significantly affected by microenvironemental factors. Only 14-membered macrolides may likely exhibit anti-neoplastic acivities.
	23

	Erythromycin
Roxithromycin
	mouse B16F10 melanoma cell line inoculated s.c. into the flank of mice
	Significant growth inhibition at ERY doses of 10 mg/kg or 50 mg/kg and RXM doses of
10 mg/kg but not  50 mg/kg 
	Confirmatory study monitoring cancer growth.
	Approximately 50% tumor growth inhibition by ERY and RXM. Others quoted by the authors confirmed these data and showed that RXM reduced lung metastasis. ERY and RXM synergize with anti-cancer agents
	24

	Erythromycin
	Tumor bearing mice in both allogenic and syngenic mice dosed with 1-10 mg/kg/day
	Maximum effect achieved at 5mg/kd/day
	Confirmatory study monitoring tumor growth and cellular immunity
	Erythromycin exhibited an indirect antineoplastic activity by enhancing the production of IL-4 which augmented the tumoricidal activity of macrophages
	25

	Erythromycin
Clarithromycin
	acute leukemia cells, both myeloid and lymphoid.
	Erythromycin LD50=57.25mg/L,
clarithromycin LD50=41.89mg/L
	Inhibition of hERG1 potassium channels has antileukemic effects.
	Antileukemic activity depended on a modulation of both autophagy and intracellular signaling pathways; these effects were mediated by hERG1 channels. 
	26

	Josamycin
Spiromycin
	Xenograft experiments, 1 human embryonic kidney- and 3 human colon carcinoma cell lines, and the       Apc Min/+ mouse model
	Statistically significant induction of read-through (in mg/mL)
Josamycin  0.1, 1.0, 10.0 
Spiromycin 0.3, 3.0
	30% of patients with sporadic and hereditary colorectal cancer carry PTC mutations in the gene encoding the multifunctional  tumour suppressor protein adenomatous polyposis coli
	The two agents induced read-through of PTCs at low concentrations and ameliorated the tumorigenic clinical symptoms caused by PTC mutations in the APC gene
	15

	Roxithromycin
	Review
	Review
	Before the background that in the fungus Magnaporthe oryzae RXM interacts with the CDC27 homolog MoCDC27 five studies confirming this hypothesis are quoted 
	Roxithromycin inhibited proliferation in and promoted apatosis of human lymphocytes and exhibited an anti-tumor effect ( review of five studies)
	27

	Roxithromycin, Erythromycin, Flurithromycin, Dirithromycin, 
Clarithromycin,
Azithromycin
	Human aldosterone-producing adrenocortical cancer cell lines 
	Macrolides selectively inhibited KCNJ5MUT but not KCNJ5WT;            IC50 (mg/L):
RXM=0.184
ERY=7.728
FLM=no fit
DTM=13.194
CLR=0.531
AZM=4.262
	Mutations in the potassium channel KCNJ5 ( KCNJ5MUT) account for 50% of aldosterone producing adenomas. Inhibition of KCNJ5MUT  induced induction of aldosterone synthesis 
	Macrolides had the potential for treatment of aldosterone-producing adenomas harbouring KCNJ5MUT.
IC50 values are higher than the mean maximal plasma concentrations following p.o. dosing apart from RXM and ERY.
	28

	Roxithromycin
Clarithromycin,
Josamycin, Azithromycin
	Mouse (C57BL mice) dorsal air sac model of angiogenesis.
Implantation of chambers containing B16BL6 melanoma cells
	Intraperitoneal injection of 50mg/kg/day reduced tumors following RXM treatment by 41%, and CLM by 56%;
azithromycin and josamycin had no effect
	Reduction of tumor size and suppression of pulmonary metastasis may be dependent from the 14-, 15, and 16-membered macrolide structure. 

	Only the 14-membered macrolides RXM + CLR may have an antiangiogenic and antitumor effect; 15- and 16-membered AZM and JSM, respectively, were ineffective.
See above, reference 23.
	29

	Clarithromycin
	Review of preclinical and in particular clinical data
	review
	Clinical efficacy in patients with multiple myeloma,  Waldenström’s macroglobulinemia,  some H. pylori-associated cancers,  solid tumours like  non-small- and small cell lung cancer, breast cancer
	Clarithromycin was clinically effective in the treatment of cancer and lymphoma, even as a single treatment.
Clarithromycin was effective in combination with other treatments in early stage multiple myeloma, and Waldenström macroglobulinemia.
	30

	Clarithromycin
	Patients with extranodal lymphoma of mucosa-associated lymphoid tissue
	500mg b.i.d. for 6 months;
3 courses of 500mg b.i.d. , days 1-21 days, every 35 days;
4 courses of 1,000mg b.i.d., days 1-14, every 21 days
	Clinical study on the dose-effect relationship of clarithromycin monotherapy in cancer patients.
	Overall response rate = 52%;
Two year pregression free interval = 56%
	31-33

	Clarithromycin
	Patients with advanced multiple myeloma (n=56)
	500mg b.i.d. for 5 months single treatment
	Clinical study on long-term treatment with clarithromycin as monotherapy.
	Three patients (5.36%) had an objective or minor response.
	34, 35

	Clarithromycin
Azithromycin
	Comparison of the effect on autophagy inhibition.
Enhancement of gefitinib-induced cytotoxic effect on pancreatic cancer cell lines BxPC-3 and PANC-1
	5-100M clarithromycin or azithromycin +/- 25M gefitinib 
	Use of macrolides as ‘chemosensitizers’ for  epidermal growth factor receptor tyrosine kinase inhibitor therapy in pancreatic cancer patients to enhance non-apoptotic tumor cell death induction.
	Enhanced gefitinib-induced cytotoxicity in pancreatic cancer cell lines. The efficiency of macrolides in blocking autophagy flux correlated well with their enhancement of gefitinib-induced cytotoxicity.
Azithromycin was more active than clarithromycin
	36

	Clarithromycin
Azithromycin
	Multiple myeloma cell lines IM-9, U266 and RPMI8226
	IC50 of bortezumib alone ranged from 7.2 nM to 12.2 nM. IC50 decreased >4-fold in combination with 25 or 50 mg/L of either macrolide
	Possibility of using a macrolide in combination with a proteasome inhibitor for therapy of multiple myeloma.

	Azithromycin, clarithromycin and erythromycin blocked autophagy flux. Combined treatment of bortezumib and azithromycin or clarithromycin enhanced cytotoxicity in multiple myeloma cell lines, although exposure to either agent alone exhibited almost no cytotoxicity

	37

	Clarithromycin
Azithromycin
	Squamous cell carcinoma cellline CAL27,
human pharyngeal carcinoma cell line Detroit 562
	50M of each macrolide
	Clarithromycin and azithromycin may be used as  inhibitors of autophagy flux. However, mechanisms of macrolide-induced autophagy inhibition are unknown
	Clarithromycin and azithromycin exerted cytotoxic effects on head and neck squamous cell carcinoma cell lines only under aminoacid-depleted culture conditions. 
Macrolides blocked autophagy flux and induced cell death via induction of transcription factor CHOP only in amino acid depleted media, so that macrolides may be useful for “tumor- starvation” .
	38

	Azithromycin
	Colon cancer cell lines  HCT‑116, SW480, SW620 and DiFi 
	25-225M azithromycin,
15.625, 100, 50 nmol/L   Tumor necrosis factor‑related apoptosis‑inducing ligand
	Synergism of azithromycin with tumor necrosis factor‑related apoptosis‑inducing ligand, which selectively targets tumor cells without damaging healthy cells.
	Azithromycin increased the expression of death receptors and blocked autophagy flux in colon cancer cells. Azithromycin treatment enhanced tumor necrosis factor‑related apoptosis‑inducing ligand-induced apoptosis via the up-regulation of DR4 and DR5 in colon cancer cells.
	39

	Azithromycin
	HeLa, SGC-7901 and BHK-21 cells
	IC50 of azithromycin alone were15.66, 26.05 and 91.00mg/L at 72h post incubation. In combination with vincristine the IC50 of azithromycin were reduced to 9.47μg/mL, 8.43 μg/mLand 40.15μg/mL
	Anti-proliferative and anticancer activity of azithromycin +/- vincristine 
	Azithromycin inhibited proliferation and induced apoptosis in cervical- and gastric cancer cells. Azithromycin in combination with vincristine exhibited a selective synergistic effect on cancer cell apoptosis, partly through caspase activation, i.e. intrinsic mitochondrial apoptotic pathway.
	40

	Azithromycin
	6 lung tumor associated endothelial cells (HTL-EC) 

	1, 5, 10 M azithromycin +/- endothelial growth factor receptor 2 
	Vascular endothelial growth factor receptor 2 mediated focal adhesion and phosphoinositide-3-kinase/protein kinase B  signaling pathways in human lung tumor associated-endothelial cells

	Azithromycin inhibited  HLT‑EC adhesion and vascular endothelial growth factor‑induced proliferation of HLT‑ECs in a dose‑dependent manner. In addition, azithromycin induced apoptosis of HLT‑ECs even in the presence of vascular endothelial growth factor.
Azithromycin inhibited proliferation and induced apoptosis in multiple lung cancer cell lines.
	41

	Azithromycin 
	12 different human cancer cell lines.
Quantification of 50% growth  inhibition (GI50) or  50% lethal concentration (LC50)
	GI50=2.9mg/L against bladder cancer.
The remaining 11 cell lines were inhibited by concentrations >4mg/L
	Repositioning of old drugs
	Azithromycin was an effective growth inhibitor, but was not lethal. These studies (14, 23, 28, 36-41) with AZM in various different models demonstrated in contrast to data generated in ref’s 23 + 29, that AZM affected cancer cell growth. 
	14

	Phenicols

	Chloramphenicol
	Incubation of MCF-7 breast cancer stemm cells in normoxic (20% O2) and hypoxic (4% O2) conditions for 14  days
	
	Impact of tumor microenvironment, i.e. hypoxia, playing a significant role in maintaining cancer stem cell population on drug efficacy
	Chloramphenicol inhibited  cancer stemm cells to 71.5% under normoxic- vs. 73.7% under hypoxic conditions
	23

	Chloramphenicol
	RPMI8266 and U266 cells, as well as unstimulated freshly isolated peripheral blood mononuclear cells
	IC50 = 142.45 and 315.22mg/L for RPMI8266 and U266, respectively. Reduction of ATP levels at ≥ 25mg/L, inhibition of cell growth at ≥ 25-50mg/L, induction of myeloma cell apoptosis at ≥ 50mg/L. 

	Verification/falsification of the theory that suppression of mitochondrial ATP synthesis may reduce tumor growth
	Chloramphenicol increased levels of cytochrome c, cleaved caspase-9 and cleaved caspase-3, so that myeloma cell apoptosis occurs via the mitochondria-mediated apoptosis pathway. However, IC50 values exceed achievable serum concentrations amounting to 5-9mg/L 1-2 h following i.v. injection of 500mg and to 10-30mg/L following p.o. administration of 1g 
	42

	Chloramphenicol
	K562 erythroleukemia cells.
Exposition to 10mg/L CHL for 4 days
	Significant decreases in 
-cell surface transferrin receptor expression 
-de novo ferritin synthesis
-cytochrome c -oxidase activity, 
-ATP levels, 
-respiratory activity,         -cell growth
	Effect of chloramphenicol on 
1. mitochondrial function.
2. two key proteins in iron metabolism: the transferrin receptor, which mediates iron uptake, and ferritin, the iron storage protein.
Thus, these studies may contribute to explain the mechanisms by which CHL impairs erythropoiesis and heme synthesis and affects mitochondrial functions.
	Chloramphenicol interfered with  mitochondrial functions resulting in significantly reduced growth of the erythroleukemia cell line and decreased expression of iron transport proteins. Iron is an essential fro the activity of ribonucleotide reductase and thus DNA synthesis. Iron depletion affects the electrontransport chain resulting in reduced ATP synthesis.

	43

	Chloramphenicol
	H1299cells + 10-100mg/L chloramphenicol in conditioned medium
	CHL activated  phosphatidylinositol 3-kinase /Akt/c-Jun N-terminal kinases signaling and increased nuclear c-Jun activity, which contribute to MMP-13 expression and H1299 cell invasion.
Cellular levels of thep21waf1/cip1protein and p21waf1/cip1mRNA were in-creased through a p53-independent pathway, possiblybecause of the stabilization of p21waf1/cip1mRNA inchloramphenicol-treated cells.
	Verification/falsification of the hypothesis that CHL induces senescence-like responses, especially the mitochondria-to-nucleus stress signals and MMP-expression in CHL-exposed H1299 cells.
Other mitochondrial translation inhibitors (tetracyclines, clindamycin) served as comparators.
	Chloramphenicol might trigger a novel mitochondrial stress signal that results in an increase of cancer cell invasion and an  acceleration of cancer progression.
Tetracyclines and clindamycin caused analogues effects.
Chloramphenicol rendered the cells resistant to mitomycin-induced apoptosis.
	44, 45

	Chloramphenicol
	3 human Burkitt’s lymphoma cell lines, 1 ovarian serous adenocarcinoma, 1embryonic kidney cell line 
	Cytotoxicity in all 5 cell lines EC50 0.6 to 1.4 mM
	Inhibition of mitochondrial functions by protein synthesis inhibiting antibiotics may in theory augment the activities of recombinant immunotoxins developed for cancer treatment. 
	EC50 values were well above achievable plasma concentrations of approximately 15-46M .  But nevertheless, chloramphenicol showed synergism with  recombinant immunotoxins
	46


	Oxazolidinones

	Linezolid
	3 human Burkitt’s lymphoma cell lines, 1 ovarian serous adenocarcinoma, 1embryonic kidney cell line
	Cytotoxicity in embryonic kidney cell line only,  EC50 0.5mM
	Inhibition of mitochondrial functions by protein synthesis inhibiting antibiotics may in theory augment the activities of recombinant immunotoxins developed for cancer treatment.
	EC50 values were well above achievable plasma concentrations of approximately 1-12M .  No synergism with  recombinant immunotoxins could be demonstated.
	46

	Linezolid
	Cancer stem cells,
chemoresistant cells derived from triple negative breast cancer cells. 
Xenograft model in NMRI mice inoculated with three  tumor cell lines.  One concentration of 100mg/L was used in vitro, anumals were treated with 100mg/kg/day
	Linezolid decreased mitochondrial functions,
suppressed cancer cell growth, increased apoptosis.
	Verification/falsification of the theory that antibiotics inhibiting translation of mitoribosomes and inducing mitochondrial dysfunction exert anti-cancer activities. 
	Linezolid (and hygromycin) induced mitochondrial dysfunction. 
Linezolid in combination with an autophagy blocker augmented tumor cell death.
	47, 48

	Tedizolid
	In vitro myeloid cell line and mouse model of leukemia
	Tedizolid overcame venetoclax resistance (an inhibitor of B cell leukemia 2).  Combination of both drugs augmented integrated stress response, which, in turn, suppressed glycolytic capacity, resulting in adenosine triphosphate depletion and subsequent cell death.
	Ribosome-targeting antibiotics can help overcome venetoclax resistance by suppressing mitochondrial respiration and activating the cellular stress response.
	Inhibition of mitochondrial translation is an effective approach to overcoming venetoclax resistance. Combination treatment with tedizolid and venetoclax was superior to either agent alone in reducing leukemic burden.

	49

	tetracyclines

	Tetracyclines
	reviews
	Reviews

	Therapeutic potential of mitochondrial translation inhibition for treatment of various cancers
	Tetracycline monotherapy is active against various types of cancer
	50-56

	Doxycycline
	Breast- and prostate cancer cell lines
	Inhibition of cell proliferation in the nM to M range
	Mitochondrial targeting is associated with an anti-cancer effect
	Doxycycline exerted effects in cancer cells only . 
Doxycycline synergized with doxorubicin
	57-61

	Doxycycline
	Breast cancer patients
	200mg/day for 14 days before surgery
	Assessment of the clinical relevance of suppression
of key mitochondria-related proteins and inhibition of mitochondrial functions 
	Post treatment samples demonstrated a statistically significant decrease in in the stemness marker CD44 as compared to pre-doxycyline samples.
	62

	Tetracycline 
	3 human Burkitt’s lymphoma cell lines, 1 ovarian serous adenocarcinoma, 1embryonic kidney cell line
	Cytotoxicity in  ovarian serous adenocarcinoma and embryonic kidney cell line only,  EC50 0.6->1.0mM
	Inhibition of mitochondrial functions by protein synthesis inhibiting antibiotics may in theory augment the activities of recombinant immunotoxins developed for cancer treatment.
	EC50 values were well above achievable plasma concentrations of approximately 2-23M . No synergism with  recombinant immunotoxins could be demonstrated.
	46

	Tetracycline, Doxycycline
	Incubation of MCF-7 breast cancer stemm cells in normoxic (20% O2) and hypoxic (4% O2) conditions for 14  days
	
	Impact of tumor microenvironment, i.e. hypoxia, in maintaining cancer stem cell population, and on drug efficacy.
	Tetracycline  inhibited CSC 56.0% in  normoxia vs. 65.0% in hypoxia.
Doxycycline inhibited CSC  75.2% in normoxia vs. 68.5% in hypoxia. 
Doxycycline overcomes hypoxia induced resistance to anti-angiogenic agents.
	23, 62, 63

	Doxycycline
	BALB/c-mouse-sarcoma L-1;

	7- to 10 days treatment, 
human doses on a mg/kg/day basis
	Role of immune functions in cancer therapy.
	Tumor suppression. Suppression of delayed type hypersensitivity + of spleen lymphocyte proliferation. 
	2, 3

	Doxycycline,
Minocycline
	H1299cells + 10mg/L DOX- or MIN in conditioned medium
	Doxycycline and minocycline inhibited mitochondrial translation, reduced ATP concentrations by >50%, induced MMP-13 expression 1.5- to 2-fold 
	Verification/falsification of the hypothesis that tetracyclines induce senescence-like responses, especially the mitochondria-to-nucleus stress signals and MMP-expression in chloramphenicol-treated H1299 cells.
Other mitochondrial translation inhibitors served as comparators.
	Tetracyclines might trigger a novel mitochondrial stress signal that results in an increase of cancer cell invasion and an  acceleration of cancer progression.
Chloramphenicol and clindamycin caused analogous effects.
	44

	Doxycycline,
Minocycline
	Human acute myeloid leukemia HL-60 cell line. 
0.5 to 100mg/L doxy- or minocycline
	Loss of viability, IC50 
of doxycycline = 9.2mg/L 
of minocycline = 9.9mg/L
Induction DNA double strand breaks. 
Loss of mitochondrial membrane potential.  Caspase activation.
	Verification/falsification of the anti-neoplastic activities of teracyclines
	Doycycline and minocycline exerted anti-proliferative and pro-apoptotic effects at clinically achievable concentrations.   

	64

	Doxycycline
	Breast cancer stem cells. Analysis of DNA-PK, an enzyme involved in DNA repair and also in radio-resistance
	Doxycycline reduced DNA-PK expression significantly and radiosensitized cancer stem cells
	Verification/falsification if DNA damage response may represent another target for doxycycline in cancer stem cells
	Doxycycline is a potent DNA-PK inhibitor as well as radiosensitizer
	65, 66

	Doxycycline
	HeLa- and small cell lung cancer cells
	0.5mg/L doxycycline exhibited anti-apoptotic effects by inhibiting caspase-3 and -8 activation in HeLa cells, but 5.0, 10, 20 mg/L doxycycline induced apoptosis and expression of caspases in lung cancer cells
	Carcinogenesis is associated with the deregulated activity of cysteine-aspartic proteases known as caspases, indicating the involvement of an intrinsic mitochondrial apoptotic pathway. Doxycycline may interfere with caspase activity.
	Proliferation of both cell lines was inhibited by doxycycline, however the effects on caspases were contradictory
	67, 68

	Doxycycline 
	12 different human cancer cell lines.
Quantification of 50% growth  inhibition (GI50) or  50% lethal concentration (LC50)
	GI50=6.2 to 9.0mg/L against ovarian cancer
GI50=2.4mg/L against bladder cancer
GI50=7.2 mg/L against cervical cancer,
GI50=3.4mg/L against pancreatic cancer
GI50=5.2mg/L against breast cancer
GI50=4.6mg/L against lung cancer

	Repositioning of old drugs
	
	14

	Tigecycline
	Reviews 
Various cell lines:
acute myeloid leukemic-, non-small cell lung cancer-, gastric cancer- hepatocellular carcinoma-, breast cancer-, melanoma-, cervical squamous cell carcinoma-, and glioblastoma cell lines
Completed clinical studies in “cancer”, haematological disorders, acute lymphoblastic leukemia.
	Various.
Response rates in treatment of „cancer“=48-64%,
hematological malignancies=43%,
acute lymphoblastic leukemia=not available.
Marked anti-proliferative effects in vitro.
	Anti-tumor activity of tigecycline was observed in the course of clinical studies on the antibacterial activies in e.g. skin- and soft tissue infections. Thus, the question has been addressed if tigecycline may target multiple cancer types.


	Tigecycline exerted its therapeutic effects via inhibition of mitochondrial functionality, interference with various signal transduction pathways, and synergized with anti-neoplastic agents.
However, myelotoxicity was recorded in bone marrow transplant patients (2 out of 2) and others terminated tigecycline administration prematurely because of intolerable side effects. 
The FDA issued a warning concerning an increase in all cause mortality in tigecycline treated patients versus comparator in randomized controlled trials.
	69-71

	Fluoroquinolones

	CIP, LVX, ENX, FLE, GAT, GRX, LOM, MXF, NAL, NOR, OFX, SPX, TVA, PFX
	Reviews; various cancer cell lines
	Apoptosis; S/G2 phase arrest; inhibition of proliferation; synergism with anti-neoplastic agents at clinically achievable concentrations
	Repositioning of fluoroquinolones
	The comprehensive reviews provide evidence that currently commercially available fluoroquinoloes used to treat bacterial infections can be repositioned as anti-cancer agents due to their pro-apoptotic-, anti-proliferative-, and anti-metastatic potential. 
	72-75

	Ciprofloxacin
	Bladder- and colon carcinoma cell lines 
	Anti-proliferative effects  at clinically achievable concentrations
	Interaction with topoisomerases may cause an anti-proliferative effect in cancer cells
	High urine- and fecal concentrations of ciprofloxacin may translate into clinical efficacy in treatment of bladder- and colon carcinomas
	76, 77

	Ciprofloxacin
	Hematopoetic-, melanoma-, Glioblastoma-, osteosarcoma-, ovarian-, lung cancer cells 
	Anti-proliferative effects  at supra inhibitory concentrations. Synergism with tumor necrosis factor and interferon
	Interaction with topoisomerases may cause an anti-proliferative effect in cancer cells
	Anti-proliferative in vitro effects were caused by unphsiologically high concentrations. However, immunomodulatory effects of fluoroquinolones were triggered by high concentrations as well, so that this phenomenon may be due to in vitro methodological effects. 
However, meta-analyzes showed that in cancer patients prophylaxed for infections with fluoroquinolones versus patients receiving placebo or no treatment the all-cause mortality was reduced, thus indicating that the doses used for treatment of infectious diseases exert anti-neoplastic activies as well (86-88).
	78-85


















86-88

	Moxifloxacin
Gatifloxacin 
Ciprofloxacin

	pancreatic cancer cell-lines.
	Inhibitory effects of CPX at 200 + 400mg/L, MXF at 400mg/L, GAT at 400mg/L
Blockade in S-phase of cell cycle. Trigger of the intrinsic mitochondrial apoptotic pathway. Synergism with 
cisplatin. GAT induced S- + G2 cell cycle arrest and synergized with cisplatin + gemcitabine
	Ciprofloxacin is known to inhibit proliferation of cancer stem cells. Thus, 8-methoxyquinolones were studied.
	Anti-proliferative in vitro effects were caused by unphsiologically high concentrations. However, immunomodulatory effects of fluoroquinolones were triggered by high concentrations as well, so that this phenomenon may be due to in vitro methodological effects. 
	89, 90

	Levofloxacin
	Lung cancer cell lines,
xenograft lung tumor model
	Inhibition of proliferation and induction of apoptosis.
Inhibition of mitochondrial electron transport chain complex I and III, leading to inhibition of mitochondrial respiration and reduction of ATP production. In addition, levofloxacin significantly increases levels of ROS, mitochondrial superoxide and hydrogen peroxide in vitro and oxidative stress markers (HEL and 4-HNE) in vivo
	Confirmatory study that levofloxacin, too, exerts an anti-cancer effect.
	Levofloxacin targets mitochondrial functions.
	91

	CIP, OFX, LVX, NOR, FLE, GAT, ENX, PFX, SPX, LOM,
Pipemidic acid,
Oxolinic acid,
Difloxacin,
Balofloacin,
Pazufloxacin,, Nadifloxacin,
	Human embryo kidney cells (HEK-293).
Quinolone concentrations 5 to 150M.
	ENX, NOR, FLE, OFX, balofloxacin, prulifoxacin, and pazufloxacin enhanced statistically significantly RNAi activities. The EC50 of ENX = 30M as compared to an IC50 for topoisomerase II inhibition = 1,485M.
Only ENX, NOR, PFX affected micro-RNA activity, thus enhancing DNA repair in mammals.
	Quinolones may affect gene functions in mammals (detected by analysis of the RNA interference pathway, RNAi) and may trigger the eukaryotic DNA-damage repair system via micro-RNAs which play a role in e.g. carcinogenesis. Thus, the question was addressed if quinolones may affect genes functions in mammalian cells.
	Fluoroquinolones can be used as enhancers of RNAi efficiency and enhancers of DNA repair by augmenting the synthesis of RNA-interference pathway related endoribonucleases DICER.
Concentrations needed are 15-fold lower than those needed to inhibit human topoisomerase II.
	92-94

	Enoxacin
Norfloxacin,
Pefloxacin,
Levofloxacin 
	primary marrow and Raw 264.7 cells. 
Quinolones concentrations 1 to 100M  
	ENX inhibits binding between the B-subunit of vacuolar H+-ATPase (V-ATPase) and microfilaments, and also between osteoclast formation and bone resorption in vitro.
PFX, NOR, and LVX  had similar inhibitory effects on osteoclasts compared with ENX. While ENX and NOR stiumulated micro-RNA activity PFX and LVX did not.
	Same as above
	The selective inhibition of osteoclasts by fluoroquinolones may be beneficial in the treatment of osteoporosis and other bone pathologies.
	95-98

	Enoxacin
	12 cancer cell lines from seven common malignancies, as well as orthotopic, and metastatic mouse models
	Enoxacin enhanced the production of micro-RNAs with tumor suppressor functions by enhancing the binding affinity of TAR RNA-binding protein 2 to pre-micro-RNAs thereby increasing pre-micro-RNA processing by DICER rather than DROSHA.
	Fluoroquinolones may modulate synthesis of RNA-interference pathway related endoribonucleases DICER and DROSHA
	Enoxacin could be used for restoring the distorted microRNAome of cancer cells to a more physiological setting.
	99, 100

	Enoxacin. Ofloxacin
	five prostate cancer lines;  human melanoma cell line A375
	Enoxacin inhibited growth of five prostate cancer lines and restored global expression of micro-RNAs. Enoxacin inhibited growth and viability of the human melanoma cell line A375 much stronger than ofloxacin by modulating micro-RNAs which process alternative splicing machinery thus activating the tumor suppressor p53
	Same as above
	Enoxacin or possibly other fluoroquinolones, too, could potentially be repurposed as activators of p53 tumor suppressor in cancers overexpressing MdmX oncoprotein;  p53 activation might contribute to the activity of enoxacin towards human cancer cells.
	101, 102

	Miscellaneous

	rifampicin
	BALB/c-mouse-sarcoma L-1;

	7- to 10 days treatment, 
human doses on a mg/kg/day basis
	Analysis of the role of immune functions in cancer treatment. In theory, rifampicin may inhibit the mitochondrial DNA-dependnet RNA polymerase
	Tumor suppression. Suppression of delayed type hypersensitivity + of spleen lymphocyte proliferation.
	2-3

	Fusidic acid
	3 human Burkitt’s lymphoma cell lines, 1 ovarian serous adenocarcinoma, 1embryonic kidney cell line
	Cytotoxicity in 3 cell lines only (embryonic kidney cell line,  ovarian serous adenocarcinoma, 1  Burkitt’s lymphoma cell line)
EC50 0.145 to 0.181 mM
	Inhibition of mitochondrial functions by protein synthesis inhibiting antibiotics may in theory augment the activities of recombinant immunotoxins developed for cancer treatment.
	EC50 values were within the range of achievable plasma concentrations of approximately 0.058-0.387mM . Fusidic acid showed synergism with  recombinant immunotoxins
	46

	Clindamycin
	H1299cells + 100mg/L clindamycin in conditioned medium
	Clindamycin inhibited mitochondrial translation, reduced ATP concentrations by >30%, induced MMP-13 expression almost 2-fold
	Verification/falsification of the hypothesis that clindamycin induces senescence-like responses, especially the mitochondria-to-nucleus stress signals and MMP-expression in chloramphenicol-treated H1299 cells. Other mitochondrial translation inhibitors served as comparators.
	Clindamycin might trigger a novel mitochondrial stress signal that results in an increase of cancer cell invasion and an  acceleration of cancer progression.
Chloramphenicol and tetracyclines caused analogous effects.
	44, 45

	Metronidazole 
	MCF-7 (estrogen receptor positive) and MDA-MB-231 (estrogen receptor negative) breast cancer cell lines
	Metronidazole (250mg/L) increased  growth of MCF-7 cell lines after 24h  of incubation, but it reduces cell viability in concentrations 1 and 10 mg/L after 72h incubation. Significant increase of MDA-MB-231 cell viability was recorded after incubation with 250mg/L for 24h and 72h
	Evaluation of metronidazole’s cytotoxicity and its effect on DNA synthesis in breast cancer cell lines
	Metronidazole exerted different dose- and time- dependent effects on human breast cancer cell lines characterized by presence or absence of estrogen receptors. These discrepancies may probably be affected by estrogen signalling.

	103

	Nitrofurantoin
	3 human bladder cancer cell lines exposed to up to 2,000mg/L for 96h
	Significant cytotoxicity in the three cell lines at 7.8mg/L
	Evaluation of the cytotoxicity of commonly used urinary antibiotics at clinically relevant concentrations
	Administration of antibiotics after resection of bladder tumors might prevent seeding of cancer cells thus decreasing the recurrence rate
	1

	Nitroxoline
	Human umbilical vein endothelial cells (HUVEC), The human bladder cancer cell line, KU7.
Breast cancer HCC1954 cells  were implanted inot BALB/c, nu/nu-NCr mice
	Nitroxoline IC50-values: MetAP2 activity in = 54.8 nM,
SIRT1= 20.2 μM,
HUVEC proliferation =      1.9 μM.
Mice (five per group) treated with nitroxoline showed a 60% reduction in tumor volume in breast cancerxenografts
	Angiogenesis has an important role in tumor growth and metastasis. The type 2 methionine aminopeptidase (MetAP2) protein is a potential anti-angiogenic target. If had been shown that clioquinol is a proteasome inhibitor. Nitroxoline is a clioquinol analog. Furthermore, the silent information regulator 2 family of nicotinamide adenine dinucleotide–dependent deacetylases (sirtuins [SIRTs]) play important roles in gene silencing and DNA repair.  Nitroxoline shows  structural similarities to sirtuins , so that SIRT may thus be another potential target. 
	Nitroxoline is a novel inhibitor of angiogenesis and has a dual mechanism of action inhibiting both MetAP2 and SIRT1. The concurrent inhibition of MetAP2 and SIRT1 is synergistic. 
	104

	Nitroxoline
	11 human cancer cell lines.
mouse models of orthotopic bladder cancer. Oral treatment with 30mg/kg b.i.d. to 240 mg/kg b.i.d. for 21 days 
	Minimal and maximal IC50-values ranged from 
1.68 to 20.82 M against 2 different bladder transitional carcinoma cell lines.
Dose dependent inhibition of tumor growth in the mouse model ranging from 46.4% to 73.6%
	The experiments were designed referring to the study mentioned above(90) 
	Nitroxoline exhibited concentration- or dose‑dependent anti‑cancer activities in vitro and in urological tumor orthotopic mouse models. 
	105

	Nitroxoline
	Viability and proliferation of human  cholangio-carcinoma cell lines, HuCCT1 and Huh28.
Quantification of FoxM1 signaling via expression levels of the target genes were determined
	IC50 against 
HuCCT1=3.69M and Huh28= 4.49M.
Decreased FoxM1 expression concomitant with downregulation of various FoxM1’s down-stream targets including cdc25b, CENP-B, and survivin. In addition, expression of matrix metalloproteinase (MMP)-2 and MMP-9 was inhibited

	Fork head box M1 (FoxM1) is an oncogenic transcription factor.  expression and transcriptional activity of FoxM1 could be inhibited by several proteasome inhibitors like clioquinol with which nitroxoline shows structural similarities. 
	Nitroxoline disrupted FoxM1 signaling and interfered with the zinc-coordinated active site of the enzymes, suggesting that nitroxoline inhibited directly MMP function.
	106

	Nitroxoline


	U87 and U251 glioma cell lines,
mouse glioma model,
small-cell lung cancer (SCLC) cells
	Nitroxoline inhibited the proliferation and invasion of glioblastoma cells in a time- and dose-dependent manner in vitro. Growth inhibition was associated with cell-cycle arrest in G1/G0phase and induction of apoptosis via caspase 3 and cleaved poly(-ADP-ribose) polymerase
	The experiments were designed referring to the study mentioned above(90)
	
	107

	Nitroxoline
	Small cell lung cancer cell line
	Induction of apoptosis by suppressing antiapoptotic proteins (such as Bcl-2 and MCL1) andupregulating proapoptotic protein Bim.
MDM2 expression was downregulated by inducing its proteasomal degradation, and thus  expression of p53, which was a substrate protein of MDM2,  was  upregulated
	The experiments were designed referring to the study mentioned above(90)
	Nitroxoline displayed anti-small cell lung cancer activity by suppressing MDM2 expression, which suggested that nitroxoline may have the potential for treatment of Small cell lung cancer by targeting the MDM2/p53 axis

	108

	Bedaquiline
	MCF7 breast cancer cells
	In MCF7 breast cancer cells mitochondrial oxygen‐consumption and glycolysis was inhibited and the propagation and expansion of MCF7‐derived CSCs was blocked with an IC50=1μM.
bedaquiline targeted preferentially cancer stem cells but not normal fibroblasts and marginally mature cancer cells.
	Bedaquiline is a diaryl‐quinoline compound, that inhibits bacterial ATP‐synthase. Therefore,  bedaquiline might also target the mitochondrial ATP‐synthase thus exerting anti-cancer activities. 
	Bedaquiline inhibited cancer stem cells leaving mature cancer- and normal cells intact. mechanism(s) of selectivity are unknown at present. Furthermore, the authors showed structural similarities between bedaquiline and trans-piceatannol as well as trans-resveratrol which are known natural flavonoid inhibitors of the mitochondrial ATP‐synthase and show anti‐aging properties and are also active as antibacterials.
	109

	Bedaquiline
	Various human lung cancer cell lines.
Xenograft lung cancer mouse model
	Inhibition of proliferation and induction of aptosis in lung cancer cell lines due to inhibition of mitochondrial respiration and glycolysis, resulting in ATP reduction and oxidative stress. These results were confirmed in vivo in the xenograft lung cancer mouse model
	The experiments were designed referring to the study mentioned above (95)
	Energy depletion resulted in inhibited lung tumor cell progression and in angiogenesis.
	110






Table S2
Interaction of antibiotics with metallo-matrixproteinases (MMPs; TNF = tumor-necrosis factor ; CXCL8 = C-X-C motif chemokine ligand 8 (interleukin 8); NF-kB = nuclear factor-kB; PMA, phorbol 12-myristate 13-acetate; PBMCs, peripheral blood mononuclear cells; NE = no measurable effect; IC50= concentration inhibiting enzyme activity to 50%; ERY=erythromycin; CLR=clarithromycin; AZM=azithromycin; TEL=telithromycin; SOL=solithromycin; OFX = ofloxacin; LVX = levofloxacin; CIP = ciprofloxacin; MXF = moxifloxacin; NOR =norfloxacin; DOX = doxycycline; MIN = minocycline; RIF = Rifampicin; INH = Isoniazid; PAS = para-Aminosalicyclic acid; n.d. = not done; NE = no effect



	Antibiotic
	Model, target
	MMPs and/or cytokines inhibited
	Effect, comment
	Ref

	ß-lactams

	Cephalothin 
	Patients with loose hip prosthesis requiring revision vs. non-inflammatory knee synovial tissue sampled by arthoskopy re. meniscus injury
	Significant decrease of MMP activity by 31.9% at 100mg/ml cephalothin, and 13.6% at 1,000mg/ml. Doxycycline, tetracycline, and gentamicin served as comparators. Only tetracycline inhibited MMP by 45.2% at 500mg/L, whereas doxycycline and gentamicin were ineffective. 
	cephalothin can inhibit MMP activity in reactive periprosthetic tissue and thus reduc  the tissue destruction. 
These findings were questioned (112) because of methodological reasons and as cephalothin is not a chelator. However, from the two chelating tetracyclines used as comparators, only one inhibited MMP-activity and ß-lactams are known to contain electron donor groups binding metal ions.
	111, 112

	Amoxicillin plus
Metronidazole
	Patients with generalized aggressive periodontitis were treated with 500mg orally t.i.d. each for 7days versus scaling and root planning alone. Sampling at baseline and 3 + 6 months later
	Total MMP-1 levels were significantly decreased in both groups (P < 0.05) at 3 and 6 months as compared to baseline. However, differences among groups at 3 or 6 months were not different.  Patients with deeper pockets benefitted from antibiotic treatment with a more stable healing compared to the shallow and moderately deep pockets.
TIMP-1 concentration levels increased in both groups at 3 and 6 months while the difference did not reach statistical significance. 
	There was a trend towards better improvement in the verum group as compared to the placebo group in the subset of patients with deep pockets.
	113

	Macrolides

	Erythromycin
Clarithromycin,
Azithromycin,
Telithromycin,
Solithromycin,
	Effects of macrolides on release of proinflammatory mediators, such as MMP9, TNF, CXCL8, in macrophage like PMA differentiated U937 cells and PMBCs exposed to 10, 33, 100M
		Inhibitory effects of macrolides

	
	IC50  (M)

	
	ERY
	CLR
	AZM
	TEL
	SOL

	CXCL8
	NE
	506
	NE
	NE
	78.2

	TNF
	NE
	422
	NE
	NE
	41.6

	MMP9
	NE
	118
	212
	83.4
	14.9



	Macrolides exerted differential effects on the producrion of pro-inflammatrory cytokines and the synthesis of MMP9. Solithromycin was the most effective macrolide under these experimental conditions. The effect of solithromycin on MMP9 production was confirmed in smoke exposed mice.
These effects including inhibition of  MMP9 may likely be due to the fact that macrolides inhibit transcription of NF-kB regulated expression of e.g. TNF, CXCL8 and MMP9. 
	114

	Roxithromycin,
Josamycin
	Expression of MMP9 in LPS stimulated neutrophils or nasal fibroblasts and of MMP2 and -9 in TNF- stimulated nasal polyp fibroblasts
	Roxithronycin inhibited MMP2 and -9 expression and suppressed NF-kB activation at >5mg/L via inhibition of      NF-κB and activator protein-1 activation.
Josamycin had no effect.
	Roxithromycin inhibited the activation of NF-kB and activator protein-1 induced by TNF- and resulted in suppression of MMP production.
	115, 116

	Clarithromycin
	murine cardiac allograft recipients
	Suppression of MMP-9 expression in the allografts was associated with
suppression of smooth muscle cell migration and proliferation.
	Clarithromycin may be useful in the prevention of acute and chronic rejection through the inhibition of
MMP-9 activity..
	117- 119

	Clarithromycin
	Patients with severe refractory neutrophilic asthma received either 500mg b.i.d. clarithromycin  or placebo for 8 weeks.
	8 week clarithromycin treatment reduced sputum CXCL8, neutrophils, neutrophil elastase, and MMP9 concentrations and also improved quality of life scores in patients with refractory neutrophilic asthma.
	Clarithromycin therapy modulated pro-inflammatory cytokine concentrations and neutrophil accumulation and activation in the airways of patients with refractory asthma.
	120

	Azithromycin
	Human bronchial epithelial cells exposed to 30 mg/L for 6, 24, or 48h.
Analysis of global gene expression using RNA microarrays
	Exposure to azithromycin for 6h prevented the upregulation of MMP1, -2, -9, -10, -13, -14, -28 genes, and CXCL1, -2, -3, -5, -6, -14, -16, CLCR7 which were triggered by inflammatory stimuli. Incubation for 24h resulted in a downregulation of MMP1, -9, -10, -13 genes.
	Alterations of inflammatory responses by clinically achievable azithromycin concentrations were highly variable and gene-specific, with an overall tendency toward global down-regulation. The striking down-regulation of the RNA of e.g. MMP9 gene is likely to be highly relevant to clinical outcomes.
	121

	Azithromycin
	Human bronchial epithelial- and MRC-5 cells exposed to 5, 10, 30mg/L for 72h. Measurements of MMP concentrations.
	Respiratory epithelial cell-derived MMP-3 was suppressed concentration dependently; maximal suppression (60%) was observed using 30mg/L azithromycin. In contrast, MMP-1 and -3 secretion from MRC-5 fibroblasts were increased.
	These data demonstrate that the effects of azithromycin are cell specific
	122

	Azithromycin
	primary bronchial epithelial cells,
airway smooth muscle cells, 
Exposition to 5, 10, 20mg/L for 48h.
Monocytic THP1 cells exposed to 1, 5, 10, 50, 100, 500M azithromycin or minocycline.
	Azithromycin inhibited MMP-2 and MMP-9 release from primary bronchial epithelial cells and airway smooth muscle cells. 
Concentrations of IL-8, GM-CSF were reduced as well. 
Azithromycin but not minocycline reduced MMP-9 mRNA and protein levels without affecting NF-κB in endotoxin-challenged THP-1cells. Azithromycin had no effect on MMP9 activity while high minocycline conentrations inhibited enzyme activity.
	Azithromycin decreased concentrations of MMP-9 by reduction of gene- and protein expression
	123- 125

	Azithromycin
	Topical ocular treatment with azithromycin (15 mg/g b.i.d.) or vehicle. After three days lipopolysaccharide was injected subconjunctivally
	Gene expression for Il-6 and TNF-α was almost unchanged and was increased for cyclooxygenase-2. Gene expression for  MMP-2 and -9 was reduced 2.3- and 1.6-fold.
	Azithromycin ameliorates inflammation in a rat model of acute conjunctivitis.
	126

	Azithromycin
	Matrix remodelling in stable patients and in lung transplant patients suffering from neutrophilic type of chronic lung allograft dysfunction/neutrophilic reversible allograft dysfunction  (nCLAD/NRAD). MMP2 and -9 were measured via ELISA before and after 3 to 6 months of azithromycin therapy (dose not specified).
	The nCLAD/NRAD patients showed higher airway neutrophilia and MMP-9 concentrations compared to the control group.
Although azithromycin significantly reduced MMP2 and -9 concentrations in transplant patients, the levels remained higher compared to control patients in whom MMP concentrations in BAL were below the limit of detectability.
	Treatment of lung transplant patients  with azithromycin did not completely restore chronic inflammation in the airways. The study also suggested that preventive therapy may yield added value to curative therapy.
	127

	Chloramphenicol

	Chloramphenicol
	H1299cells + 10-100mg/L chloramphenicol in conditioned medium
	Chloramphenicol induced 
MMP13 expression and increase MMP-13 protein in conditioned medium, 
resulting in an increase in cancer cell invasion.
Chloramphenicol also activated c-Jun N-terminal kinases 
and phosphatidylinositol 3-kinase/Akt signaling, leading to c-Jun protein phosphorylation. The activated c-Jun protein has been proven to activate binding to the MMP-13 promoter and also
upregulate the amount of MMP-13.
	Chloramphenicol can accelerate cancer progression
	44

	Oxazolidinones

	Linezolid
	Pneumonia model in BALB/c mice inoculated with methicillin-resistant S. aureus Comparison of the effects of linezolid (80mg/kg IV b.i.d.) and vancomycin (110 mg/kg IV b.i.d.) 
	MMP9 concentrations did not differ between the treatment groups. 
	Linezolid exerted no significant effect on MMP9 expression under these experimental conditions.
	128, 129

	Tetracyclines

	Tetracycline
	In vitro
	500mg of tetracycline per ml inhibited MMP activity (45.2%)
	
	111

	Doxycycline 
	Various in vitro studies
osteosarcoma-, prostate-, breast cancer-, melanoma cell lines
	IC50 of doxycycline for various MMPs:
      MMP1 = >200M
      MMP8 = 1-10M
      MMP9 = 1-48-(608*) M 
      MMP13 = 5-30M
Induction of apoptosis, decrease of invasion and metastatic potential
	Doxycycline may exert beneficial effects in various types of cancer. A potentiation of its activity was noted in combination with a peptidomimetic MMP inhibitors (batimast, marimast)
	130-140
141*

	Doxycycline
	Review of clinical studies.
Treatment of patients with periodontal disease with sub-antimicrobial dose of 20 mg b.i.d., compared to “regular or antibiotic-dose” 100 mg q.d. or b.i.d.) 
	Suppression of MMP9 in the periodontal lesion thereby inhibiting the pathologic degradation of various collagens, including types I, III, and IV, while preserving other constituents of the periodontal tissues (fibronectin, proteoglycan groundsubstance, elastin and basement membranes) and inhibiting bone resorption.

	The first of two approvals for “non-antimicrobial” or “host-modulating” antibiotics by regulatory authorities in North America  and Europe as adjunctive treatment for the management of chronic periodontitis 
	142-146

	Doxycycline
	Treatment of patients with rosacea with a subantimicrobial dose of 40mg b.i.d.
	Review of clinical studies: Suppression of MMPs 1, -2, -9, -12, -13 and dowregulation of TNF and Il-1ß.
	Marketing authorizations granted for treatment of rosacea with sub-antimicrobial dose
of 40 mg b.i.d. .
Minocycline 100mg was equally effective but antibacterially active, so that resistance could emerge
	147, 148

	Doxycycline
	Ophthalmic disease
Patients
	Review of clinical studies: Reduced expression of MMP2, -9 and of TNF
	Oral doxycycline may provide an effective treatment of ocular diseases. However, prospective, randomized clinical studies are desirable.
	149, 150

	Doxycycline
	Human corneal epithelial cells 
	Suppression of stimulated MMP1, -10, and -13at both, the mRNA- and protein levels
	Doxycycline may be useful for treatment of ocular surface diseases 
	151

	Doxycycline
	Ocular surface repair.
Epithelial cells and keratocytes exposed to 1, 20, 100, 200 and 1,000M
		DOX
M
	MMP2 activity
	MMP2 synth.
	MMP9
synth.
	MMP1
synth.

	Epithelial cells (%inhibition vs. controls)

	100
	34
	5
	5
	6

	200
	n.d.
	14
	23
	30

	1,000
	81
	n.d.
	n.d.
	n.d.

	Keratocytes (%inhibition vs. controls)

	100
	n.d.
	17
	NE
	9

	200
	n.d.
	n.d.
	NE
	n.d.



	The concentrations needed to achieve moderate inhibitions of MMP1, -2, -9 synthesis are relatively high and may exceed achievable concetrations in tears upon oral administration. However, clinical reports indicate that oral doxycycline is effective in the treatment of ocular infections. 
	152

	Doxycycline 
	Cardiovascular diseases.
Reviews of various in vitro and in vivo models. 
	IC50 of doxycycline for 
       MMP1=452M
       MMP2=56M
       MMP3=32M
       MMP9=30M
In some models minocycline inhibited MMP3 only with an IC50=290M; it was a more potent inhibitor of MMP9 in other models.   
	Attenuation of MMP2 and -9 are 
involved in hypertension- and myocardial infarction induced cardiovascular remodeling.
Their attenuation but not total inhibition may be a good strategy to ameliorate the sequelae.
Results generated varied probably model dependently.
	153-
155



	Doxycycline 
	Human aortic smooth muscle- and aortic aneurysm tissue explants.
Patients, elective open aneurysmal repair.
Patients were treated with 0, 50, 100, or 300mg/day for 2 weeks.
	IC50 of doxycycline for MMP2 expression=6.5mg/L in both models. 
Independently of its dose expression of MMP8 + -9 was statistically significantly reduced, and expression of MMP12 tended to be reduced.
Aortic wall neutrophils were selectively reduced by 72% and the aortic wall cytotoxic T-cell content was reduced by 95%.
	Doxycycline treatment resulted in a profound but selective suppression of aortic wall inflammation 
	156, 157

	Doxycycline
	Patients with small abdominal aortic aneurysm to reduce expansion of aneurysm. Treatment with 150mg/day for 3 months vs. placebo. (158)
Patients undergoing endovascular aneurysm repair (EVAR).
DOX (100mg b.i.d.) or placebo for 6 months following EVAR (159).
	The aneurysm expansion rate in the DOX group was significantly lower than that in the placebo group during the 18 months follow up period (158).
Plasma MMP-9 decreased below baseline in DOX treated patients while there was an insignificant increase in the placebo group. In patients with endoleaks at 6 months, plasma MMP-9 increased in 83% of the placebo group, but in only 14% of DOX treated group (159).
	Doxycycline retarded expansion of abdominal aortic aneurysm. MMPs were not quantitated in this study (158).
Ongoing aortic degradation after endografting due to persistent MMP release can be inhibited by doxycycline therapy (159).
	158, 159

	Doxycycline 
	Patients with anabdominal aortic aneurysma were treated 100 mg orally twice a day for 7 days before surgery
	treatment was associated witha slight 24.4% reduction of MMP2 and 55% reduction of MMP9 concentrations. MMP9 mRNAwas reduced by 82%. In cultured THP-1 monocytes stimulated with phorbol ester, the expression of MMP-9 protein and mRNA were both decreased
	DOX may influence connective tissue degradation within human aneurysm tissue by reducing monocyte/ macrophage expression of MMP9 mRNA and by suppressing the post-trans-lational activation of proMMP2. Treatment with DOX may be a particularly effective strategy for achieving MMP inhibition in patients with an anabdominal aortic aneurysma
	160

	Doxycycline
	Stable COPD patients treated with 100mg doxycycline qd or b.i.d. as per Body Mass Index as an add on therapy.

	Concentrations of MMP-2 and MMP-9/ TIMP-1-ratio were decreased significantly. Concentrations of inflammatory cytokines were also reduced. 
	Improvement in lung function and quality of life in COPD patients may probably be attributed to the reduced MMP concentrations as well as anti-oxidant- and anti-inflammatory activity of doxycycline.
	161


	Doxycycline 
	Stable COPD patients were treated with 100mg doxycycline for 3 weeks as an add on therapy.
In order to exclude inflammation by bacterial colonisation patients must have had negative sputum cultures prior to enrolment.
	MMP8 and -9, IL-6and IL-8 concentrations as well as lung function parameters were not affected by doxycycline. 
Systemic inflammation by means of CRP was also not influenced by doxycycline.
	Doxycycline did neither affect neutrophil content nor the amount of MMP8 and -9 in sputum. This is in contrast with earlier clinical studies with doxycycline in periodontitis- (141-145), rosacea- (146, 147)  and aneurysma patients (155), and the exploratory study in COPD patients (156).
Differing expression of MMP-8 and -9  can be explained by the low cell count as well as a low percentage of neutrophils in the induced sputum at the beginning of this study compared to previous trials. This might be due to the absence of bacterial colonization in this patient group.
	162

	Doxycycline 
	Tuberculosis
Review, various in vitro and in vivo models.
Patients with/without HIV coinfection
	Doxycycline suppressed TB-dependent expression of MMP1 and -9 in preclinical models. 
MMP concentrations in induced sputum of patients with HIV were decreased.
	TB patients may benefit from adjunctive doxycycline administration.
	163, 164

	Doxycycline 
	Cystic fibrosis patients, 100mg doxycycline b.i.d. for 8 days 
	Doxycycline reduced total sputum MMP-9 concentrations by 63.2% and active MMP-9 concentrations by 56.5%; TIMP-1 sputum concentrations increased 1.6-fold. 
	Doxycycline reduced dysregulated MMP-9 concentrations in sputum, so that CF-patients may benefit from adjunctive doxycycline treatment.
	165

	Doxycycline
	Reviews on the role of doxycycline in
wound healing.
In vitro studies, animal models, clinical trials.
	In general, doxycycline enhances healing of chronic wounds. 
	Doxycycline may be a treatment option in managing chronic wounds. 
	166-171

	Doxycycline 
	Patients with non-healing venous leg ulcers
Tretament with either 20mg or 100mg b.i.d.
	In the high-dose doxycycline group, the reduction in median ulcer area was 48%  and there was a significant reduction in wound fluid total MMP1; no effects were observed in the low dose group. Important to note: median wound fluid DOX-concentrations after 4 weeks of treatment were 0.2  and 2.3mg/L in the low- and high-dose groups, respectively, which are lower than concentrations  inhibitimg MMPs in vitro.  
	Doxycycline 100 mg twice daily may improve the healing rate of recalcitrant leg ulcers
	172, 173

	Doxycycline
	Model of acute lung injury in mongrel dogs. Treatment with 30mg/kg or 60mg/kg vs. control.
	Plasma concentrations of MMP9 were decreased significantly in the high dose group.
	Doxycycline reduced acute lung injury induced by cardiopulmonary bypass.
	174

	Tigecycline
	Rat model of burn wound infections by S. aureus.
Immunochemical analysis of MMP9.
	Infected rats treated with tigecycline showed a significant decrease in MMP-9 expression both in epithelium and in dermis compared with rats treated with teicoplanin.
Number of cells in % of total cells examined in epithelium and dermis, respectively, expressing MMP9:
20% and 50%
	Tigecycline modulated MMP9 expression, thus supporting treatment of burn injuries. 

	175

	Doxycycline
Minocycline
	Various 
	Inhibition of MMP2 and -9 expression 
	The potential use of teracyclines in treatment of cerebral diseases or tumor treatment is discussed
	176-187

	Fluoroquinolones

	Norfloxacin,
Ofloxacin,
Ciprofloxacin,
Nalidixic acid
	Human tendon derived cells 
	NOR, OFX, CIP reduced MMP13 mRNA
NOR, CIP increased MMP1 mRNA expression; OFX had no effect on MMP1. Nal reduced expression minimally, if at all. 
	The fluoroquinolones tested exhibited contrasting effects because fo unknown reasons. 
In general, studies on the potential mechaninsms of fluoroquinolone induced tendinopathy correlate this adverse reaction with an increased expression of MMPs
	188

	Ciprofloxacin
	Human dermal fibroblast cultures exposed to 20, 50, 100mg/L CIP
	Ciprofloxacin induced extracellular signal-regulated kinase (Erk)1/2 phosphorylation, and Erk1/2 blockade completely prevented MMP1 upregulation.
	CPX may be an attractive therapy for systemic sclerosis, skin and lung fibrosis.
A recent clinical study demonstrated that oral administration of CPX (250mg b.i.d., versus placebo) for 6 months reduces the severity of symptoms affecting the skin of patients with systemic scleroderma (189)
	189







190

	Ofloxacin,
Levofloxacin,
Ciprofloxacin
	Corneal epithelium.
Tear drops OFX 0.3%, LVX 0.5%, CIP 0.3%
	Expression of MMP1, -2, -8, and -9 were upregulated as compared to artificial tear fluid group. 
	MMPs were upregulated as a result of wound healing process
	191, 192


	Moxifloxacin
	Primary normal human bronchial epithelial cells
	Expression of respiratory epithelial cell-derived MMP-1 and -9 was suppressed. Maximal suppression was achieved with 20mg/L. In contrast, MXF increased MMP-1 and -3 secretion from MRC-5 fibroblasts.
	The effects of moxifloxacin are cell specific.
	122

	Moxifloxacin
	Primary gingival fibroblasts were infected with Porphyromonas gingivalis  or with Aggregatibacter actinomycetemcomitans
	Moxifloxacin exerted a good antibacterial activity but it did not modulate MMP3 release.
	Moxifloxacin could be selected in refractory cases of periodontitis, as an alternative to conventional antibiotic therapy.
	193

	Miscellaneous

	“Antibiotics”
	Antibiotic treatment of cystic fibrosis patients with pulmonary exacerbations. “Antibiotic” treatment was not specified
	Antibiotic treatment of cystic fibrosis patients with pulmonary exacerbations led to a decrease of MMP1, MMP8 and MMP9 protein concentration.
	In general, antibiotic treatment reduced concentrations of MMPs in patients. However, specific conclusions can not be drawn as treatment regimens were not specified
	194

	Rifampicin,
Isoniazid
	Human bronchial epithelial- and MRC-5 cells exposed to 5, 10, 30mg/L for 72h. Measurements of MMP concentrations.
	Rifampicin downregulated epithelial cell-derived MMP3 in a dose-dependent manner. MMP3 gene expression was suppressed to below baseline. However, MMP1 and -9 mRNA accumulation and secretion were not altered by pretreatment with rifampin, nor was MMP-3 secretion altered significantly. 
Isoniazid was used as a comparator; it did not affect any MMP.
	Suppression of epithelial MMP3 production by rifampicin may be a consequence of rifampicin’s actions on the prostaglandin pathway.
	122

	Rifampicin,
Isoniazid
	TDM granuloma- and Mtb/Matrigel granuloma mouse model; mice were infected intranasally. INH (12.5mg/kg/day) and RIF (5mg/kg/day) were added to the drinking water starting 14 days post infection. MMP inhibitors were injected intraperitoneally every second day starting 7 days post infection.  
	An increased delivery and/or retention of rifampicin and isoniazid in infected lungs was observed resulting in enhanced drug efficacy. This effect is likely due to inhibition of MMP2 and -9 activity leading to an increase in pericyte-covered blood vessel numbers and appears to stabilize the integrity of the infected lung tissue. 
Marimastat, batimastat, and Sb-3ct increased drug efficacy significantly, whereas the effect of prinomastat was not statistically significant.
	MMP inhibition enhanced efficacy of anti-mycobacterial agents via improved drug delivery.  
These data demonstrate that antibacterial efficacy and MMP inhibition are closely but indirectly interrelated. 
	195

	para-Aminosalicyclic acid
	Human monocyte-derived macrophages
	PAS blocked prostaglandin expression thus inhibiting indirectly M. tuberculosis-driven MMP1 but not -7 gene expression and secretion. PAS acted by blocking PGE2 production without affecting M. tuberculosis growth. 
	Data suggest that PAS decreased MMP1 activity by inhibiting the p38 mitogen-activated protein kinase-prostaglandin (MAPK-PG) signaling cascade.
MMPs are produced in response to mycobacterial infections.  p38 MAPK is phosphorylated in macrophages surrounding granulomas. p38 upregulates MMP activity and owregulates TIMP secretion. Prostaglandin is a key downstream effector of p38 activity.
	196

	Daptomycin
	Patients with MRSA infected diabetic foot syndrome.
Tretament with 4-6mg/kg/day for maximally 14 days. 
	MMP9 decreased by 25% on day 7 and almost to baseline at day 21 paralleled by an increase in TIMP-1. Furthermore, local IL-6 concentrations decreased within the first 3 days.
	In addition to a reduction of wound size several beneficial processes at the molecular level were recorded.
	197

	Dalbavancin,
Vancomycin
	Mouse model of MRSA skin infection.
Daily treatment with vancomycin (10mg/kg) and weekly with dalbavancin, at day 1 (20 mg/kg) and day 8 (10 mg/kg)
	MMP1 and MMP9 were decreased in uninfected and in both treatment groups as compared to untreated animals.
	Decreased MMP levels contribute to the anti-infective activity of both agents.
	198

	Teicoplanin
	Rat model of burn wound infections by      S. aureus.
Analysis of MMP9 only.
	Number of cells in % of total cells examined in epithelium and dermis, respectively, expressing MMP9:
30% and 65%
	Teicoplanin modulated MMP9 expression moderately, thus supporting treatment of burn injuries
	175

	Bacitracin
	U87-MG glioma cells were exposed to 1.25, 2.5, 3.75, and 5.0 mM bacitracin
	The expression of MMP2 and phosphorylated focal adhesion kinase (p-FAK) was decreased concentration dependently and the migration ability was reduced.
	Bacitracin inhibits protein disulfide isomerase (PDI) via binding with reduced PDI on the cell surface. PDI is associated with tumor cell migration and invasion, so that bacitracin may have the potential to be used as an anti-invasive agent.
Inhibited expression of MMP2 may be a consequence of p-FAK inhibition as FAK is involved in MMP2 production.
	199

	Nitroxoline
	Human cholangiocarcinoma cell line HuCCT1. Exposition to 10, 20 and 40 μM nitroxoline.
	Exposition of HuCCT1 to reduced MMP2 and -9 expression. Furthermore, nitroxoline directly interacted with the active sites of MMP2 and -9
	The activity of nitroxoline resembles that of thiostrepton, a known FoxM1 inhibitor. Therefore it is suggested that nitroxoline may target FoxM1 signaling. Fork head box M1 (FoxM1) is an oncogenic transcription factor frequently elevated in numerous cancers, including cholangiocarcinoma.
	200, 201
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