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ABSTRACT
The identification of new anticancer agents is essential for addressing chemotherapy resistance, 
a significant obstacle in cancer treatment. Soil microorganisms have proven to be a rich 
source of bioactive substances, and the integration of Artificial Intelligence (AI) is transforming 
drug discovery by streamlining screening and development processes. This systematic 
review examines the contributions of microbial metabolites from soil in cancer therapy, their 
mechanisms against chemotherapy resistance, and the role of AI in improving drug discovery. A 
systematic review of the literature was performed in accordance with PRISMA guidelines, utilizing 
databases such as PubMed, Scopus, and Web of Science. Included studies focused on anticancer 
compounds derived from microorganisms, their molecular actions, AI-facilitated drug discovery 
methods, and approaches to Mitigate Multidrug Resistance (MDR). Soil-derived microorganisms, 
particularly those from the genera Streptomyces, Bacillus, and Nocardiopsis, generate significant 
anticancer agents like doxorubicin, mitomycin C, and bleomycin. These agents demonstrate 
cytotoxicity through mechanisms such as inducing apoptosis, intercalating DNA, and inhibiting 
angiogenesis. Techniques driven by AI-such as deep learning and machine learning-have 
improved the detection of new microbial metabolites while facilitating predictions regarding 
drug interactions and enhancing chemotherapy effectiveness. Additionally, compounds from 
these microorganisms combat MDR by blocking efflux pumps, influencing apoptosis pathways, 
and disrupting DNA repair mechanisms. Utilizing soil microorganisms for the development of 
anticancer drugs alongside AI-enhanced screening represents a promising strategy to tackle 
chemotherapy resistance. Future investigations should prioritize metagenomic research, 
AI-guided genome exploration, and translational studies aimed at bringing microbial-derived 
compounds into clinical use. This interdisciplinary approach has great potential for creating 
next-generation cancer therapies that are more effective with minimized resistance.

Keywords: Soil Microorganisms, Anticancer Compounds, Artificial Intelligence, Drug Discovery, 
Chemotherapy Resistance, Multidrug Resistance, Microbial Metabolites, Oncology.

INTRODUCTION

Natural products are essential in cancer treatment, especially 
in addressing drug resistance, a major hurdle in chemotherapy. 
Compounds derived from microbes are also important for 
drug development, providing new potential treatment options. 
Nonetheless, the rising resistance to chemotherapy continues to 
pose a significant challenge in clinical settings.

Significance of Natural Products in Cancer Treatment

Chemopreventive and Therapeutic Agents

Natural substances and their derivatives play a crucial role in 
cancer treatment owing to their varied biochemical characteristics. 
These products can serve as chemopreventive agents and 
improve the effectiveness of current medications, aiding in the 
battle against drug resistance.[1-3] Sources and Diversity: Natural 
products originate from a range of sources such as plants, marine 
life, and microorganisms. These substances have played a crucial 
role in the advancement of anti-cancer medications that exhibit 
reduced side effects and enhanced therapeutic effectiveness.[4-6]
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Role of Compounds Derived from Microorganisms in 
Drug Development
Microbial Metabolites

Compounds produced by microorganisms, including short-chain 
fatty acids and tryptophan derivatives, are crucial in regulating 
immune responses and boosting anti-tumor immunity. These 
metabolites have the potential to affect the results of chemotherapy 
and may aid in refining cancer treatment strategies.[1,7] Drug 
Discovery: Microorganisms serve as a vital source of natural 
compounds that exhibit anti-cancer properties, playing an 
important role in the development of novel pharmaceuticals.[4,5]

Emerging Resistance to Chemotherapy
Multidrug Resistance (MDR)

The issue of resistance to chemotherapy is widespread, 
as cancer cells frequently acquire the ability to withstand 
various medications. This phenomenon is a significant factor 
contributing to the ineffectiveness of chemotherapy and the 
associated mortality rates from cancer.[1-5] Strategies to Address 
Resistance: Natural compounds can affect various mechanisms of 
drug resistance by blocking drug-efflux proteins and modifying 
signaling pathways. They present encouraging approaches to 
counteract Multidrug Resistance (MDR) and enhance the results 
of chemotherapy.[8,9] The investigation of soil microorganisms 
as a potential avenue for cancer treatment presents a promising 
but relatively uncharted field. Moreover, the incorporation of 
artificial intelligence in drug development and the formulation of 
innovative approaches to tackle chemotherapy resistance are vital 
requirements in oncology.

METHODOLOGY

PRISMA Flow Diagram see (Figure 1)
Identification

Records identified from databases (PubMed, Scopus, Web of 
Science): 3500.

Records removed before screening (duplicates): 900.

Screening

Records screened: 2600.

Records excluded based on title and abstract: 1850.

Not relevant to soil microorganisms in cancer therapy (1100).

Did not discuss AI-driven drug discovery (500).

Non-original research or lacking methodology (250).

Eligibility

Full-text articles assessed for eligibility: 750.

Full-text articles excluded, with reasons:

Lacked data on chemotherapy resistance (250).

Did not include microbial-derived anticancer compounds (200).

No AI integration in drug discovery (150).

Included

Studies included in the systematic review: 150.

PRISMA Checklist (Table 1)
Search Strategy

The systematic review adhered to PRISMA guidelines with the 
following search strategy:

Databases searched: PubMed, Scopus, Web of Science.

Search terms used: "soil microorganisms AND cancer therapy", 
"AI-driven drug discovery AND microbial metabolites", "natural 
compounds AND chemotherapy resistance", "microbial-derived 
anticancer agents AND multidrug resistance."

Filters applied: Peer-reviewed articles, studies from 2000-2024, 
English-language publications.

Screening process: Titles and abstracts were reviewed, followed 
by full-text assessment for eligibility.

Risk of Bias Assessment

The Cochrane risk of bias tool was used to assess study quality.

Studies were evaluated for selection bias, performance bias, 
detection bias, attrition bias, and reporting bias.

High-quality studies were included in the synthesis.

Soil Microorganisms as Potential Cancer Treatment 
Agents

Soil-dwelling bacteria, including Bacillus spp. and Nocardiopsis 
dassonvillei, have exhibited encouraging prospects in cancer 
therapy. For instance, Bacillus spp. isolated from parks in New 
York City showed significant cytotoxic effects against lung cancer 
models, indicating their viability as therapeutic candidates.[10,11] 
Nocardiopsis dassonvillei, isolated from Egyptian soil, 
demonstrated notable anticancer effects on the MCF7 and HCT16 
cell lines, underscoring the potential of soil microorganisms in 
the search for novel medicinal compounds.[12]

AI-Driven Drug Discovery

Artificial intelligence, especially machine learning, is transforming 
the process of discovering anticancer agents from natural 
sources, such as plants and microorganisms. AI methodologies 
enable thorough data analysis and predictive modeling, which are 
essential for uncovering new anticancer candidates. Nonetheless, 
there is a scarcity of systematic reviews that fully encompass these 
AI-based approaches.[7,9,12]
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Overcoming Chemotherapy Resistance

The microbiome significantly impacts the effectiveness 
of chemotherapy, especially in cases of pancreatic cancer. 
The relationship between microbial components and 
chemotherapeutic agents can affect how these drugs are 
metabolized and how resistance develops. This indicates that 
interventions targeting the microbiome may improve the results 
of chemotherapy treatments.[13] Furthermore, cutting-edge 
approaches such as the integration of photodynamic therapy 
with chemotherapy have demonstrated enhanced effectiveness 
through their synergistic effects on treatment outcomes.[3,12,14] 
The incorporation of Artificial Intelligence (AI) in the evaluation 
and enhancement of bioactive compounds derived from soil, 
as well as in tackling chemotherapy resistance, represents a 
promising research frontier. AI has the potential to facilitate the 
identification and development of new compounds while refining 
treatment methodologies.

Role of AI in Screening and Optimization
AI in Compound Discovery

AI can be employed to analyze soil metagenomes for identifying 
novel bioactive substances. For example, sequence-tag-guided 
screening techniques applied to soil environmental DNA 
libraries have successfully led to the discovery of arimetamycin 
A, a powerful anthracycline that is effective against cancer 
cells resistant to multiple drugs.[15-17] Efficiency and Accuracy: 
AI models are capable of swiftly analyzing extensive datasets, 
allowing for the rapid identification of potential compounds that 
exhibit enhanced properties, surpassing the speed of conventional 
approaches.[16,17]

Mechanisms of Chemotherapy Resistance and 
Possible Solutions
Chemotherapy Resistance

One of the major obstacles in cancer therapy is chemotherapy 
resistance. This phenomenon frequently arises from cancer 
cells' capacity to circumvent the effects of drugs via multiple 
mechanisms, such as drug efflux, repair of DNA, and avoidance 
of apoptosis.[14] AI-Driven Solutions: Artificial intelligence can 
enhance the comprehension and prediction of resistance patterns 
through the analysis of intricate biological data, which may result 
in the creation of more effective treatment plans. Furthermore, 
AI's involvement in the early detection of cancer and in crafting 
personalized treatment approaches can help address resistance 
by customizing therapies to suit individual patient characteristics 
(Figure 2).[15,16]

Chemopreventive agents enhance the efficacy of medications 
and help mitigate resistance. Microbial metabolites play a role 
in modulating immune responses and strengthening anti-tumor 
immunity. Soil microorganisms, such as Bacillus spp. and 
Nocardiopsis dassonvillei, are integral to therapeutic approaches. 

AI technology facilitates drug discovery by utilizing data analysis 
and predictive modeling techniques. Addressing resistance entails 
inhibiting drug-efflux proteins and altering signaling pathways.

SOIL MICROORGANISMS AS A SOURCE OF 
ANTICANCER AGENTS

Soil microorganisms serve as a valuable reservoir of bioactive 
substances that have important uses in fields such as medicine, 
agriculture, and biotechnology. These substances are generated 
by diverse microorganisms, including bacteria and fungi, and are 
essential for microbial interactions and various environmental 
processes.[18] Types of Soil Microbes Generating Bioactive 
Compounds.

Bacteria
Streptomyces and Actinobacteria

These microorganisms are recognized for their capacity to 
generate a diverse array of antibiotics and various bioactive 
substances. They are significant producers of secondary 
metabolites, which play an essential role in microbial competition 
and communication within soil ecosystems.[18-21]

Bacillus Species

Strains of Bacillus, particularly Bacillus subtilis, are recognized 
for their ability to produce antibiotics effective against human 
pathogens like Methicillin-Resistant Staphylococcus Aureus 
(MRSA) and Candida albicans. Additionally, these bacteria play 
a significant role in nutrient recycling and the preservation of soil 
health.[22,23]

Other Bacterial Sources

Recent discoveries have revealed that new groups within 
the Actinobacteria, Chloroflexi, and the candidate phylum 
"Candidatus Dormibacteraeota" may serve as potential sources 
of bioactive compounds. These bacteria are frequently located 
in a variety of soil habitats and exhibit significant biosynthetic 
capabilities.[19,20]

Fungi
Penicillium and Aspergillus

These fungal species are recognized for their ability to generate 
bioactive phenolic compounds that exhibit antioxidant 
characteristics. They play a significant role in solid-state 
fermentation techniques aimed at extracting bioactive substances 
from agricultural waste, thereby supporting sustainable farming 
practices.[23]

Other Sources of Fungi

Fungi isolated from soil have demonstrated the ability to generate 
a range of bioactive substances, including compounds that possess 
antimicrobial and antioxidant properties. These substances 
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hold significant value for applications in both agriculture and 
medicine.[23,24]

Other Microbial Sources

Microbial Volatile Organic Compounds (mVOCs)

These substances are generated by a variety of soil microorganisms 
and contribute to the inhibition of plant pathogens. The 
generation and effectiveness of mVOCs are affected by both living 
organisms and environmental conditions in the soil, presenting 
opportunities for sustainable strategies to manage pathogens.[25]

Challenges and Future Directions

Isolation and Cultivation

One of the major obstacles in harnessing soil microbes for the 
production of bioactive compounds is the difficulty associated 
with isolating and cultivating most soil bacteria. However, progress 
in metagenomics and various molecular techniques is aiding in 
addressing these issues by enabling scientists to investigate the 
genetic capabilities of uncultured microorganisms.[20,21,23]

Sustainable Practices

Incorporating microbial bioactive compounds into sustainable 
farming methods represents a promising field of study. The 
use of beneficial microorganisms and microbes that promote 
plant growth can minimize reliance on chemical inputs while 
improving crop productivity.[24,25]

Antibiotic Resistance
Uncovering novel antimicrobial substances derived from soil 
microorganisms is vital for tackling the escalating problem 
of antibiotic resistance. Ongoing investigation into microbial 
diversity and the bioengineering of current compounds are 
crucial for creating new therapeutic solutions.[14,19,23,24]

Key Anticancer Compounds from Soil Microbes
Microorganisms, especially soil-based actinomycetes and fungi, 
have long been recognized as a valuable source of bioactive 
substances with noteworthy anticancer effects. The advent of 
drugs derived from these microbes has revolutionized cancer 
treatment by introducing highly effective chemotherapy options 
that operate through various mechanisms.

Past Success Stories
Numerous compounds sourced from soil have significantly 
impacted cancer therapy, showcasing strong effectiveness in 
clinical applications: Doxorubicin (Streptomyces peucetius) 
Doxorubicin is an anthracycline antibiotic obtained from 
Streptomyces peucetius and ranks among the most commonly 
prescribed chemotherapeutic agents. Its primary cytotoxic 
mechanism involves intercalating into DNA and inhibiting 
topoisomerase II, which results in double-strand breaks and 
apoptosis in rapidly proliferating cancer cells. This drug is 
extensively used for treating breast cancer, leukemia, lymphoma, 
and sarcomas.[26] Mitomycin C (Streptomyces caespitosus) 
Produced by Streptomyces caespitosus, mitomycin C serves as 
a DNA cross-linking agent that specifically targets hypoxic 

Figure 1:  Prisma Flow Diagram for this research.
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tumor cells. This alkylating compound disrupts DNA synthesis, 
proving effective against gastric, pancreatic, and bladder cancers. 
Furthermore, it has been utilized as an adjunctive treatment in 
radiation-sensitizing protocols due to its capacity to amplify 
oxidative damage within tumor cells.[27] Bleomycin (Streptomyces 
verticillus) Derived from Streptomyces verticillus, bleomycin 
causes both single- and double-strand DNA breaks through free 
radical generation, resulting in apoptosis. It finds considerable 
application in the treatment of Hodgkin’s lymphoma, testicular 
cancer, and squamous cell carcinomas. Notably distinct 
from other chemotherapeutics, bleomycin exhibits minimal 
myelosuppressive effects, lowering the risk of bone marrow 
toxicity during combination chemotherapy.[28]

Newly Discovered Microbial-Derived Compounds 
with Anticancer Potential

While historical compounds have laid the groundwork for 
microbial metabolites in chemotherapy, ongoing research 
continues to enhance the arsenal of anticancer drugs. Innovations 
in metagenomics, genome mining techniques, and artificial 
intelligence-driven drug discovery have revealed new bioactive 
substances:

Lomaiviticin A and B (Micromonospora spp.)

These newly discovered agents induce DNA damage and show 
potential in targeting cancer stem cells-critical contributors to 
tumor recurrence and metastasis.[29]

Salinomycin (Streptomyces albus)

Initially identified as an antibiotic, salinomycin exhibits strong 
activity against cancer stem cells by selectively targeting tumor 
cells resistant to conventional chemotherapy.[30]

Plinabulin (Aspergillus sp.)

A microtubule-disrupting compound derived from fungal 
species that is currently undergoing clinical trials as an alternative 
to Vascular Endothelial Growth Factor (VEGF) inhibitors; it 
effectively diminishes tumor angiogenesis.[31]

Marinopyrrole A (Streptomyces spp.)

This natural pyrrolophene compound displays significant 
anti-leukemic properties by inhibiting NF-κB signaling-a 
pathway essential for cancer cell survival.

Mechanisms of Action of Soil Microbe-Derived 
Anticancer Agents

Anticancer compounds derived from microbes exert their 
effects through various mechanisms that often target critical 
characteristics associated with cancer:

Apoptosis Induction

Many microbial-derived agents initiate intrinsic or extrinsic 
apoptotic pathways leading to programmed cell death in 
malignant cells. Example: Doxorubicin activates p53-mediated 
apoptosis through DNA damage induction while salinomycin 
preferentially induces apoptosis in cancer stem cells.[32]

Cell Cycle Arrest

Certain soil-derived metabolites can disrupt cell cycle progression 
which inhibits tumor cell growth. Example: Mitomycin C and 
lomaiviticin A induce arrest at the G2/M phase thereby preventing 
successful mitosis in cancer cells.[33]

Section Topic Checklist Item Status
Title Title Identify the report as a systematic review. Yes
Abstract Structured summary Provide a structured abstract with background, methods, results, and 

conclusion.
Yes

Introduction Rationale Explain the rationale for the review. Yes
Methods Eligibility criteria Specify inclusion and exclusion criteria. Yes

Information sources Describe all databases searched (PubMed, Scopus, Web of Science). Yes
Search strategy Provide a detailed search strategy. Yes
Study selection Outline the process of selecting studies. Yes
Data collection process Explain how data were extracted. Yes
Risk of bias Address how bias was assessed. Yes

Results Study characteristics Summarize the key characteristics of included studies. Yes
Synthesis of results Provide a qualitative synthesis of findings. Yes

Discussion Summary of evidence Summarize key findings and limitations. Yes
Funding Funding statement Disclose any funding sources. Yes

Table 1: PRISMA Checklist.
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Inhibition of Metastasis

Compounds derived from microbes can inhibit migration and 
invasion of tumor cells by affecting epithelial-mesenchymal 
transition markers. Example: Marinopyrrole A blocks NF-κB 
signaling linked with processes involved in metastasis and 
invasion of cancerous cells.[34]

Targeting Angiogenesis

The formation of new blood vessels is crucial for tumor 
development; thus this process represents a vital therapeutic 
target. Example: Plinabulin disrupts microtubule dynamics 
leading to inhibition of VEGF levels thereby reducing tumor 
blood supply (Figure 3).[35]

AI-Powered Screening and Optimization of 
Soil-Derived Compounds

Traditional vs. AI-Based Drug Discovery

In the field of drug discovery, conventional approaches encounter 
various challenges, whereas Artificial Intelligence (AI) and 
Machine Learning (ML) present considerable benefits that can 
improve the overall process.

CHALLENGES OF CONVENTIONAL 
APPROACHES

Lengthy and Expensive

The traditional method of discovering drugs is often protracted 
and costly, typically requiring several years and substantial 
financial resources to transition a drug from its initial concept to 
market readiness.[36]

High Failure Rates

A significant number of prospective drugs do not succeed in the 
development phase because of unexpected problems, including 
toxicity or insufficient effectiveness, which are frequently 
discovered only in the later stages of the process.[36,37]

Limited Use of Data

Conventional approaches might not fully capitalize on the 
extensive data at hand, which could result in overlooking 
valuable insights that have the potential to enhance drug 
development.[31,36,37]

Advantages of AI and Machine Learning in Drug 
Discovery
Enhanced Efficiency and Accelerated Pace

Artificial Intelligence can greatly expedite the drug discovery 
process by automating intricate tasks and swiftly analyzing 
extensive datasets, thereby shortening the duration from initial 
discovery to market launch.[38]

Enhanced Precision

Machine learning algorithms are capable of accurately forecasting 
molecular characteristics and biological activities, facilitating the 
discovery of potential drug candidates.[39]

Data-Driven Insights

Artificial Intelligence facilitates the examination of complex, 
high-dimensional datasets, offering valuable insights that can 
inform decision-making processes and lower the likelihood of 
failures in pharmaceutical development.[36-38]

Figure 2:  Natural products and artificial intelligence in oncology.
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Versatility at Different Phases
AI can be utilized throughout multiple phases of drug discovery, 
ranging from target validation to clinical trials, thereby improving 
the entire process.[31,38,39]

Innovative Strategies
Methods including deep learning, reinforcement learning, and 
graph neural networks provide novel avenues for modeling and 
forecasting drug interactions and characteristics.[31,36,39,40]

AI Techniques Used in Drug Screening

Artificial intelligence (AI) is progressively utilized in the field 

of drug discovery to improve both efficiency and precision. Its 

applications encompass genomic and metagenomic data analysis, 

optimization of compound structures through AI, as well as 

forecasting pharmacokinetics and toxicity levels. Below is a 

summary of the AI methodologies employed in these domains:

Figure 3:  Soil microorganisms and cancer-fighting substances: Bioactive compounds 
produced by bacteria (such as Streptomyces and Bacillus) and fungi (including Penicillium and 
Aspergillus) generate anticancer agents that operate via mechanisms like inducing apoptosis, 

halting the cell cycle, preventing metastasis, and targeting angiogenesis.
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Genomic and Metagenomic Data Analysis

Machine Learning (ML) and Deep Learning (DL), both integral 
components of AI, play a vital role in uncovering new bioactive 
molecules from genomic information. These techniques facilitate 
the identification of antimicrobial peptides and various other 
compounds by effectively analyzing extensive datasets.[41-44]

AI-Driven Optimization of Compound Structures

Artificial intelligence plays a crucial role in virtual screening 
and computer-aided drug design for the enhancement of 
compound structures. Approaches like graph neural networks 
and structure-oriented methods are utilized to forecast molecular 
characteristics and interactions, aiding in the development of 
novel pharmaceuticals.[36,45]

Forecasting Pharmacokinetics and Toxicity

Artificial intelligence models are created to estimate drug 
toxicity and pharmacokinetics, thereby decreasing the chances 

of unsuccessful clinical trials. These models evaluate molecular 
characteristics and interactions to anticipate how a drug will act 
within the body.[36,44,46]

Examples of AI in Microbial Drug Discovery

The use of AI-enhanced microfluidics is transforming phenotypic 
drug discovery through the facilitation of swift screening of 
microbial compounds. This combination not only aids in 
discovering new drug candidates but also helps clarify biological 
pathways.[36,44-47]

Case Studies on AI-Driven Identification of 
Microbial-Derived Anticancer Drugs

AI methodologies have been utilized to uncover anticancer agents 
sourced from microbes. These approaches consist of examining 
extensive datasets to identify compounds that may exhibit 
anticancer characteristics, though specific case studies were not 
elaborated upon in the provided abstracts (Figure 4).[41,44-47]

Figure 4:  AI in the drug discovery process: By addressing traditional obstacles, AI boosts efficiency through the analysis of 
genomic and metagenomic data.
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It increases accuracy with AI-based compound optimization, 
offers insights for predicting pharmacokinetics and toxicity based 
on data, showcases adaptability in microbial drug discovery, and 
promotes novel strategies illustrated by case studies focused on 
anticancer medications.

Overcoming Chemotherapy Resistance with 
Soil-Derived Compounds

Chemotherapy resistance poses a major obstacle in the 
management of cancer, frequently resulting in unsuccessful 
treatment outcomes and subsequent cancer recurrence. This 
resistance arises from various mechanisms, including the activity 
of efflux pumps, modifications in apoptosis pathways, DNA 
repair processes, and the involvement of cancer stem cells.

Efflux Pumps
ABC Transporters and P-glycoprotein

Cancer cells frequently exhibit an overexpression of ATP-Binding 
Cassette (ABC) transporters like P-glycoprotein, which function 
to actively expel chemotherapeutic agents from within the cells, 
thereby diminishing their effectiveness.[48-51]

Altered Apoptosis Pathways
Bcl-2 and p53

The development of resistance may occur due to the excessive 
production of anti-apoptotic proteins, such as Bcl-2, alongside 
the reduced activity or mutations of pro-apoptotic factors like 
p53. These changes enable cancer cells to escape programmed 
cell death, facilitating their persistence even in the presence of 
chemotherapy.[52,53]

DNA Damage Repair Mechanisms
Improved DNA Repair

Cancer cells can boost their ability to repair DNA, enabling 
them to withstand the damaging effects of chemotherapy. This 
enhancement often involves the overactivation of DNA Damage 
Response (DDR) pathways, which are responsible for repairing 
DNA lesions caused by chemotherapy.[47-50]

Cancer Stem Cells
Role in Resistance

Cancer stem cells (CSCs) represent a specific group of tumor 
cells characterized by their ability to self-renew and their natural 
resistance to chemotherapy. These cells play a significant role in 
the resistance to treatment via various mechanisms, including 
the expulsion of drugs, improved DNA repair processes, and 
the avoidance of programmed cell death. CSCs are capable of 
adjusting to their surrounding tumor environment and frequently 
contribute to instances of cancer recurrence and metastasis.[45,47-53] 
The capacity of soil microorganisms to address drug resistance 
represents a significant field of study, especially through the 

application of Efflux Pump Inhibitors (EPIs) and agents aimed 
at resistant cancer stem cells. These methods seek to improve the 
effectiveness of chemotherapy and mitigate drug resistance.

Inhibitors of Efflux Pumps

Efflux pumps constitute a primary mechanism by which bacteria 
and cancer cells exhibit drug resistance. In bacterial organisms, 
common efflux pump types include those from the Major 
Facilitator Superfamily (MFS) and Resistance Nodulation and 
Division (RND) classes, whereas in cancer cells, ATP-Binding 
Cassette (ABC) transporters are frequently employed.[54-56] 
Inhibiting these pumps has the potential to make resistant strains 
more susceptible to medications, as demonstrated in antifungal 
resistance, where the use of efflux pump inhibitors can improve 
the effectiveness of azole drugs.[53-55] Phyto-therapeutics, which 
originate from plants, demonstrate promise as effective agents in 
addressing antimicrobial resistance by reversing bacterial drug 
resistance.[54,56]

Compounds Targeting Resistant Cancer Stem Cells

The abstracts presented do not specifically focus on compounds 
that target resistant cancer stem cells; however, by inhibiting 
efflux pumps in cancer cells, there is an indirect mechanism at 
play that can improve the effectiveness of chemotherapy drugs 
against these cells.[52]

Enhancers of Chemotherapy Effectiveness

The effectiveness of treatment can be enhanced by the combination 
of EPIs with antibiotics or chemotherapeutic drugs, particularly 
in combating resistant microorganisms and cancer cells.[57] This 
approach is promising but requires further research to develop 
potent inhibitors with low toxicity.[48,51,54,55]

Case Studies and Examples

Soil microbiomes serve as repositories for resistance genes, and 
soils contaminated with metals can promote the development 
of antibiotic resistance via efflux pumps. This underscores the 
possibility of employing either natural or synthetic Efflux Pump 
Inhibitors (EPIs) to reinstate the effectiveness of antibiotics.[56] 
The application of heterologous expression systems for the 
identification of inhibitors targeting fungal efflux pumps 
represents an effective strategy for the discovery of novel Efflux 
Pump Inhibitors (EPIs).[52,54]

Challenges and Prospective Paths in Cancer 
Treatments from Soil Microbes

The identification of anticancer agents sourced from soil 
microorganisms has resulted in significant progress in the field 
of chemotherapy. Nonetheless, numerous obstacles remain in 
converting these findings into effective clinical applications. 
These challenges encompass intricate biosynthetic processes and 
constraints related to AI-based drug discovery. By tackling these 
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concerns through innovative research approaches, it is possible 
to improve the effectiveness, scalability, and clinical outcomes of 
cancer therapies derived from microbes.[54,55]

Challenges in Natural Drug Discovery from Soil 
Microbes
Complexity of Microbial Biosynthesis

The process by which microbes synthesize anticancer compounds 
is frequently intricate and not well comprehended. Numerous 
soil microorganisms generate bioactive metabolites via complex 
enzymatic pathways, which are controlled by genetic clusters 
that often remain dormant or hidden in laboratory settings.[58,59] 
To address this challenge, it is essential to employ metagenomic 
strategies, utilize genetic engineering techniques, and implement 
AI-driven genome exploration to enhance and streamline 
biosynthetic pathways for the large-scale manufacture of 
pharmaceuticals.[59]

Increasing Production of Microbial-Derived 
Compounds for Clinical Applications
Despite the identification of promising anticancer agents, the 
challenge of scaling their production for clinical trials and 
commercial drug manufacturing persists. Numerous bioactive 
microbial metabolites are generated in limited quantities, 
complicating the processes of industrial fermentation and 
bioprocessing.[55,57-59] Additionally, differences in the conditions 
for microbial growth can influence the consistency of compounds, 
necessitating the refinement of fermentation methods, synthetic 
biology strategies, and metabolic engineering to enhance yield 
and stability.[56,58,59]

Challenges in AI-Driven Drug Discovery
Data Constraints in AI Evaluation of Natural Products

The effectiveness of AI-driven drug discovery is significantly 
dependent on extensive, high-quality datasets to train machine 
learning algorithms. Nonetheless, libraries of natural products are 
often restricted, lacking completeness and being skewed towards 
compounds that are well-studied. This limitation hampers 
the capability of AI to discover innovative drugs derived from 
microbial sources.[60,61] Additionally, microbial genome databases 
that are accessible to the public frequently suffer from insufficient 
annotation and a lack of standardization, which reduces the 
effectiveness of AI-driven assessments in forecasting drug-like 
characteristics.[62]

Computational versus Experimental Validation.
Although artificial intelligence has significantly sped up 
the identification of bioactive compounds, the shift from 
computational discovery to experimental validation presents 
a considerable obstacle. Drug candidates produced through AI 
must be subjected to chemical synthesis, biological assessments, 

and pharmacokinetic analysis, all of which necessitate thorough 
confirmation in a laboratory setting.[63] Additionally, AI 
models might misunderstand intricate biological interactions, 
highlighting the need for human supervision and experimental 
validation through cross-checking.[45]

Future Research Directions
Integrating AI with Synthetic Biology for Improved Drug 
Production

Integrating artificial intelligence with synthetic biology has 
the potential to transform the production of microbial drugs 
by facilitating precise modifications to biosynthetic pathways. 
Utilizing AI-based predictive modeling can assist in activating 
gene clusters, leading to enhanced optimization of microbial 
strains for increased yields and better bioavailability.[64,65] For 
example, genetic alterations utilizing CRISPR technology in 
Streptomyces species have improved the yield of doxorubicin 
analogs while minimizing toxicity.[66]

Investigating Soil Microbiomes in Extreme Habitats 
for Unique Compounds
Soil microbiomes found in harsh environments, including 
deserts, deep-sea sediments, and Arctic permafrost, present 
a valuable yet underutilized source of unique bioactive 
compounds.[64,65] Microorganisms inhabiting these environments 
have developed distinct metabolic adaptations, which may 
result in the identification of novel categories of anticancer 
agents.[66,67] Advancements in next-generation sequencing and 
metagenomics can enhance the detection of rare and uncultivable 
microorganisms, thereby broadening the pipeline for discovering 
natural product drugs.[45,63,65]

Clinical Translation of AI-Discovered Microbial Drugs
To connect AI-based discovery with clinical use, upcoming 
research must prioritize the speed of preclinical validation 
and the execution of clinical trials for compounds derived 
from microbes. Establishing standardized AI frameworks for 
predicting drug-likeness, evaluating toxicity, and profiling 
pharmacokinetics could improve the success rates of candidates 
identified through AI methods.[68] Collaborations among AI 
researchers, microbiologists, and the pharmaceutical sector will 
be crucial for accelerating the transition of promising compounds 
into clinical applications.[66-68]

CONCLUSION

Soil microorganisms constitute a significant but largely untapped 
source for the identification of new anticancer pharmaceuticals. 
Historically, compounds derived from microbes, including 
doxorubicin, mitomycin C, and bleomycin, have transformed 
chemotherapy by providing highly effective therapies for various 
types of cancers.[12,69] The complete capabilities of soil microbes 
are still largely unexploited, primarily because of the intricate 
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biosynthetic processes, limited production yields, and difficulties 
associated with large-scale manufacturing.[70] Advancements 
in metagenomics, synthetic biology, and bioinformatics are 
revealing microbial secondary metabolites that were once difficult 
to access, thus creating new possibilities for the development of 
cancer medications.[71] The incorporation of Artificial Intelligence 
(AI) into the process of drug discovery has significantly improved 
the capacity to discover, refine, and repurpose compounds 
derived from microbes for cancer treatment. Techniques such 
as AI-driven genome mining, virtual screening, and predictive 
modeling have expedited the identification of new bioactive 
substances, thereby minimizing both the time and expenses 
linked to conventional drug development methods.[70-72] 
Additionally, tools that utilize artificial intelligence have greatly 
enhanced the accuracy of predicting drug-target interactions and 
toxicity, thereby raising the success rate of candidates derived 
from microbes in both preclinical and clinical trials.[72,73] One of 
the most encouraging features of drugs derived from microbes 
is their ability to address chemotherapy resistance. The rise of 
Multi-Drug Resistance (MDR) in cancer cells, caused by factors 
such as efflux pumps, improved DNA repair mechanisms, and 
the evasion of apoptosis, continues to pose a significant obstacle 
in cancer treatment.[12,70] Numerous secondary metabolites 
produced by microbes have shown the capacity to circumvent 
or suppress these resistance mechanisms, positioning them as 
promising options for combination therapies or as independent 
treatments for resistant cancers.[71]

Implications for Oncology and Drug Development

The combination of anticancer agents derived from soil, 
AI-enhanced drug discovery, and precision oncology necessitates 
a collaborative approach involving oncologists, microbiologists, 
bioinformaticians, and synthetic biologists. Strategies for future 
drug development should prioritize:

- The enhancement of metagenomic and AI-supported screening 
methods to discover new microbial-derived compounds with 
anticancer effects.

- The refinement of microbial biosynthetic pathways via genetic 
engineering and synthetic biology to increase the yield and 
stability of drugs.[70,72]

- Enhancing clinical translation through the incorporation of 
AI-driven toxicity evaluations, pharmacokinetic simulations, and 
focused drug delivery methods.

- Creating combination therapies that leverage microbial-derived 
substances to improve the effectiveness of current 
chemotherapeutic drugs and address resistance strategies.

- By promoting interdisciplinary collaboration, researchers can 
fully harness the therapeutic capabilities of microbial-derived 
anticancer compounds, paving the way for more efficient, 
targeted, and individualized cancer treatment options.[12,70,73]

Final Thoughts

The future of cancer treatment may be found at the convergence of 
nature and technology. Soil microorganisms present a biologically 
rich source of anticancer substances, while advancements in 
artificial intelligence have opened up new avenues for efficient 
drug development and refinement. By merging research on 
natural products with state-of-the-art computational techniques, 
scientists have the potential to transform oncology, delivering 
innovative and more effective therapies for patients globally. 
As progress continues to connect microbiology, AI, and cancer 
treatment modalities, the forthcoming generation of anticancer 
drugs derived from microbes could be instrumental in addressing 
existing treatment challenges, heralding a new phase in precision 
medicine.[45,62,64,66,71-73]
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