1598 - 2554k Acta Pharmaceutica Sinica 2026, 61(5): 1598-1609

TEAUMEREEEMERTPRINA

| R, RET, RETF, ek, REF"

(1. 2B KRS, B Rk 36 25 20 B 5 5 9o it =, o JIR: 24 o I v s 1) 5] 4 ) 2 A S B8 =, B 201203
2. ITHRF AL 22 B EE 24 25 e, YT 0% MEZZ 223001; 3. [RIGFORFEE F 5 B PR EE R, i 200443)

WE: AR N — 2B WY, B R AR AR 2 R, 686 e A B S b G B T =57 bt
P A8 P R AR =), TR R B R I I 250k i 77 . e A IRBNIE 3N Ol & 77 S AR VT B Al S R 1, A6 B T3 o
IR b 0 R SR T AR . SR, ARG R I M L SRR 0 SR T T A TE — R IR, fdid TR ML
T B LA DA B S A IR VA T T R o A SO AR MRS 1R S S MR LRI R HEAT T R, R R G
T AR I R SR, B RE A EEAH LR LA B A R R TR OS2 A e IR A
Ji g8 v 7 P ) 2o R R O TR, GG A L AR AN G SR T T B R F AR SR R R U ) 5 W R AT AT
JEH,

SEHRIR): T, LR, BRI, 29aidak; iR e )

FE S S: R4 XEKFRIRES: A XERES: 0513-4870(2026)05-1598-12

Engineered microalgae and their applications in tumor therapy
TAO Juan'’, WEI Yu-ning', ZHAO Meng-yu', YANG Jin-long'”, QI Jian-ping"*

(1. State Key Laboratory of Advanced Drug Formulations for Overcoming Delivery Barriers, Key Laboratory of Smart
Drug Delivery, Ministry of Education, School of Pharmaceutical Sciences, Fudan University, Shanghai 201203, China;
2. School of Chinese Medicine, Jiangsu College of Nursing, Huaian 223001, China, 3. Shanghai Skin Disease Hospital,
School of Medicine, Tongji University, Shanghai 200443, China)

Abstract: Microalgae, as a class of photosynthetic microorganisms, possess excellent biocompatibility and
metabolic diversity. They are capable of synthesizing various natural products with antioxidant, immunomodulatory,
and anticancer activities, while also demonstrating great potential as drug delivery vehicles. Their inherent
properties — such as self-propelled motility, photosynthetic oxygen generation, and biodegradability — facilitate
enhanced accumulation of therapeutics within tumor tissues and improve treatment efficacy. However, natural
microalgae still face limitations in targeting ability and drug loading capacity, necessitating engineering strategies
to meet the complex demands of cancer therapy. This review summarizes representative microalgal species, their
structural features, and biomedical applications. It further provides a systematic overview of current engineering
approaches, including physical interactions, chemical modifications, biomembrane coatings, and genetic engineering.
Particular attention is given to their emerging roles in multimodal tumor therapies, such as photoresponsive,
magnetically guided, and immuno-combined treatment platforms. Finally, future development directions and
prospects for clinical translation are discussed.
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Table 1 Types of microalgae, their pharmacological properties, and advantages in drug delivery

Microalgae type Classification Main component Pharmacological property Drug delivery advantage

Chlorella vulgaris ~ Eukaryotic Proteins, polysaccharides, Antioxidant effect, immune Biocompatibility, oxygen generation,

green alga chlorophyll, carotenoids regulation, anticancer effect metabolic stability, engineered to carry
drugs

Spirulina platensis ~ Prokaryotic Phycocyanin, y-linolenic Immune regulation, anti- Spiral structure, surface modifiability,

cyanobacterium acid, vitamin B, inflammatory effect, multimodel therapy
hypolipidemic activity

Chlamydomonas Model eukaryotic Proteins, chlorophyll, Antigen expression, Self-propulsion, light-navigation,

reinhardtii green alga mature genetic toolkit immunotherapy support integrated therapy

Diatoms Eukaryotic Silica shells with ordered Drug loading, controlled High surface area, modifiability,
diatom porous nanostructures release biodegradablity
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Figure 1 Representative strategies for the preparation of engineered microalgae. A: Electrostatic adsorption-based surface modification; B:

Dehydration-rehydration-mediated drug loading strategy; C: Chemical conjugation-based engineering approach. Adapted from Ref. 13 with

permission. Copyrights © 2023, The Royal Society of Chemistry; D: Biomembrane-coating technique for microalgae functionalization.

Adapted from Ref. 37 with permission. Copyright © 2020, AAAS. AMF: Amifostine; RBCM-Algae: Red blood cell membrane-coated

microalage
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Figure 2 Microalgae-based light-responsive strategies for tumor therapy. A: Red blood cell membrane-coated microalgae (RBCM-Algae)

for synergistic photodynamic therapy and radiotherapy. Adapted from Ref. 37 with permission. Copyright © 2020, AAAS; B: Calcium

phosphate-shielded Chlorella vulgaris (CV@CaP) enabling modulation of tumor hypoxia for dual-mode imaging-guided combination

therapy. Adapted from Ref. 63 with permission. Copyright © 2021, Ivyspring International Publisher
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