


Natural killer (NK) cells are effector ILCs that arise from bone marrow progenitor cells. The total number of NK cells in 

humans has been estimated to be 2 1010 cells (95% confidence interval: 0.5 1010 6 1010), making up around 1% of total 

immune cell types in the body and 2% of total lymphocytes. At steady state in healthy individuals, NK cells are present 

mainly in the liver, bone marrow and blood where they constitute around 10% of the total number of peripheral lymphocytes. 

Their functions are tightly regulated by a repertoire of inhibitory and activating receptors, enabling them to recognize and 

to directly or indirectly eliminate stressed cells while sparing normal cells. The vast majority of mature NK cells are cytolytic, 

and all NK cells can produce a number of cytokines, including interferon-  (IFN ), growth factors such as FMS-like tyrosine 

kinase 3 ligand (FLT-3L) and granulocyte macrophage colony-stimulating factor (GM-CSF), and chemokines, including 

XCL1 and CCL5. 
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Autophagy ( self-eating ) is a collection of processes by which cellular components such as proteins and organelles are 

delivered to the lysosome or vacuole for degradation. Two autophagy pathways are well conserved in eukaryotes: 

macroautophagy and microautophagy. In macroautophagy, a cup-shaped membrane structure (known as the phagophore 

or isolation membrane) emerges near the endoplasmic reticulum (ER), elongates, bends and finally closes via membrane 

fission to form a double-membraned structure called the autophagosome, capturing part of the cytoplasm inside itself. 

The autophagosome then fuses with lysosomes (or the vacuole in yeasts and plants), where its contents are degraded. 

In microautophagy, the endosomal or lysosomal membrane invaginates inwards to capture part of the cytoplasm directly. 
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Nucleic acids are the universal genetic building blocks which encode for proteins, thereby providing the potential to unlock 

treatments for a wider swath of disease than traditional druggable targets. Building upon Watson-Crick base pairing, 

virtually all of these therapeutics are derived from the same canonical bases: adenine, cytosine, guanine, thymine, and 

uracil. In addition to the substitution differences at the 20 site of the ribose backbone sugar, deoxyribonucleic acid (DNA) 

primarily incorporates thymine which ribonucleic acid (RNA) replaces with uracil. While all nucleic acid-based therapeutics 

are derived from similar nucleotide building blocks, constituent nucleosides can be chemically modified to improve stability, 

immunogenicity, and diversity. These nucleic acids are negatively charged due to the presence of the sugar-phosphate 

backbone, with sizes ranging from 20 nucleotides (nt) to more than 1000 base pairs (bp). Moreover, multiple kinds of 

nucleic acid therapeutics can be engineered for distinct therapeutic applications including genetic knockdown or induced 

protein expression. 
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出題意図

本出題では、生物分野を理解するうえで欠かすことのできない「免疫」「オートファ
ジー」「核酸」を主題としました。具体的には、1） では免疫機能の一つである NK 細胞の
働き、2） では代表的なオートファジー経路であるマクロオートファジーとミクロオート
ファジ ー、3） では核酸の基本構造および治療薬への応用について出題しています。出題
の意図としては、本領域における専門用語や基礎知識の理解度を測るとともに、専門的な英
語文献を正確に読み解き、日本語で論理的に記述する力（読解力・記述力）を確認すること
を目的としています。


