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[Abstract|Background Numerous unexplained experimental anomalies regarding the
expression of minor spliceosome snRNAs and U12-type intron-containing genes have
persisted for years, posing a long-standing challenge to the scientific community
without a breakthrough.Objective To systematically review the literature on minor
spliceosome snRNAs and propose/validate the hypothesis that in vivo, minor
spliceosome snRNAs in neurons, cardiomyocytes, and other cells are not transcribed
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endogenously within the nucleus, but are instead secreted by renal tubular epithelial
cells via exosomes and supplied to distant cells through systemic circulation. This
study aims to provide a unified explanation for experimental anomalies in minor
spliceosome snRNAs, the mechanisms underlying comorbidities of major diseases,
aging, and the scientific essence of "Kidney Qi" in Traditional Chinese Medicine.
Methods A systematic retrieval was conducted on 32 studies (1999-2026) concerning
the localization, maternal compensation, kidney specificity, and aging of minor
spliceosome snRNAs in vivoand in vitro, establishing an evidence chain for these
"anomalous findings." In pilot experiments, HK-2 human renal tubular epithelial cells
were used as a model; exosomes were isolated via ultracentrifugation, and the
abundance of Ul1l, Ul2, Udatac, and Ubatac snRNAs was quantified using qPCR
with dual internal controls. Results Literature integration suggests that cellular minor
spliceosome snRNAs in vivolikely originate from exosomes secreted by renal tubular
epithelial cells rather than from endogenous nuclear transcription. Pilot experiments
confirmed the detection of Ull, Ul2, and U4atac within HK-2-derived exosomes,
with U12 showing the highest relative abundance. U6atac was nearly undetectable,
presumably due to its extremely short half-life. Limitations This study has not yet
completed in vivotracing experiments to demonstrate the uptake of kidney-derived
exosomal snRNAs by target organs. Furthermore, validation using renal
tubule-specific snRNA knockout animal models to observe distal tissue phenotypes
and functional splicing reconstitution assays remains to be performed. Conclusion
Integrating global unexpected findings on minor spliceosome snRNAs, the
broad-spectrum antiviral logic of evolutionary biology, and preliminary experimental
evidence, we propose that the "Renal Tubular Epithelial Cell Exosome—Minor
Spliceosome snRNA" axis may represent a key trans-cellular supply pathway
essential for maintaining the homeostasis of Ul2-type intron-containing genes
throughout the body.

[Keywords]:minor spliceosome snRNA; U12-type intron; renal tubular epithelial cell;
exosome; Kidney Qi
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	国家及科研机构
	意外发现
	参考文献
	美国：耶鲁大学细胞生物学系
	母体将其自身的野生型U6atac snRNA供应U6atac突变体卵细胞，U6atac突变体胚胎得以
	[�]
	法国：里昂神经科学研究中心，法国国家科学研究中心
	作者惊讶发现：①通常内含子滞留(IR)会触发转录本降解，但主成分分析却未显示胎儿与对照在整体基因表达
	[�]
	美国：得克萨斯大学西南医学中心
	CDAGS患者的双等位基因RNU12罕见变异，无法产生有功能的 U12 snRNA；U12 snRN
	[�]
	美国：耶鲁大学霍华德·休斯医学研究所
	次要剪接体snRNA水平在肾脏的变化异常：肾脏是唯一一个次要剪接体snRNA水平和含U12型内含子基
	[�]
	巴西：里约热内卢联邦大学
	囊性纤维化（CF）患者的肾组织内高表达一种肾脏特异性的、U11/U12 snRNA依赖性的、功能性的
	[�]
	[�]
	日本：东京大学尖端科学技术研究中心
	血清中的次要剪接体snRNA水平与肾脏（肾小管）损伤有显著相关性
	[�]
	美国：耶鲁大学霍华德·休斯医学研究所
	次要剪接反应只发生在细胞核
	[�]
	德国：卡尔斯鲁厄研究中心有限公司，毒理学与遗传学研究所
	次要剪接反应只发生在细胞核，但是发现次要剪接体snRNA在斑马鱼、小鼠体内环境中的细胞质和细胞间质定
	[�]
	芬兰:赫尔辛基大学生物技术研究所
	次要剪接体snRNA在脑神经元中有细胞质和细胞核定位，但在HeLa细胞之中只有核定位
	[�]
	美国：耶鲁大学霍华德·休斯医学研究所
	次要剪接体snRNA细胞质定位意外发现的争议悬而未决，机制至今不明
	[�]
	英国：利兹大学生物科学学院
	含U12型内含子基因表达随着衰老缺失：成年豚鼠心肌的L型钙通道Cav1. 2缺失面积，随着衰老逐渐增
	[�]
	荷兰：阿姆斯特丹大学医学中心
	比较了 100 个健康心脏与 128 个扩张型心肌病（DCM）心脏中的表达情况，U4ATAC显著下调
	[�]
	综合
	干细胞和体外单独培养的内皮细胞、神经元、骨髓间充质干细胞，出现缺失含U12型内含子基因的表达、U12
	[�][�]
	[�]
	[�]
	综合
	血液、组织液中发现次要剪接体snRNA
	[�]
	[�][�]
	表3：总结表2——体内环境细胞与HeLa细胞的次要剪接体snRNA有关对比
	对 比
	体内环境细胞
	HeLa细胞
	次要剪接体snRNA染色位置发现
	细胞质、细胞间质、细胞核、血清
	只有细胞核定位
	次要剪接体snRNA基因突变/敲除后
	突变纯合子发现有胞外的母体野生型供给
	无
	体外培养是否有含U12型内含子基因
	表达缺失和次要剪接体组分减少
	有
	无
	组织随衰老逐渐缺失含U12型内含子基因表达
	和次要剪接体snRNA
	有
	无
	神经元中的U2型剪接和
	U12剪接的竞争性识别冲突
	有脑神经网络，有冲突，
	U2-U12型剪接分时间段交替进行避免冲突
	无神经网络，无冲突
	肾脏组织的次要剪接体snRNA表达特异性
	有
	无
	骨髓间充质干细胞、
	成骨细胞CACNA1C、
	WLS等[�][�][�][�] [�]
	生殖细胞ADAM2、HNRNPL等
	[�] [�][�]
	内耳细胞CACNA1D、
	MYO7A等[�][�]
	牙乳头 / 牙囊干细胞
	CACNL1A1[�][�][�]等
	毛囊干细胞WLS

