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摘  要 

慢性肉芽肿病是一种原发性免疫缺陷病。由于gp91phox、p22phox、p47phox、p67phox、p40phox、GTP酶
-RAC相关基因突变，导致吞噬细胞内NADPH氧化酶复合物缺陷。CGD临床表现特异性不高，主要为反复

细菌、真菌感染、自身炎症性疾病、肉芽肿形成。NBT及DHR实验、基因诊断可以确诊CGD。传统的预

防性使用抗生素、抗真菌药物、IFN-γ预防感染等治疗进展显著地改善了CGD患者的生存。包括IL-1β受
体拮抗剂、PPAR-γ等药物治疗自身炎症疾病的实验也在进行中。造血干细胞移植为目前治愈CGD的主要

方法。近十年因为预处理方案、供者选择、移植后护理等方面的改善，移植治疗的生存率显著提高，OS
可以达到84%~93%，半相合供者等可能成为合适的供者选择。基因治疗中载体的改善、新的基因编辑

技术能够在保证治疗效果的同时降低致基因突变的风险。 
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Abstract 
Chronic granulomatous disease is a primary immunodeficiency. The deficiency of NADPH oxidase 
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complex in phagocytes was caused by mutations in genes of gp91phox, p22phox, p47phox, p67phox, 
p40phox and RAC. The clinical manifestations of CGD are not specific, mainly including repeated 
bacterial and fungal infections, autoimmune inflammatory disease, and granuloma formation. Di-
agnosis can be confirmed by NBT, DHR test, and gene mutation analysis. Conventional prophylac-
tic antibiotic and anti-fungal therapy, and IFN-γ improve the survival significantly. Clinical trials of 
drugs such as IL-1β antagonists, PPAR-γ to treat inflammatory complications are being conducted. 
Hematopoietic Stem Cell Transplantation is the major treatment to cure CGD. In the last decades, 
survival was improved significantly with optimized conditioning regimens, selection of donors 
and post-care, with OS reaching 84%~93%. Haplo-identical donors can be considered as candi-
dates. Advances in the vector design and gene-editing technology can reduce the risk of gene mu-
tation while ensuring efficacy. 
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1. 背景 

慢性肉芽肿病(chronic granulomatous disease, CGD)是一种原发性免疫缺陷病，由于编码烟酰胺腺嘌呤

二核苷酸磷酸氧化酶复合物(nicotinamide adenine dinucleotide phosphate oxidase complex, NADPH)基因突

变，影响胞内活性氧(reactive oxygen species，ROS)的产生，致使活化的吞噬细胞(如中性粒细胞、单核细

胞、巨噬细胞等)对于病原微生物杀灭障碍[1]。临床表现为机体遭受反复，甚至致命性感染，自身炎症性

疾病以及肉芽肿的形成。CGD 发病率约为 1/250,000~1/130,000 [2] [3] [4]。终身预防性抗感染等传统治疗

方法降低了死亡率，但人均每年仍会经历 0.26~0.64 次感染，曲霉等感染为主要死因之一[5] [6]。造血干

细胞移植可以治愈 CGD，有效地控制感染及自身炎症疾病，提高患者的生活质量[6] [7]。自体基因治疗

也为治愈 CGD 的一种方法。本篇综述拟对近年来移植经验进行总结，并简要回顾 CGD 疾病、传统治疗

方法及基因治疗现状。 

2. 分子遗传学及临床表现 

NADPH 由 6 个亚基组成，包括 gp91phox、p22phox两个跨膜蛋白(组成催化核心细胞色素 b558)，编码

基因分别为 CYBB、CYBA，以及溶于胞质的 p47phox、p67phox、p40phox、GTP 酶-RAC，前三者编码基因

分别为 NCF1、NCF2、NCF4。CYBB 基因突变最为常见，约占 2/3，为 X 连锁隐性遗传；其余亚基基因

突变为常染色体隐性遗传。此外，NADPH复合物通过一种由CYBC1基因编码的蛋白稳定于细胞器膜上，

该基因突变也能够致病。当机体受到病原的刺激时，NADPH 各亚基相互连接，产生并传递电子，产生超

氧阴离子( 2O− )及过氧化氢(H2O2)，即呼吸爆发。产生 ROS 的过程中同时发生钾离子向溶酶体内流，激活

颗粒蛋白酶与 ROS 共同介导杀死病原微生物[8]。ROS 在此过程中角色有二：可直接作用于杀灭病原，

以及作为第二信使影响许多细胞通路。 
在欧美[2] [3] [4]、日本[9]及我国华东地区[10]以 X 连锁 CGD 最为常见；部分地区如伊朗、土耳其等

地的报导，提示因近亲婚配的影响，AR-CGD 发病率相对更高[11] [12]。一般认为 X 连锁 CGD 较 AR-CGD
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起病及诊断时间更早，病情更重，死亡更早发生[2]。但目前也有少量关于起病急、病情重的 AR-CGD 的

报导[3] [12]。可能是由于相较于基因突变类型，ROS 残余量决定表型，并与生存直接相关[13]。 
CGD 于 1954 年被首次报导，以反复感染并伴随血清丙种球蛋白升高为特征[14]。复旦大学相关报道

表示华东地区起病年龄中位数约 1 月，确诊年龄中位数为 8 月[10]，起病年龄及确诊年龄中位数均早于早

前其他地区相关研究报道[2] [3] [5] [15] [16] [17]，可能与我国卡介苗接种相关。虽然大多数儿童确诊年

龄小于 5 岁，但由于缺陷NADPH 氧化酶残存活性的影响，部分患者于青少年甚至成人期起病[5] [12] [18]。 
感染常为 CGD 患者起病表现。接受传统治疗的患儿人均感染频率约为 0.26~0.64 次/年[5]。常见病原

包括金黄色葡萄球菌、洋葱伯克霍尔德菌、粘质沙雷菌、诺卡菌属。真菌以曲霉菌属常见，尤其烟曲霉

的感染，被认为是 CGD 患者最常见的死因[19] [20]。在某些结核病广泛流行、人群普遍接种卡介苗的地

区，分枝杆菌(包括卡介苗)为 CGD 患者常见病原[21] [22]。常见感染部位包括肺，淋巴结，皮肤，肝脏

及消化道[20] [23]，感染形式主要表现为化脓性淋巴结炎、肺炎、肝及肺脓肿[3] [4]。NIH 相关报道指出

CGD 患者肝脓肿发生率较高，约为 14.1% [24]；移植前肝脓肿可能影响患者 HSCT 后总体生存率[25]。
卡介苗感染则以局部或肺部的严重感染为主，全身播散性感染少见[26]。 

炎症及自身免疫性疾病为 CGD 患者另一大临床表现。Caspase-1 及吲哚胺 2,3-双加氧酶等[27] [28]
引起的细胞凋亡缺陷、炎症级联反应失调等可能为 CGD 患者炎症发生的重要因素。消化道、泌尿生殖道

等空腔脏器以及肝脏、肺部易受累，其中肠道改变类似克罗恩病。感染的高发、合并异常炎症反应，使

CGD 患者继发巨噬细胞活化综合征的风险增高。既往有文献报道不同基因突变类型合并 MAS [29] [30] 
[31] [32]。治疗包括糖皮质激素、IVIG、环孢素等，与家族性噬血相比，CGD 继发的 MAS 临床预后相

对更好[31] [33]。 

3. 诊断 

NBT(硝基四氮唑蓝)实验中，NBT 可以与经 PMA 激活后的中性粒细胞内葡萄糖氧化过程中所脱的氢

离子结合，使淡黄色的 NBT 染料还原为蓝紫色的甲臜，从而间接测定活性氧的生成[34]。 
自 20 世纪 90 年代起，NBT 实验逐渐被流式细胞计数取代，其中以二氢罗丹明-123 (DHR-123)作为

荧光探针的流式技术被作为 CGD 诊断的金标准[35]。PMA 激活后的中性粒细胞在髓过氧化物酶(MPO)
的参与下产生活性氧，将 DHR-123 氧化为发出荧光的罗丹明-123。测定的平均荧光强度与活性氧产生量

正相关[13]。DHR 实验可以区分 X 连锁 CGD、AR-CGD 以及 X 连锁 CGD 女性携带者[35]。ROS 水平可

以调控 HSCT 后造血干细胞的生长、分化等[36]，可能影响 CGD 行 HSCT 预后。由于中性粒细胞活性、

非特异性激活、实验温度、不同实验室水平[37]、MPO 缺陷[38]等会影响实验结果，应至少进行 2 次 NBT、
DHR 实验后确诊 CGD [39]，或者经基因诊断后确诊[35]。 

每一位 CGD 患者都应该进行基因检测[40]。基因检测能够确定基因突变类型，从而进行遗传咨询、

产前诊断，协助诊断有明确家族史但无临床表现患者、基因携带者[40]，评估预后[13]。 

4. 传统治疗 

4.1. 预防 

复方磺胺甲噁唑(Trimethoprim-sulfamethoxazole, TMP-SMX)及伊曲康唑的使用为预防CGD患者感染

并发症治疗方案中的两座里程碑。口服 TMP-SMX 预防后，患者的感染频率从十月 1 次下降至 40 月 1 次

[41]，1 年无感染的患者从 5%上升至 40% [42]，同时使非真菌感染率明显下降，AR CGD 患者 66% (每
100 个患者月中感染次数从 7.1 下降至 2.4)，X 连锁 CGD 患者下降 56% (每 100 个患者月中感染次数从

15.8 下降至 6.9) [43]。当患者磺胺过敏时，可单独使用甲氧苄啶(TMP)；若患者出现严重副作用难以耐受
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时，可考虑更换为氟喹诺酮、二代或者三代头孢菌素、克林霉素等。TMP-SMX 用量为 6 mg/kg/天，分两

次口服[44]。 
预防真菌感染推荐使用伊曲康唑[45]，不仅有效而且患者容易耐受[46]。预防性使用伊曲康唑显著降

低了侵袭性真菌感染的发生率[47]。同时将发生侵袭性真菌感染的中位数时间从 4 年延长至 10 年[48]。
伊曲康唑用量为 5 mg/kg/天，<50 kg 上限为 100 mg，≥50 kg 口服 200 mg/天，至少每 6 个月需要随访 1
次肝功[23]。由于耐药菌种的出现，伏立康唑及泊沙康唑等抗真菌药物的使用率逐渐增加[49]。伏立康唑

用量：9 mg/kg/q12h，上限 350 mg/次(2~12 岁且<40 kg)；200 mg q12h (≥40 kg) [50] [51] [52] [53] [54]。泊

沙康唑用量：q12h，120 mg (10~14 kg)，160 mg (15~19 kg)，200 mg (20~24 kg)，220 mg (25~29 kg)，260 
mg (30~34 kg)，280 mg (35~39 kg)，200 mg tid (>40 kg) [55] [56]。 

γ 干扰素(IFN-γ)可以从旁路刺激吞噬细胞呼吸爆发产生活性氧，增加 NO 的产生，从而提高细胞的杀

菌能力[57]。在伊曲康唑常规预防性应用之前，IFN-γ 的使用可以让重症感染发生次数下降 67%，同时住

院时间减少[58]。但在 TMP-SMX 及伊曲康唑预防性使用的基础上加用 IFN-γ 并未降低患者的感染率[59]。
虽然是否使用 IFN-γ仍有争议，但许多专家认为使用 IFN-γ预防侵袭性真菌感染的风险/受益比是有利的，

特别是对于 X 连锁 CGD 的年轻患者和有侵袭性真菌感染史的患者[60]。IFN-γ 的用法为 50 μg/m2，皮下

注射，每周三次。 

4.2. 急性感染 

CGD 患者感染表现多样，需与自身炎症疾病区分，炎症指标如 C 反应蛋白、血沉等有助于感染的诊

断；相关影像学如 CT、MRI 是必要的。怀疑感染时寻找病原至关重要，病原学结果回示前，需经验性使

用抗生素，其中碳青霉烯类可以覆盖 CGD 常见病原谱，在 MRSA 常见地区，可加用万古霉素或克林霉

素[23]。 

4.3. 自身免疫性疾病 

免疫抑制剂的使用可能使 CGD 患者感染风险增加[61]。糖皮质激素会增加真菌感染的风险[62]，但

与抗生素联合使用可以加速感染灶的消退[63] [64] [65]、避免外科手术干预[66]。TNF-α 可有效治疗结肠

炎，但同时增加重症感染发生率，甚至致死率[67]。IL-1β 受体拮抗剂阿那白滞素、mTORC1 复合物抑制

剂雷帕霉素治疗效果不明确[68] [69] [70]。应用于 2 型糖尿病治疗的过氧化物酶体增殖物激活受体 γ 
(PPAR-γ)激动剂如吡格列酮等，可在小鼠模型上，可以从恢复吞噬细胞线粒体 ROS 产生、抑制急性无菌

性炎症、增强细胞杀菌能力等方面[71] [72] [73]治疗 CGD 患者自身免疫性疾病。 

5. 造血干细胞移植 

由于诊断的进步、预防性抗感染治疗、以及护理、患者随访监测等各方面的进步，接受传统治疗方

案的 CGD 患者也能够存活到成年[74]，但其生存质量较接受 HSCT 的患者而言明显下降，后者生活治疗

可接近正常儿童[7]。可能与随着年龄的增长，患者的治疗依从性变差，导致并发症发生率升高相关。造

血干细胞移植是目前可以治愈 CGD 的方法之一。有报道建议所有 ROS 产生量少的或经历过严重并发症

的 CGD 患者，都应该接受 HSCT 治疗[75]。 
2017 年 ESID/EBMT (European Society of Immunodeficiencies/European Group of Bone Marrow Trans-

plantation，欧洲免疫缺陷学会/欧洲血液与骨髓移植组)发布了 CGD 移植治疗指征及预处理、供者选择方

案，其中指征如下：1) 医疗条件不足；2) 预防性抗感染依从性差；3) 既往发生≥1 次致死性感染；4) 严
重肉芽肿病导致器官功能损害；5) 激素依赖性肉芽肿病；6) 治疗过程中感染反复；7) 出现癌前克隆病
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变或 MDS。 
有 HLA 相合供者的 CGD 患者尽早接受移植治疗[13] [76]。Chiesa [25]等人发现接受 HSCT 治疗的儿

童(＜18 岁)患者 OS 及 EFS 显著高于成年患者(86% vs. 76%, 76% vs. 69%, p = 0.009)，同时成年患者慢性

GvHD 发生率更高。Yonkof [77]等人报道，15 岁前移植的患者在行 HSCT 前严重感染较少(平均 0.95 次

vs. 2.23 次；p = 0.047)。大龄患者疗效欠佳可能与既往反复感染导致器官功能损害、肉芽肿形成、药物毒

性相关；同时青少年 CGD 患者自身炎症疾病发生率更高[78]、药物依从性差[79] [80] [81]、青春期激素

变化影响免疫功能[82] [83] [84]。在≥15 岁的患者中，移植后患者平均表现得分更高(93.2 v. 85.9; p = 
0.0039)、残疾率更低(11% vs. 52%; p = 0.014)。成年 CGD 患者应经谨慎评估后考虑是否接受移植治疗[85]。 

移植前应抗感染治疗。移植前急性感染可能会导致移植后 TNF-α 升高[86]，从而导致急性 GvHD 发

生率增高[87]。对于≥2 岁感染烟曲霉或者巢曲霉的 CGD 患者，推荐使用伏立康唑，<2 岁者可使用两性

霉素 B，但后者易发生巢曲霉耐药[88] [89]。抗真菌疗程至少 6~12 周[90]，复发侵袭性曲霉病(Invasive 
Aspergillosis, IA)可换其他抗真菌药继续治疗，包括两性霉素 B 脂质体、米卡芬净、卡泊芬净、泊沙康唑、

艾莎康唑、伊曲康唑等，同时建议有 HLA 10/10 相合供者 HSCT 前保守治疗<3 月，随后随访肺部影像学，

推荐使用 MRI [91]。 
最理想的供者为 HLA 全相合同胞供者(Matched Sibling Donor, MSD)。但是欧美等地只有不到 30%的

CGD 患者能得到 MSD [92] [93]，鉴于国情不同，中国 CGD 患者获得 MSD 相对更难。近年来随着预处

理、移植后护理技术的进步，HLA 全相合无关供者(Matched Unrelated Donor, MUD)与 MSD 移植后效果

相差无几[74]。不全相合无关供者(HLA-Mismatched Unrelated Donor, MMUD)植入失败(Graft Failure, GF)、
慢性 GvHD (chronic Graft-versus-Host Disease, cGvHD)发生率更高[85]，从而影响生存。一例 712 例大样

本报道[25]显示不全相合供者较相合供者 OS 显著降低(MSD 89%及 MUD87% vs. 76%, p = 0.02)，HLA 不

合位点越多会导致 EFS 下降越明显。半相合供者(Haploidentical Donor, HID)易获得，便于供者淋巴细胞

输注(Donor Lymphocyte Infusion, DLI)，从而缩短移植前等待时间。近期来自北京[94]的 28 例半相合移植

(Haploidentical HSCT, haplo-HSCT)的报道显示了良好的治疗效果。28 例中，供者 HLA 包含 9 例 5/6、13
例 4/6、6 例 3/6 相合，采用 MAC 的预处理方案，无原发性 GF 发生，有继发性 GF1 例，3 年预计 OS 为

94.1%，EFS 为 84.7%，治疗相关死亡率为 5.9%。另有多例小样本试验中[95] [96] [97] [98]共报道了 9 例

haplo-HSCT，有记载的 4 例供者为患者父亲，无死亡发生，有记载的 8 例患者当中，7 例达到了完全嵌

合。虽然取得较为良好的效果，但 HID 是否能作为常用的供者仍需要长期的随访观察。女性供者干细胞

回输入男性受者体内后，Y 染色体上编码的微小 HLA 可能会导致急性变应反应的发生，从而使 GvHD、

移植相关死亡风险增加[99] [100] [101] [102]。建议选择患者父亲作为HID。非恶性疾病如CGD采用UCBT
可能降低 GvHD 发生概率及严重程度[103]。相关报道以小样本为主，有单中心[94]报道了 10 例接受 UCBT
治疗的 CGD 患者，使用 MAC 预处理，CsA 及 MMF 预防 GvHD 发生，中位随访时间 600 天中无 GF 发

生，3 年预计 OS 为 80%，EFS 为 80%，UCBT 可能是对 CGD 患者有益的一个备选[104]。 
依据 2017 ESID/EBMT 共识，清髓性(Myeloablative conditioning, MAC)预处理方案建议用于脐血移植、

半相合移植；减强度性预处理(Reduced intensity conditioning, RIC)方案建议用于同胞供者及无关供者移植。

然而 MAC 方案用于 MSD、MUD 也能够取得良好效果。ESID/EBMT 报道了欧洲首例大样本多中心研究

[86]，27 例 CGD 患者于 1985~2000 年间接受 MAC 预处理方案的 HSCT 治疗，其中移植时没有明显的自

身炎症、急性感染的患者 OS 为 100%，而移植时存在持续感染的患者的 TRM 为 44% (9 人中有 4 人)。
总体 OS/EFS 分别为 85/81%。GF 和慢性移植物抗宿主病率分别为 7%和 11%。存活患者中绝大多数为超

过 95%的供体来源细胞。这篇重要的论文表明，基于白舒非/环磷酰胺和无体内 T 细胞耗尽的 MAC 造血
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干细胞移植在同胞移植中总体上是有效的，但在移植时遭受持续感染的患者中却会引发强烈的炎症影响

移植效果。来自英国的 Soncini 等人[105]报道了自 1998 至 2007 年间接受 HSCT 治疗的 20 例患者。14 例

患者移植前经历过 2 次及以上的侵袭性感染，并接受了抗生素、抗真菌药物甚至手术处理。3 例接受粒

细胞回输。有 12 人有自身炎症疾病，接受了激素及氨基水杨酸衍生物治疗。20 例患者中有 2 人在造血

干细胞移植时有急性真菌感染，10 人有活跃的持续自身炎症的迹象。20 例患者中有 10 例接受了 MSD 移

植，8 例接受了 MUD 移植，2 例接受了 MMUD (9/10，1 例 UCB，1 例 PBSC)移植。预处理方案主要是

全剂量的白舒非/环磷酰胺清除骨髓，URD 加用阿伦单抗治疗。观察内容包括难治性感染的恢复情况，炎

症性器官功能障碍的缓解情况，以及生长发育追赶情况。10 例移植前结肠炎在HACT 后 8 周内症状消失。

中位随访时间 61 个月，OS/EFS 分别为 90/90%。无 GF 发生，慢性移植物抗宿主病发生率为 10%。这篇

论文说明使用 MAC 预处理方式进行 MSD/URD 移植是有效的，能够缓解结肠炎，实现生长发育追赶，

GvHD 及死亡发生于移植前患炎症及感染的患者当中，说明尽早移植治疗的重要性。 
相较于 MAC 方案的高毒性，包括肺出血、肝静脉阻塞病(hepatic veno-occlusive disease, HVOD)以及

生殖腺的影响，RIC/RTC 方案能够显著降低预处理毒性、急性 GvHD 发生率，同时获得良好的生存效果

[74]。Gungor 等人[106]报道了一项针对 56 例儿童/成人 CGD 患者的 10 年(2003~2013)前瞻性研究 ，其

中 42/56 (75%)的患者被定义为高风险，即有反复难治性感染或者自身免疫性疾病。该研究使用 RIC 预处

理方案，采用亚清髓的白舒非(半剂量或 45~65 mg/L × h 的 cAUC)治疗，确实产生了良好的治疗结果。其

中有 14/44 的(32%)患者需要调整白舒非剂量。联合氟达拉滨和血清治疗，后者包括 ATG 或阿仑珠单抗，

清除患者免疫功能。在中位随访时间 21 个月后，OS/EFS 分别为 93%和 89%。5%的患者发生 GF。III-IV˚ 
aGvHD 及 cGVHD 发生率分别为 4%、7%。93%的存活患者嵌合稳定于 90%以上。MSD 与 MUD 移植效

果无显著统计学差异。9/10 HLAMUD (n = 10)与 10/10 HLA MUD (n = 25)移植后生存效果无显著差异，

但因为样本量相对较小，效果有待观察。两位男性患者移植后成功孕育了后代。该研究展现了 RIC 良好

的生存效果，cAUC 控制下采用 RIC 也能达到良好的嵌合，生殖系统毒性可能较小，同时说明 9/10 HLA 
MUD 可以考虑为供者备选。Morillo-Gutierrez 等人[107]在一项 EBMT 包含 70 例 CGD 儿童的大型回顾性

研究中发现，以苏消安为基础的 RTC 预处理 HSCT 效果良好。93%的患者移植前有急性感染、自身炎症

性疾病，被定义为高风险患者。预处理采用苏消安(42 g/m2或 36 g/m2，D-6~D-4，3 剂/天)、氟达拉滨、

血清学治疗 ± 噻替哌，中位随访时间 34 个月，OS/EFS 分别为 91.4%/81.4%。12%的患者发生继发性 GF。
III-IV˚ aGvHD 发生率为 12%。80%的存活患者获得稳定于 95%以上的嵌合。苏消安是一种烷基化药物，

具有清髓和免疫抑制作用，在 CGD 移植中表现出较低的急性毒性。如果作为单一的烷基化剂使用，苏消

安比其他的烷基化剂更少的性腺毒性。 
预处理方案的选择仍有争议。MAC 预处理方案因为预处理毒性、严重 GvHD 发生率较高，目前欧洲

以 RTC、RIC 预处理为主[85]。然而来自 Chiesa 等人[25]的 712 例大样本报道则显示不同预处理后患者

OS、EFS 及 GvHD 的发生无显著统计学差异。MAC 相较于 RIC/RTC 而言植入率更高，嵌合相对稳定。

而且非肿瘤性疾病移植后 GF 发生率为肿瘤性疾病的 3 倍[108] [109]，RIC 方案患者 GF 的发生率为 MAC
方案的 3~4 倍[94]，Oshrine 等人的 3 例 CGD 患者接受 MUD 移植，采用 RIC 方案后均发生 GF [110]。在

苏消安为主的预处理方案当中，有中心建议加用噻替哌减少 GF 发生率[111]，但同时也可能导致性腺毒

性增加[112]。为了保证有效性、安全性，RIC/RTC 方案中使用治疗药物浓度监测(Therapeutic drug mon-
itoring, TDM)是必要的[113]。 

6. 基因治疗 

自体基因治疗(Gene Therapy, GT)可部分修复受损的吞噬细胞，是一种潜在的 CGD 治愈方法。GT 后
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可能发生 GF，但 GvHD 的发生率为 0 [114] [115] [116]。自 2000 年以来，由于 γ-逆转录病毒的基因治疗

出现插入性肿瘤后，基因治疗的发展从 γ-逆转录病毒转向慢病毒载体[116] [117]。近期 9 名年龄介于 2~27
岁的 X 连锁 CGD 患者，接受了自失活慢病毒载体 GT 治疗[114]。在保证有效性的前提下，应用该载体

旨在降低突变风险。所有患者存在 gp91phox 基因严重缺陷，治疗前 NADPH 氧化酶无活性表达。随访时

间至 12 个月时，6/7 的存活患者体内能够稳定产生活性氧的中性粒细胞占总体中性粒的 16%~46%，同时

存在稳定的载体拷贝数(每个中性粒细胞存在 0.4~1.8 个拷贝数)。1 例患者治疗失败，产生活性氧的中性

粒细胞<5%。2 例患者于 3 个月内因严重肺部疾病及出血而死亡。没有证据表明克隆性失调或转基因沉默。

存活的患者没有出现新的 CGD 相关感染，6 例已经能够停止抗生素预防。随访时间超过 12 个月，OS/EFS
分别为 78/66%。尽管在载体设计上取得了进步，但基于整合一个额外的野生型基因拷贝的基因治疗存在

不可避免的插入突变风险[118]。 
在体内外实验中，新的基因组编辑技术可以介导基因添加、基因消融、基因修正和其他高针对性的

基因修饰。通过特异性位点内切酶，如锌指核酸酶(Zinc Finger Nucleases, ZFN)、转录激活因子样效应核

酸酶(Transcription Activator-like Effector Nucleases, TALEN)、或 CRISPR (clustered regularly interspaced 
short palindromic repeat)/Cas9 核酸酶等有可能取得良好的治疗效果[67] [119] [120]。 

7. 结语 

在过去的二十年中，传统治疗中有效的感染预防方案和积极的急性期治疗的发展改善了预后。造血

干细胞移植取得了良好的治疗效果，建议有合适供者的 CGD 患者尽早接受移植治疗。虽然预处理的选择

仍有争议，应依据患者移植前状态、供者 HLA 相合程度、移植物类型做出最优选择，以实现安全性和更

高水平的供体嵌合，同时防止感染和炎症并发症的发生。半相合供者及脐血可能成为未来寻找供者困难

的 CGD 患者的备选方案。基因治疗前景良好，同时需要更多的实验来控制致突变、致癌等并发症。我们

需要进一步的研究观察随访 CGD 患者的长期管理，同时逐步完善现有的治疗措施，寻找可能的新的靶向

治疗等。 

参考文献 
[1] Bedard, K. and Krause, K.H. (2007) The NOX Family of ROS-Generating NADPH Oxidases: Physiology and Patho-

physiology. Physiological Reviews, 87, 245-313. https://doi.org/10.1152/physrev.00044.2005 
[2] Winkelstein, J.A., Marino, M.C., Johnston Jr., R.B., Boyle, J., Curnutte, J., Gallin, J.I., et al. (2000) Chronic Granulo-

matous Disease. Report on a National Registry of 368 Patients. Medicine, 79, 155-169.  
https://doi.org/10.1097/00005792-200005000-00003 

[3] van den Berg, J.M., van Koppen, E., Ahlin, A., Belohradsky, B.H., Bernatowska, E., Corbeel, L., et al. (2009) Chronic 
Granulomatous Disease: The European Experience. PLoS ONE, 4, e5234.  
https://doi.org/10.1371/journal.pone.0005234 

[4] Jones, L.B., McGrogan, P., Flood, T.J., Gennery, A.R., Morton, L., Thrasher, A., et al. (2008) Special Article: Chronic 
Granulomatous Disease in the United Kingdom and Ireland: A Comprehensive National Patient-Based Registry. Clin-
ical & Experimental Immunology, 152, 211-218. https://doi.org/10.1111/j.1365-2249.2008.03644.x 

[5] Martire, B., Rondelli, R., Soresina, A., et al. (2008) Clinical Features, Long-Term Follow-Up and Outcome of a Large 
Cohort of Patients with Chronic Granulomatous Disease: An Italian Multicenter Study. Clinical Immunology, 126, 
155-164. https://doi.org/10.1016/j.clim.2007.09.008 

[6] Cole, T., Pearce, M.S., Cant, A.J., Cale, C.M., Goldblatt, D. and Gennery, A.R. (2013) Clinical Outcome in Children 
with Chronic Granulomatous Disease Managed Conservatively or with Hematopoietic Stem Cell Transplantation. 
Journal of Allergy and Clinical Immunology, 132, 1150-1155. https://doi.org/10.1016/j.jaci.2013.05.031 

[7] Cole, T., McKendrick, F., Titman, P., et al. (2013) Health Related Quality of Life and Emotional Health in Children 
with Chronic Granulomatous Disease: A Comparison of Those Managed Conservatively with Those That Have Un-
dergone Hematopoietic Stem Cell Transplant. Journal of Clinical Immunology, 33, 8-13.  
https://doi.org/10.1007/s10875-012-9758-0 

https://doi.org/10.12677/acm.2022.124529
https://doi.org/10.1152/physrev.00044.2005
https://doi.org/10.1097/00005792-200005000-00003
https://doi.org/10.1371/journal.pone.0005234
https://doi.org/10.1111/j.1365-2249.2008.03644.x
https://doi.org/10.1016/j.clim.2007.09.008
https://doi.org/10.1016/j.jaci.2013.05.031
https://doi.org/10.1007/s10875-012-9758-0


洪郢雪，于洁 
 

 

DOI: 10.12677/acm.2022.124529 3655 临床医学进展 
 

[8] Reeves, E.P., Lu, H., Jacobs, H.L., et al. (2002) Killing Activity of Neutrophils Is Mediated through Activation of Pro-
teases by K+ Flux. Nature, 416, 291-297. https://doi.org/10.1038/416291a 

[9] Kobayashi, S., Murayama, S., Takanashi, S., et al. (2008) Clinical Features and Prognoses of 23 Patients with Chronic 
Granulomatous Disease Followed for 21 Years by a Single Hospital in Japan. European Journal of Pediatrics, 167, 
1389-1394. https://doi.org/10.1007/s00431-008-0680-7 

[10] Zhou, Q., Hui, X., Ying, W., Hou, J., Wang, W., Liu, D., Wang, Y., Yu, Y., Wang, J., Sun, J., Zhang, Q. and Wang, X. 
(2018) A Cohort of 169 Chronic Granulomatous Disease Patients Exposed to BCG Vaccination: A Retrospective Study 
from a Single Center in Shanghai, China (2004-2017). Journal of Clinical Immunology, 38, 260-272.  
https://doi.org/10.1007/s10875-018-0486-y 

[11] Fattahi, F., Badalzadeh, M., Sedighipour, L., et al. (2011) Inheritance Pattern and Clinical Aspects of 93 Iranian Pa-
tients with Chronic Granulomatous Disease. Journal of Clinical Immunology, 31, 792-801.  
https://doi.org/10.1007/s10875-011-9567-x 

[12] Köker, M.Y., Camcıoğlu, Y., van Leeuwen, K., et al. (2013) Clinical, Functional, and Genetic Characterization of 
Chronic Granulomatous Disease in 89 Turkish Patients. Journal of Allergy and Clinical Immunology, 132, 1156-1163.  
https://doi.org/10.1016/j.jaci.2013.05.039 

[13] Kuhns, D.B., Alvord, W.G., Heller, T., et al. (2010) Residual NADPH Oxidase and Survival in Chronic Granulomat-
ous Disease. The New England Journal of Medicine, 363, 2600-2610. https://doi.org/10.1056/NEJMoa1007097 

[14] Janeway, C.A., Craig, J., Davidson, M., Downey, W., Gitlin, D. and Sullivan, J.C. (1954) Hypergammaglobulinemia 
Associated with Severe, Recurrent and Chronic Non-Specific Infection. The American Journal of Diseases of Children, 
88, 388-392. 

[15] Wolach, B., Gavrieli, R., de Boer, M., Gottesman, G., Ben-Ari, J., Rottem, M., et al. (2008) Chronic Granulomatous 
Disease in Israel: Clinical, Functional and Molecular Studies of 38 Patients. Clinical Immunology, 129, 103-114.  
https://doi.org/10.1016/j.clim.2008.06.012 

[16] Rawat, A., Vignesh, P., Sharma, A., Shandilya, J.K., Sharma, M., Suri, D., et al. (2017) Infection Profile in Chronic 
Granulomatous Disease: A 23-Year Experience from a Tertiary Care Center in North India. Journal of Clinical Immu-
nology, 37, 319-328. https://doi.org/10.1007/s10875-017-0382-x 

[17] Wolach, B., Gavrieli, R., de Boer, M., van Leeuwen, K., Berger-Achituv, S., Stauber, T., et al. (2017) Chronic Granu-
lomatous Disease: Clinical, Functional, Molecular, and Genetic Studies. The Israeli Experience with 84 Patients. 
American Journal of Hematology, 92, 28-36. https://doi.org/10.1002/ajh.24573 

[18] Leiding, J.W. and Holland, S.M. (2014) Chronic Granulomatous Disease. In: Sullivan, K.E. and Stiehm, E.R., Eds., 
Stiehm’s Immune Deficiencies, Academic Press, Cambridge, MA, 633-648. 
https://doi.org/10.1016/B978-0-12-405546-9.00031-5 

[19] Salvator, H., Mahlaoui, N., Catherinot, E., Rivaud, E., Pilmis, B., Borie, R., et al. (2015) Pulmonary Manifestations in 
Adult Patientswith Chronic Granulomatous Disease. European Respiratory Journal, 45, 1613-1623.  
https://doi.org/10.1183/09031936.00118414 

[20] Marciano, B.E., Spalding, C., Fitzgerald, A., Mann, D., Brown, T., Osgood, S., et al. (2015) Common Severe Infec-
tions in Chronic Granulomatous Disease. Clinical Infectious Diseases, 60, 1176-1831.  
https://doi.org/10.1093/cid/ciu1154 

[21] Conti, F., Lugo-Reyes, S.O., Blancas Galicia, L., He, J., Aksu, G., Borges de Oliveira Jr., E., et al. (2016) Mycobac-
terial Disease in Patients with Chronic Granulomatous Disease: A Retrospective Analysis of 71 Cases. Journal of Al-
lergy and Clinical Immunology, 138, 241-248.e3. https://doi.org/10.1016/j.jaci.2015.11.041 

[22] Bustamante, J., Arias, A.A., Vogt, G., Picard, C., Galicia, L.B., Prando, C., et al. (2011) Germline CYBB Mutations 
That Selectively Affect Macrophages in Kindreds with X-Linked Predisposition to Tuberculous Mycobacterial Disease. 
Nature Immunology, 12, 213-221. https://doi.org/10.1038/ni.1992 

[23] Thomsen, I.P., Smith, M.A., Holland, S.M. and Creech, C.B. (2016) A Comprehensive Approach to the Management 
of Children and Adults with Chronic Granulomatous Disease. The Journal of Allergy and Clinical Immunology: In 
Practice, 4, 1082-1088. https://doi.org/10.1016/j.jaip.2016.03.021 

[24] Lublin, M., Bartlett, D.L., Danforth, D.N., Kauffman, H., Gallin, J.I., Malech, H.L., Shawker, T., Choyke, P., Kleiner, 
D.E., Schwartzentruber, D.J., Chang, R., DeCarlo, E.S. and Holland, S.M. (2002) Hepatic Abscess in Patients with 
Chronic Granulomatous Disease. Annals of Surgery, 235, 383-391.  
https://doi.org/10.1097/00000658-200203000-00010 

[25] Chiesa, R., Wang, J., Blok, H.J., Hazelaar, S., Neven, B., Moshous, D., Schulz, A., Hoenig, M., et al. (2020) Hemato-
poietic Cell Transplantation in Chronic Granulomatous Disease: A Study of 712 Children and Adults. Blood, 136, 
1201-1211. https://doi.org/10.1182/blood.2020005590 

[26] Lee, P.P., Chan, K.W., Jiang, L., Chen, T., Li, C., Lee, T.L., et al. (2008) Susceptibility to Mycobacterial Infections in 

https://doi.org/10.12677/acm.2022.124529
https://doi.org/10.1038/416291a
https://doi.org/10.1007/s00431-008-0680-7
https://doi.org/10.1007/s10875-018-0486-y
https://doi.org/10.1007/s10875-011-9567-x
https://doi.org/10.1016/j.jaci.2013.05.039
https://doi.org/10.1056/NEJMoa1007097
https://doi.org/10.1016/j.clim.2008.06.012
https://doi.org/10.1007/s10875-017-0382-x
https://doi.org/10.1002/ajh.24573
https://doi.org/10.1016/B978-0-12-405546-9.00031-5
https://doi.org/10.1183/09031936.00118414
https://doi.org/10.1093/cid/ciu1154
https://doi.org/10.1016/j.jaci.2015.11.041
https://doi.org/10.1038/ni.1992
https://doi.org/10.1016/j.jaip.2016.03.021
https://doi.org/10.1097/00000658-200203000-00010
https://doi.org/10.1182/blood.2020005590


洪郢雪，于洁 
 

 

DOI: 10.12677/acm.2022.124529 3656 临床医学进展 
 

Children with Xlinked Chronic Granulomatous Disease: A Review of 17 Patients Living in a Region Endemic for Tu-
berculosis. The Pediatric Infectious Disease Journal, 27, 224-230. https://doi.org/10.1097/INF.0b013e31815b494c 

[27] Meissner, F., Seger, R.A., Moshous, D., Fischer, A., Reichenbach, J. and Zychlinsky, A. (2010) Inflammasome Acti-
vation in NADPH Oxidase Defective Mononuclear Phagocytes from Patients with Chronic Granulomatous Disease. 
Blood, 116, 1570-1573. https://doi.org/10.1182/blood-2010-01-264218 

[28] Romani, L., Fallarino, F., De Luca, A., Montagnoli, C., D’Angelo, C., Zelante, T., et al. (2008) Defective Tryptophan 
Catabolism Underlies Inflammation in Mouse Chronic Granulomatous Disease. Nature, 451, 211-215.  
https://doi.org/10.1038/nature06471 

[29] Blancas-Galicia, L., Santos-Chavez, E., Deswarte, C., Mignac, Q., Medina-Vera, I., Leon-Lara, X., Roynard, M., et al. 
(2020) Genetic, Immunological, and Clinical Features of the First Mexican Cohort of Patients with Chronic Granulo-
matous Disease. Journal of Clinical Immunology (ePub), 40, 475-493. https://doi.org/10.1007/s10875-020-00750-5 

[30] Parekh, C., Hofstra, T., Church, J.A. and Coates, T.D. (2011) Hemophagocytic Lymphohistiocytosis in Children with 
Chronic Granulomatous Disease. Pediatric Blood & Cancer, 56, 460-462. https://doi.org/10.1002/pbc.22830 

[31] Alvarez-Cardona, A., Rodriguez-Lozano, A.L., Blancas-Galicia, L., Rivas-Larrauri, F.E. and Yamazaki-Nakashimada, 
M.A. (2012) Intravenous Immunoglobulin Treatment for Macrophage Activation Syndrome Complicating Chronic 
Granulomatous Disease. Journal of Clinical Immunology, 32, 207-211. https://doi.org/10.1007/s10875-011-9616-5 

[32] Wei, A., Ma, H., Zhang, L., Li, Z., Zhang, Q., Wang, D., Zhang, L., Lian, H., Zhang, R. and Wang, T. (2020) Hemo-
phagocytic Lymphohistiocytosis Resulting from a Cytokine Storm Triggered by Septicemia in a Child with Chronic 
Granuloma Disease: A Case Report and Literature Review. BMC Pediatrics, 20, Article No. 100.  
https://doi.org/10.1186/s12887-020-1996-3 

[33] Bode, S.F., Amman, S., Ha-Herz, W., et al. (2015) The Syndrome of Hemophagocytic Lymphohistiocytosis in Primary 
Immunodeficiencies: Implications for Differential Diagnosis and Pathogenesis. Haematologica, 100, 978-988.  
https://doi.org/10.3324/haematol.2014.121608 

[34] Ochs, H.D. and Igo, R.P. (1973) The NBT Slide Test: A Simple Screening Method for Detecting Chronic Granulo-
matous Disease and Female Carriers. The Journal of Pediatrics, 83, 77-82.  
https://doi.org/10.1016/S0022-3476(73)80316-6 

[35] Yu, J.E., Azar, A.E., Chong, H.J., Jongco, A.M. and Prince, B.T. (2018) Considerations in the Diagnosis of Chronic 
Granulomatous Disease. Journal of the Pediatric Infectious Diseases Society, 7, S6-S11.  
https://doi.org/10.1093/jpids/piy007 

[36] Pasha, A., Calvani, M. and Favre, C. (2021) β3-Adrenoreceptors as ROS Balancer in Hematopoietic Stem Cell Trans-
plantation. International Journal of Molecular Sciences, 22, 2835. https://doi.org/10.3390/ijms22062835 

[37] Abraham, R.S. and Aubert, G. (2016) Flow Cytometry, a Versatile Tool for Diagnosis and Monitoring of Primary Im-
munodeficiencies. Clinical and Vaccine Immunology, 23, 254-271. https://doi.org/10.1128/CVI.00001-16 

[38] Mauch, L., Lun, A., O’Gorman, M.R., Harris, J.S., Schulze, I., Zychlinsky, A., Fuchs, T., Oelschlägel, U., Brenner, S., 
Kutter, D., Rösen-Wolff, A. and Roesler, J. (2007) Chronic Granulomatous Disease (CGD) and Complete Myelope-
roxidase Deficiency Both Yield Strongly Reduced Dihydrorhodamine 123 Test Signals but Can Be Easily Discerned in 
Routine Testing for CGD. Clinical Chemistry, 53, 890-896. https://doi.org/10.1373/clinchem.2006.083444 

[39] Seidel, M.G., Kindle, G., Gathmann, B., Quinti, I., Buckland, M., van Montfrans, J., Scheible, R., et al. (2019) The 
European Society for Immunodeficiencies (ESID) Registry Working Definitions for the Clinical Diagnosis of Inborn 
Errors of Immunity. The Journal of Allergy and Clinical Immunology: In Practice, 7, 1763-1770.  
https://doi.org/10.1016/j.jaip.2019.02.004 

[40] Roos, D. and de Boer, M. (2014) Molecular Diagnosis of Chronic Granulomatous Disease. Clinical & Experimental 
Immunology, 175, 139-149. https://doi.org/10.1111/cei.12202 

[41] Gallin, J.I., Buescher, E.S., Seligmann, B.E., et al. (1983) NIH Conference. Recent Advances in Chronic Granulomat-
ous Disease. Annals of Internal Medicine, 99, 657-674. https://doi.org/10.7326/0003-4819-99-5-657 

[42] Regelman, W., Hays, N. and Quie, P.G. (1983) Chronic Granulomatous Disesase: Historical Perspective and Clinical 
Experience at University of Minnesota Hospitals. In: Gallin, J.I. and Fauci, A., Eds., Advances in Host Defense Me-
chanisms, Raven Press, New York, 3-24. 

[43] Margolis, D.M., Melnick, D.A., Alling, D.W. and Gallin, J.I. (1990) Trimethoprim-Sulfamethoxazole Prophylaxis in 
the Management of Chronic Granulomatous Disease. The Journal of Infectious Diseases, 162, 723-726.  
https://doi.org/10.1093/infdis/162.3.723 

[44] Freeman, A.F. and Holland, S.M. (2009) Antimicrobial Prophylaxis for Primary Immunodeficiencies. Current Opinion 
in Allergy and Clinical Immunology, 9, 525-530. https://doi.org/10.1097/ACI.0b013e328332be33 

[45] Greenberg, D.E., Shoffner, A.R., Zelazny, A.M., Fenster, M.E., Zarember, K.A., et al. (2010) Recurrent Granulibacter 
bethesdensis Infections and Chronic Granulomatous Disease. Emerging Infectious Diseases, 16, 1341-1348.  

https://doi.org/10.12677/acm.2022.124529
https://doi.org/10.1097/INF.0b013e31815b494c
https://doi.org/10.1182/blood-2010-01-264218
https://doi.org/10.1038/nature06471
https://doi.org/10.1007/s10875-020-00750-5
https://doi.org/10.1002/pbc.22830
https://doi.org/10.1007/s10875-011-9616-5
https://doi.org/10.1186/s12887-020-1996-3
https://doi.org/10.3324/haematol.2014.121608
https://doi.org/10.1016/S0022-3476(73)80316-6
https://doi.org/10.1093/jpids/piy007
https://doi.org/10.3390/ijms22062835
https://doi.org/10.1128/CVI.00001-16
https://doi.org/10.1373/clinchem.2006.083444
https://doi.org/10.1016/j.jaip.2019.02.004
https://doi.org/10.1111/cei.12202
https://doi.org/10.7326/0003-4819-99-5-657
https://doi.org/10.1093/infdis/162.3.723
https://doi.org/10.1097/ACI.0b013e328332be33


洪郢雪，于洁 
 

 

DOI: 10.12677/acm.2022.124529 3657 临床医学进展 
 

https://doi.org/10.3201/eid1609.091800 
[46] Gallin, J.I., Alling, D.W., Malech, H.L., Wesley, R., Koziol, D., Marciano, B., Eisenstein, E.M., Turner, M.L., DeCarlo, 

E.S., Starling, J.M. and Holland, S.M. (2003) Itraconazole to Prevent Fungal Infections in Chronic Granulomatous 
Disease. The New England Journal of Medicine, 348, 2416-2422. https://doi.org/10.1056/NEJMoa021931 

[47] Beauté, J., Obenga, G., Le Mignot, L., et al., French PID Study Group CEREDIH (2011) Epidemiology and Outcome 
of Invasive Fungal Diseases in Patients with Chronic Granulomatous Disease: A Multicenter Study in France. The Pe-
diatric Infectious Disease Journal, 30, 57-62. https://doi.org/10.1097/INF.0b013e3181f13b23 

[48] Blumental, S., Mouy, R., Mahlaoui, N., Bougnoux, M.E., Debre, M., Beaute, J., Lortholary, O., et al. (2011) Invasive 
Mold Infections in Chronic Granulomatous Disease: A 25-Year Retrospective Survey. Clinical Infectious Diseases, 53, 
e159-e169. https://doi.org/10.1093/cid/cir731 

[49] Slack, M.A. and Thomsen, I.P. (2018) Prevention of Infectious Complications in Patients with Chronic Granulomatous 
Disease. Journal of the Pediatric Infectious Diseases Society, 7, S25-S30. https://doi.org/10.1093/jpids/piy016 

[50] Science, M., Robinson, P.D., MacDonald, T., et al. (2014) Guideline for Primary Antifungal Prophylaxis for Pediatric 
Patients with Cancer or Hematopoietic Stem Cell Transplant Recipients. Pediatric Blood & Cancer, 61, 393-400.  
https://doi.org/10.1002/pbc.24847 

[51] Muto, C., Shoji, S., Tomono, Y. and Liu, P. (2015) Population Pharmacokinetic Analysis of Voriconazole from a 
Pharmacokinetic Study with Immunocompromised Japanese Pediatric Subjects. Antimicrobial Agents and Chemothe-
rapy, 59, 3216-3223. https://doi.org/10.1128/AAC.04993-14 

[52] Tomblyn, M., Chiller, T., Einsele, H., et al. (2009) Guidelines for Preventing Infectious Complications among Hema-
topoietic Cell Transplantation Recipients: A Global Perspective. Biology of Blood and Marrow Transplantation, 15, 
1143-1238. https://doi.org/10.1016/j.bbmt.2009.06.019 

[53] Wingard, J. (2010) Antifungal Management. Biology of Blood and Marrow Transplantation, 16, 441-442.  
https://doi.org/10.1016/j.bbmt.2008.05.011 

[54] Dvorak, C.C., Fisher, B.T., Sung, L., et al. (2012) Antifungal Prophylaxis in Pediatric Hematology/Oncology: New 
Choices & New Data. Pediatric Blood & Cancer, 59, 21-26. https://doi.org/10.1002/pbc.23415 

[55] Welzen, M.E., Brüggemann, R.J., Van Den Berg, J.M., et al. (2011) A Twice Daily Posaconazole Dosing Algorithm 
for Children with Chronic Granulomatous Disease. The Pediatric Infectious Disease Journal, 30, 794-797.  
https://doi.org/10.1097/INF.0b013e3182195808 

[56] Aguilar, C., Malphettes, M., Donadieu, J., et al. (2014) Prevention of Infections during Primary Immunodeficiency. 
Clinical Infectious Diseases, 59, 1462-1470. https://doi.org/10.1093/cid/ciu646 

[57] Naderibeni, F., Fattahi, F., Mirshafiey, A., Ansari, M., Mohsenzadegan, M., Movahedi, M., Pourpak, Z., et al. (2012) 
Increased Production of Nitric Oxide by Neutrophils from Patients with Chronic Granulomatous Disease on Interfe-
ron-Gamma Treatment. International Immunopharmacology, 12, 689-693.  
https://doi.org/10.1016/j.intimp.2012.01.016 

[58] International Chronic Granulomatous Disease Cooperative Study Group (1991) A Controlled Trial of Interferon Gam-
ma to Prevent Infection in Chronic Granulomatous Disease. The New England Journal of Medicine, 324, 509-516.  
https://doi.org/10.1056/NEJM199102213240801 

[59] Oikonomou, V., Moretti, S., Renga, G., Galosi, C., Borghi, M., Pariano, M., Puccetti, M., Palmerini, C.A., Amico, L., 
Carotti, A., Prezioso, L., Spolzino, A., Finocchi, A., Rossi, P., Velardi, A., Aversa, F., Napolioni, V. and Romani, L. 
(2016) Noncanonical Fungal Autophagy Inhibits in Flammation in Response to IFN-Gamma via DAPK1. Cell Host & 
Microbe, 20, 744-757. https://doi.org/10.1016/j.chom.2016.10.012 

[60] Leiding, J.W. and Holland, S.M. (2020) Chronic Granulomatous Disease. In: Sullivan, K.E. and Stiehm, E.R., Eds., 
Stiehm’s Immune Deficiencies, 2nd Edition, Academic Press, Cambridge, MA, 829-847. 
https://doi.org/10.1016/B978-0-12-816768-7.00037-5 

[61] Uzel, G., Orange, J.S., Poliak, N., Marciano, B.E., Heller, T. and Holland, S.M. (2010) Complications of Tumor Ne-
crosis Factor—A Blockade in Chronic Granulomatous Disease-Related Colitis. Clinical Infectious Diseases, 51, 
1429-1434. https://doi.org/10.1086/657308 

[62] Vinh, D.C., Freeman, A.F., Shea, Y.R., Malech, H.L., Abinun, M., Weinberg, G.A., et al. (2009) Mucormycosis in 
Chronic Granulomatous Disease: Association with Iatrogenic Immunosuppression. Journal of Allergy and Clinical 
Immunology, 123, 1411-1413. https://doi.org/10.1016/j.jaci.2009.02.020 

[63] Freeman, A.F., Marciano, B.E., Anderson, V.L., Uzel, G., Costas, C. and Holland, S.M. (2011) Corticosteroids in the 
Treatment of Severe Nocardia Pneumonia in Chronic Granulomatous Disease. The Pediatric Infectious Disease Jour-
nal, 30, 806-808. https://doi.org/10.1097/INF.0b013e318218181d 

[64] Straughan, D.M., McLoughlin, K.C., Mullinax, J.E., Marciano, B.E., Freeman, A.F., Anderson, V.L., et al. (2018) The 
Changing Paradigm of Management of Liver Abscesses in Chronic Granulomatous Disease. Clinical Infectious Dis-

https://doi.org/10.12677/acm.2022.124529
https://doi.org/10.3201/eid1609.091800
https://doi.org/10.1056/NEJMoa021931
https://doi.org/10.1097/INF.0b013e3181f13b23
https://doi.org/10.1093/cid/cir731
https://doi.org/10.1093/jpids/piy016
https://doi.org/10.1002/pbc.24847
https://doi.org/10.1128/AAC.04993-14
https://doi.org/10.1016/j.bbmt.2009.06.019
https://doi.org/10.1016/j.bbmt.2008.05.011
https://doi.org/10.1002/pbc.23415
https://doi.org/10.1097/INF.0b013e3182195808
https://doi.org/10.1093/cid/ciu646
https://doi.org/10.1016/j.intimp.2012.01.016
https://doi.org/10.1056/NEJM199102213240801
https://doi.org/10.1016/j.chom.2016.10.012
https://doi.org/10.1016/B978-0-12-816768-7.00037-5
https://doi.org/10.1086/657308
https://doi.org/10.1016/j.jaci.2009.02.020
https://doi.org/10.1097/INF.0b013e318218181d


洪郢雪，于洁 
 

 

DOI: 10.12677/acm.2022.124529 3658 临床医学进展 
 

eases, 66, 1427-1434. https://doi.org/10.1093/cid/cix1012 
[65] Siddiqui, S., Anderson, V.L., Hilligoss, D.M., Abinun, M., Kuijpers, T.W., Masur, H., et al. (2007) Fulminant Mulch 

Pneumonitis: An Emergency Presentation of Chronic Granulomatous Disease. Clinical Infectious Diseases, 45, 673-681.  
https://doi.org/10.1086/520985 

[66] Leiding, J.W., Freeman, A.F., Marciano, B.E., Anderson, V.L., Uzel, G., Malech, H.L., et al. (2012) Corticosteroid 
Therapy for Liver Abscess in Chronic Granulomatous Disease. Clinical Infectious Diseases, 54, 694-700.  
https://doi.org/10.1093/cid/cir896 

[67] Doudna, J.A. and Charpentier, E. (2014) Genome Editing. The New Frontier of Genome Engineering with CRISPR-Cas9. 
Science, 346, Article No. 1258096. https://doi.org/10.1126/science.1258096 

[68] de Luca, A., Smeekens, S.P., Casagrande, A., Iannitti, R., Conway, K.L., Gresnigt, M.S., Begun, J., et al. (2014) IL-1 
Receptor Blockade Restores Autophagy and Reduces Inflammation in Chronic Granulomatous Disease in Mice and in 
Humans. Proceedings of the National Academy of Sciences of the United States of America, 111, 3526-3531.  
https://doi.org/10.1073/pnas.1322831111 

[69] Hahn, K.J., Ho, N., Yockey, L., Kreuzberg, S., Daub, J., Rump, A., Marciano, B.E., Quezado, M., Malech, H.L., Hol-
land, S.M., Heller, T. and Zerbe, C.S. (2015) Treatment with Anakinra, a Recombinant IL-1 Receptor Antagonist, Un-
likely to Induce Lasting Remission in Patients with CGD Colitis. American Journal of Gastroenterology, 110, 938-939.  
https://doi.org/10.1038/ajg.2015.135 

[70] Gabrion, A., Hmitou, I., Moshous, D., Neven, B., Lefevre-Utile, A., Diana, J.S., Suarez, F., et al. (2017) Mammalian 
Target of Rapamycin Inhibition Counterbalances the Inflammatory Status of Immune Cells in Patients with Chronic 
Granulomatous Disease. Journal of Allergy and Clinical Immunology, 139, 1641-1649.e1646.  
https://doi.org/10.1016/j.jaci.2016.08.033 

[71] Fernandez-Boyanapalli, R.F., Frasch, S.C., Thomas, S.M., Malcolm, K.C., Nicks, M., Harbeck, R.J., Jakubzick, C.V., 
et al. (2015) Pioglitazone Restores Phagocyte Mitochondrial Oxidants and Bactericidal Capacity in Chronic Granulo-
matous Disease. Journal of Allergy and Clinical Immunology, 135, 517-527.e512.  
https://doi.org/10.1016/j.jaci.2014.10.034 

[72] Hule, G.P., Bargir, U.A., Kulkarni, M., Kambli, P., Taur, P., Desai, M. and Madkaikar, M.R. (2019) Does Pioglitazone 
Lead to Neutrophil Extracellular Traps Formation in Chronic Granulomatous Disease Patients? Frontiers in Immunol-
ogy, 10, Article 1739. https://doi.org/10.3389/fimmu.2019.01739 

[73] Fernandez-Boyanapalli, R., Frasch, S.C., Riches, D.W., Vandivier, R.W., Henson, P.M. and Bratton, D.L. (2010) 
PPARγ Activation Normalizes Resolution of Acute Sterile Inflammation in Murine Chronic Granulomatous Disease. 
Blood, 116, 4512-4522. https://doi.org/10.1182/blood-2010-02-272005 

[74] Connelly, J.A., Marsh, R., Parikh, S. and Talano, J.A. (2018) Allogeneic Hematopoietic Cell Transplantation for 
Chronic Granulomatous Disease: Controversies and State of the Art. Journal of the Pediatric Infectious Diseases So-
ciety, 7, S31-S39. https://doi.org/10.1093/jpids/piy015 

[75] Åhlin, A. and Fasth, A. (2015) Chronic Granulomatous Disease—Conventional Treatment vs. Hematopoietic Stem 
Cell Transplantation: An Update. Current Opinion in Hematology, 22, 41-45.  
https://doi.org/10.1097/MOH.0000000000000097 

[76] Morris, E.C. (2020) HCT for CGD? Yes, and the Sooner the Better. Blood, 136, 1121-1123.  
https://doi.org/10.1182/blood.2020007891 

[77] Yonkof, J.R., Gupta, A., Fu, P., Garabedian, E. and Dalal, J. (2019) Role of Allogeneic Hematopoietic Stem Cell 
Transplant for Chronic Granulomatous Disease (CGD): A Report of the United States Immunodeficiency Network. 
Journal of Clinical Immunology, 39, 448-458. https://doi.org/10.1007/s10875-019-00635-2 

[78] Dunogué, B., Pilmis, B., Mahlaoui, N., Elie, C., Coignard-Biehler, H., Amazzough, K., et al. (2017) Chronic Granu-
lomatous Disease in Patients Reaching Adulthood: A Nationwide Study in France. Clinical Infectious Diseases, 64, 
767-775. https://doi.org/10.1093/cid/ciw837 

[79] DiMatteo, M.R., Giordani, P.J., Lepper, H.S. and Croghan, T.W. (2002) Patient Adherence and Medical Treatment 
Outcomes: A Meta-Analysis. Medical Care, 40, 794-811. https://doi.org/10.1097/00005650-200209000-00009 

[80] Mackner, L.M. and Crandall, W.V. (2005) Oral Medication Adherence in Pediatric Inflammatory Bowel Disease. In-
flammatory Bowel Diseases, 11, 1006-1012. https://doi.org/10.1097/01.MIB.0000186409.15392.54 

[81] Dobbels, F., Van Damme-Lombaert, R., Vanhaecke, J. and De Geest, S. (2005) Growing Pains: Non-Adherence with 
the Immunosuppressive Regimen in Adolescent Transplant Recipients. Pediatric Transplantation, 9, 381-390.  
https://doi.org/10.1111/j.1399-3046.2005.00356.x 

[82] Heng, T.S., Goldberg, G.L., Gray, D.H., Sutherland, J.S., Chidgey, A.P. and Boyd, R.L. (2005) Effects of Castration on 
Thymocyte Development in Two Different Models of Thymic Involution. The Journal of Immunology, 175, 2982-2993.  
https://doi.org/10.4049/jimmunol.175.5.2982 

https://doi.org/10.12677/acm.2022.124529
https://doi.org/10.1093/cid/cix1012
https://doi.org/10.1086/520985
https://doi.org/10.1093/cid/cir896
https://doi.org/10.1126/science.1258096
https://doi.org/10.1073/pnas.1322831111
https://doi.org/10.1038/ajg.2015.135
https://doi.org/10.1016/j.jaci.2016.08.033
https://doi.org/10.1016/j.jaci.2014.10.034
https://doi.org/10.3389/fimmu.2019.01739
https://doi.org/10.1182/blood-2010-02-272005
https://doi.org/10.1093/jpids/piy015
https://doi.org/10.1097/MOH.0000000000000097
https://doi.org/10.1182/blood.2020007891
https://doi.org/10.1007/s10875-019-00635-2
https://doi.org/10.1093/cid/ciw837
https://doi.org/10.1097/00005650-200209000-00009
https://doi.org/10.1097/01.MIB.0000186409.15392.54
https://doi.org/10.1111/j.1399-3046.2005.00356.x
https://doi.org/10.4049/jimmunol.175.5.2982


洪郢雪，于洁 
 

 

DOI: 10.12677/acm.2022.124529 3659 临床医学进展 
 

[83] Simo Arredouani, M. (2014) New Insights into Androgenic Immune Regulation. OncoImmunology, 3, e954968.  
https://doi.org/10.4161/21624011.2014.954968 

[84] Kissick, H.T., Sanda, M.G., Dunn, L.K., Pellegrini, K.L., On, S.T., Noel, S.K., et al. (2014) Androgens alter T-Cell 
Immunity by Inhibiting T-Helper 1 Differentiation. Proceedings of the National Academy of Sciences of the United 
States of America, 111, 9887-9892. https://doi.org/10.1073/pnas.1402468111 

[85] Güngör, T. and Chiesa, R. (2020) Cellular Therapies in Chronic Granulomatous Disease. Frontiers in Pediatrics, 8, 
Article 327. https://doi.org/10.3389/fped.2020.00327 

[86] Seger, R.A., Gungor, T., Belohradsky, B.H., Blanche, S., Bordigoni, P., et al. (2002) Treatment of Chronic Granulo-
matous Disease with Myeloablative Conditioning and an Unmodified Hemopoietic Allograft: A Survey of the Euro-
pean Experience, 1985-2000. Blood, 100, 4344-4350. https://doi.org/10.1182/blood-2002-02-0583 

[87] Hill, G.R., Teshima, T., Rebel, V.I., et al. (2000) T The p55 TNF-α Receptor Plays a Critical Role in T Cell Alloreac-
tivity. The Journal of Immunology, 164, 656-663. https://doi.org/10.4049/jimmunol.164.2.656 

[88] King, J., Henriet, S.S.V. and Warris, A. (2016) Aspergillosis in Chronic Granulomatous Disease. Journal of Fungi 
(Basel), 2, Article 15. https://doi.org/10.3390/jof2020015 

[89] Warris, A., Lehrnbecher, T., Roilides, E., et al. (2019) ESCMID-ECMM Guideline: Diagnosis and Management of In-
vasive Aspergillosis in Neonates and Children. Clinical Microbiology and Infection, 25, 1096-1113.  
https://doi.org/10.1016/j.cmi.2019.05.019 

[90] Patterson, T.F., Thompson, G.R., Denning, D.W., et al. (2016) Practice Guidelines for the Diagnosis and Management 
of Aspergillosis: 2016 Update by the Infectious Diseases Society of America. Clinical Infectious Diseases, 63, e1-e60.  
https://doi.org/10.1093/cid/ciw326 

[91] Dedieu, C., Landwehr-Kenzel, S., Thee, S., Oevermann, L., Voigt, S., Marggraf, K., Schulte, J., Lau, S., Roesler, J., 
Kuehl, J.S. and von Bernuth, H. (2021) Hematopoietic Stem Cell Transplantation Cures Therapy-Refractory Aspergil-
losis in Chronic Granulomatous Disease. The Pediatric Infectious Disease Journal, 40, 649-654.  
https://doi.org/10.1097/INF.0000000000003109 

[92] Gragert, L., Eapen, M., Williams, E., Freeman, J., Spellman, S., Baitty, R., Hartzman, R., Rizzo, J.D., Horowitz, M., 
Confer, D. and Maiers, M. (2014) HLA Match Likelihoods for Hematopoietic Stem-Cell Grafts in the U.S. Registry. 
The New England Journal of Medicine, 371, 339-348. https://doi.org/10.1056/NEJMsa1311707 

[93] de la Morena, M.T. and Nelson Jr., R.P. (2014) Recent Advances in Transplantation for Primary Immune Deficiency 
Diseases: A Comprehensive Review. Clinical Reviews in Allergy & Immunology, 46, 131-144.  
https://doi.org/10.1007/s12016-013-8379-6 

[94] Tang, X., Zhang, Y., Jing, Y., Lu, W., Xu, S., Cao, X., Huang, Y., Yang, H. and Wu, N. (2020) Allogeneic Hemato-
poietic Stem Cell Transplantation Using Unrelated Cord Blood or Unmanipulated Haploidentical Donors Is Effective 
in Pediatric Chronic Granulomatous Disease with Inflammatory Complications and Severe Infection. Bone Marrow 
Transplantation, 55, 1875-1878. https://doi.org/10.1038/s41409-020-0864-y 

[95] Hoenig, M., Niehues, T., Siepermann, K., Jacobsen, E.M., Schütz, C., Furlan, I., et al. (2014) Successful HLA Haploi-
dentical Hematopoietic SCT in Chronic Granulomatous Disease. Bone Marrow Transplantation, 49, 1337-1338.  
https://doi.org/10.1038/bmt.2014.125 

[96] Parta, M., Hilligoss, D., Kelly, C., Kwatemaa, N., Theobald, N., Malech, H., et al. (2015) Haploidentical Hematopoie-
tic Cell Transplantation with Posttransplant Cyclophosphamide in a Patient with Chronic Granulomatous Disease and 
Active Infection: A First Report. Journal of Clinical Immunology, 35, 675-680.  
https://doi.org/10.1007/s10875-015-0204-y 

[97] Shah, R.M., Elfeky, R., Nademi, Z., Qasim, W., Amrolia, P., Chiesa, R., et al. (2018) T-Cell Receptor αβ+ and CD19+ 
Cell-Depleted Haploidentical and Mismatched Hematopoietic Stem Cell Transplantation in Primary Immune Defi-
ciency. Journal of Allergy and Clinical Immunology, 141, 1417-1426.E1. https://doi.org/10.1016/j.jaci.2017.07.008 

[98] Regueiro-Garcia, A., Farina-Nogueira, S., Porto-Arceo, J.A. and CouseloSanchez, J.M. (2018) Haploidentical Stem 
Cell Transplantation in a Boy with Chronic Granulomatous Disease. Allergologia et Immunopathologia (Madr), 46, 
385-388. https://doi.org/10.1016/j.aller.2017.09.020 

[99] Frassoni, F., Labopin, M., Gluckman, E., Prentice, H.G., Vernant, J.P., Zwaan, F., et al. (1996) Results of Allogeneic 
Bone Marrow Transplantation for Acute Leukemia Have Improved in Europe with Time—A Report of the Acute Leu-
kemia Working Party of the European Group for Blood and Marrow Transplantation (EBMT). Bone Marrow Trans-
plantation, 17, 13-18. 

[100] Stern, M., Brand, R., de Witte, T., Sureda, A., Rocha, V., Passweg, J., et al. (2008) Female-versus-Male Alloreactivity 
as a Model for Minor Histocompatibility Antigens in Hematopoietic Stem Cell Transplantation. American Journal of 
Transplantation, 8, 2149-2157. https://doi.org/10.1111/j.1600-6143.2008.02374.x 

[101] Kongtim, P., Di Stasi, A., Rondon, G., Chen, J., Adekola, K., Popat, U., et al. (2015) Can a Female Donor for a Male 

https://doi.org/10.12677/acm.2022.124529
https://doi.org/10.4161/21624011.2014.954968
https://doi.org/10.1073/pnas.1402468111
https://doi.org/10.3389/fped.2020.00327
https://doi.org/10.1182/blood-2002-02-0583
https://doi.org/10.4049/jimmunol.164.2.656
https://doi.org/10.3390/jof2020015
https://doi.org/10.1016/j.cmi.2019.05.019
https://doi.org/10.1093/cid/ciw326
https://doi.org/10.1097/INF.0000000000003109
https://doi.org/10.1056/NEJMsa1311707
https://doi.org/10.1007/s12016-013-8379-6
https://doi.org/10.1038/s41409-020-0864-y
https://doi.org/10.1038/bmt.2014.125
https://doi.org/10.1007/s10875-015-0204-y
https://doi.org/10.1016/j.jaci.2017.07.008
https://doi.org/10.1016/j.aller.2017.09.020
https://doi.org/10.1111/j.1600-6143.2008.02374.x


洪郢雪，于洁 
 

 

DOI: 10.12677/acm.2022.124529 3660 临床医学进展 
 

Recipient Decrease the Relapse Rate for Patients with Acute Myeloid Leukemia Treated with Allogeneic Hematopoie-
tic Stem Cell Transplantation? Biology of Blood and Marrow Transplantation, 21, 713-719.  
https://doi.org/10.1016/j.bbmt.2014.12.018 

[102] Nannya, Y., Kataoka, K., Hangaishi, A., Imai, Y., Takahashi, T. and Kurokawa, M. (2011) The Negative Impact of 
Female Donor/Male Recipient Combination in Allogeneic Hematopoietic Stem Cell Transplantation Depends on Dis-
ease Risk. Transplant International: Official Journal of the European Society for Organ Transplantation, 24, 469-476.  
https://doi.org/10.1111/j.1432-2277.2011.01229.x 

[103] Bhattacharya, A., Slatter, M., Curtis, A., Chapman, C.E., Barge, D., Jackson, A., et al. (2003) Successful Umbilical 
Cord Blood Stem Cell Transplantation for Chronic Granulomatous Disease. Bone Marrow Transplantation, 31, 403-405.  
https://doi.org/10.1038/sj.bmt.1703863 

[104] Lin, C.J., Wang, S.C., Ku, C.L., Kao, J.K., Chen, M. and Liu, C.S. (2015) Successful Unrelated Cord Blood Stem Cell 
Transplantation in an X-Linked Chronic Granulomatous Disease Patient with Disseminated BCG-Induced Infection. 
Pediatrics & Neonatology, 56, 346-350. https://doi.org/10.1016/j.pedneo.2013.04.001 

[105] Soncini, E., Slatter, M.A., Jones, L.B., Hughes, S., Hodges, S., Flood, T.J., et al. (2009) Unrelated Donor and 
HLA-Identical Sibling Haematopoietic Stem Cell Transplantation Cure Chronic Granulomatous Disease with Good 
Long-Term Outcome and Growth. British Journal of Haematology, 145, 73-83.  
https://doi.org/10.1111/j.1365-2141.2009.07614.x 

[106] Gungor, T., Teira, P., Slatter, M., Stussi, G., Stepensky, P., Moshous, D., et al. (2014) Reduced-Intensity Conditioning 
and HLA-Matched Haemopoietic Stem-Cell Transplantation in Patients with Chronic Granulomatous Disease: A Prospec-
tive Multicentre Study. The Lancet, 383, 436-448. https://doi.org/10.1016/S0140-6736(13)62069-3 

[107] Morillo-Gutierrez, B., Beier, R., Rao, K., Burroughs, L., Schulz, A., Ewins, A.M., et al. (2016) Treosulfan-Based Con-
ditioning for Allogeneic HSCT in Children with Chronic Granulomatous Disease: A Multicenter Experience. Blood, 
128, 440-448. https://doi.org/10.1182/blood-2016-03-704015 

[108] Ozyurek, E., Cowan, M.J., Koerper, M.A., Baxter-Lowe, L.A., Dvorak, C.C. and Horn, B.N. (2008) Increasing Mixed 
Chimeric and the Risk of Graft Loss in Children Undergoing Allogeneic Hematopoietic Stem Cell Transplantation for 
Non-Malignant Disorders. Bone Marrow Transplantation, 42, 83-91. https://doi.org/10.1038/bmt.2008.89 

[109] Olsson, R., Remberger, M., Schaffer, M., Berggren, D.M., Svahn, B.M., Mattsson, J., et al. (2013) Graft Failure in the 
Modern Era of Allogeneic Hematopoietic SCT. Bone Marrow Transplantation 48, 537-543.  
https://doi.org/10.1038/bmt.2012.239 

[110] Oshrine, B., Morsheimer, M., Heimall, J. and Bunin, N. (2015) Reduced-Intensity Conditioning for Hematopoietic Cell 
Transplantation of Chronic Granulomatous Disease. Pediatric Blood & Cancer, 62, 359-361.  
https://doi.org/10.1002/pbc.25225 

[111] Lum, S.H., Flood, T., Hambleton, S., McNaughton, P., Watson, H., Abinun, M., et al. (2019) Two Decades of Excel-
lent Transplant Survival for Chronic Granulomatous Disease: A Supraregional Immunology Transplant Center Report. 
Blood, 133, 2546-2549. https://doi.org/10.1182/blood.2019000021 

[112] Boztug, H., Zecca, M., Sykora, K.W., Veys, P., Lankester, A., Slatter, M., et al. (2015) Treosulfan-Based Conditioning 
Regimens for Allogeneic HSCT in Children with Acute Lymphoblastic Leukaemia. Annals of Hematology, 94, 297-306.  
https://doi.org/10.1007/s00277-014-2196-8 

[113] Parta, M., Kelly, C., Kwatemaa, N., Theobald, N., Hilligoss, D., Qin, J., et al. (2017) Allogeneic Reduced-Intensity 
Hematopoietic Stem Cell Transplantation for Chronic Granulomatous Disease: A Single-Center Prospective Trial. Journal 
of Clinical Immunology, 37, 548-558. https://doi.org/10.1007/s10875-017-0422-6 

[114] Kohn, D.B., Booth, C., Kang, E.M., Pai, S.Y., Shaw, K.L., Santilli, G., et al. (2020) Lentiviral Gene Therapy for 
X-Linked Chronic Granulomatous Disease. Nature Medicine, 26, 200-206. https://doi.org/10.1038/s41591-019-0735-5 

[115] Malech, H.L., Booth, C., Kang, E.M., Pai, S.Y., Shaw, K.L., Santilli, G., et al. (2019) Lentiviral Vector Gene Therapy 
for X-Linked Chronic Granulomatous Disease Corrects Neutrophil Function. Journal of Clinical Immunology, 39, 
S45-S46. 

[116] Ott, M.G., Schmidt, M., Schwarzwaelder, K., Stein, S., Siler, U., Koehl, U., et al. (2006) Correction of X-Linked 
chronic Granulomatous Disease by Gene Therapy, Augmented by Insertional Activation of MDS1-EVI1, PRDM16 or 
SETBP1. Nature Medicine, 12, 401-409. https://doi.org/10.1038/nm1393 

[117] Kang, E.M., Choi, U., Theobald, N., Linton, G., Long Priel, D.A., Kuhns, D. and Malech, H.L. (2010) Retrovirus Gene 
Therapy for X-Linked Chronic Granulomatous Disease Can Achieve Stable Long-Term Correction of Oxidase Activity 
in Peripheral Blood Neutrophils. Blood, 115, 783-791. https://doi.org/10.1182/blood-2009-05-222760 

[118] Gajendran, M., Loganathan, P., Catinella, A.P. and Hashash, J.G. (2018) A Comprehensive Review and Update on 
Crohn’s Disease. Disease-a-Month, 64, 20-57. https://doi.org/10.1016/j.disamonth.2017.07.001 

[119] Joung, J.K. and Sander, J.D. (2013) TALENs: A Widely Applicable Technology for Targeted Genome Editing. Nature 

https://doi.org/10.12677/acm.2022.124529
https://doi.org/10.1016/j.bbmt.2014.12.018
https://doi.org/10.1111/j.1432-2277.2011.01229.x
https://doi.org/10.1038/sj.bmt.1703863
https://doi.org/10.1016/j.pedneo.2013.04.001
https://doi.org/10.1111/j.1365-2141.2009.07614.x
https://doi.org/10.1016/S0140-6736(13)62069-3
https://doi.org/10.1182/blood-2016-03-704015
https://doi.org/10.1038/bmt.2008.89
https://doi.org/10.1038/bmt.2012.239
https://doi.org/10.1002/pbc.25225
https://doi.org/10.1182/blood.2019000021
https://doi.org/10.1007/s00277-014-2196-8
https://doi.org/10.1007/s10875-017-0422-6
https://doi.org/10.1038/s41591-019-0735-5
https://doi.org/10.1038/nm1393
https://doi.org/10.1182/blood-2009-05-222760
https://doi.org/10.1016/j.disamonth.2017.07.001


洪郢雪，于洁 
 

 

DOI: 10.12677/acm.2022.124529 3661 临床医学进展 
 

Reviews Molecular Cell Biology, 14, 49-55. https://doi.org/10.1038/nrm3486 
[120] Urnov, F.D., Rebar, E.J., Holmes, M.C., Zhang, H.S. and Gregory, P.D. (2010) Genome Editing with Engineered Zinc 

Finger Nucleases. Nature Reviews Genetics, 11, 636-646. https://doi.org/10.1038/nrg2842 

https://doi.org/10.12677/acm.2022.124529
https://doi.org/10.1038/nrm3486
https://doi.org/10.1038/nrg2842

	造血干细胞移植治疗儿童慢性肉芽肿病进展
	摘  要
	关键词
	Progress in Treating Chronic Granulomatous Disease with Hematopoietic Stem Cell Transplantation
	Abstract
	Keywords
	1. 背景
	2. 分子遗传学及临床表现
	3. 诊断
	4. 传统治疗
	4.1. 预防
	4.2. 急性感染
	4.3. 自身免疫性疾病

	5. 造血干细胞移植
	6. 基因治疗
	7. 结语
	参考文献

