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Promega 公司 
普洛麦格公司（Promega Corporation）成立于 1978 年，总部设在美国威斯康星州麦迪逊市，在

16 个国家设有分公司，在全球范围内还有 50 多个经销商，服务全球 100 多个国家。普洛麦格公

司是为生命科学产业提供创新型解决方案和技术支持的领导者。公司拥有 3,000 多种产品，致力

于提高全球范围内的科学家对基因组学、蛋白质组学、细胞分析、分子诊断和遗传鉴定等领域的

认知。

普洛麦格产品不仅被生命科学研究者用于对生物学基本问题的理论研究，也被广泛应用于应用科

学领域，以帮助诊断、疾病治疗、发现新的治疗方法及应用遗传和 DNA 测试进行人类遗传鉴定。

普洛麦格公司在多个重要领域拥有重要知识产权和许可，包括：

● 生物发光，包括基因工程改造的荧光素酶、荧光素酶载体和底物

● 短串联重复（STR）分析用于基于 STR 分析的细胞系鉴定、人类遗传鉴定、细胞和组织鉴定

及混合样本检测

● Halo Tag® 蛋白标记和捕获技术



微卫星不稳定性及 DNA 错配修复

微卫星是短串联重复 DNA 序列，长度为 1-6 个碱基对。这些重复序列广泛存在于基因组中，并且由于其

在基因座位点串联重复次数不同，这些重复序列的长度在不同个体中经常有差异。微卫星标志物可以用

于检测微卫星不稳定性（基因组不稳定性的一种）。微卫星不稳定（Microsatellite Instability，MSI）是

微卫星等位基因长度的改变，这种改变是由于 DNA 复制过程中重复单元的插入或删除以及 DNA 错配修

复系统纠错失败造成的。

=微卫星不稳定性及DNA错配修复

微卫星是短串联重复DNA序列，长度为1-6个碱基对。这些重复序列广泛存在于基因组中，并且由于其在每一基因座位点串

联重复次数不同，这些重复序列的长度在不同个体中经常有差异。微卫星标志物可以用于检测微卫星不稳定性（基因组不稳

定性的一种）。微卫星不稳定（Microsatellite Instability，MSI）是微卫星等位基因长度的改变，这种改变是由于DNA复制

过程中重复单元的插入或删除以及DNA错配修复系统纠错失败造成的。

DNA错配修复（DNA mismatch repair system，MMR）是一类能识别并修复DNA复制及重组过程中的碱基的错误插入、

删除或错配的系统，该修复系统主要包括4个蛋白，MLH、MSH2、MSH6和PMS2。微卫星对MMR易感，MMR系统正常

时呈现微卫星稳定（Microsatellite Stable， MSS），缺失某个MMR蛋白功能时导致MMR系统缺陷，致微卫星复制错误

累积，呈现为微卫星不稳定（MSI）。组织出现MSI也即意味着DNA错配修复系统（MMR）失活。最新的研究表明：伴随

着MMR失活的MSI表型是临床上一项重要的肿瘤标志物。

标志物类别 标志物名称 主要重复序列
片段大小范围
（bp）1 标记染料2 功能说明

单核苷酸标志物

NR-21 (A)21 94–101 JOE

检测MSI3

BAT-26 (A)26 103–115 FL

BAT-25 (A)25 114–124 JOE

NR-24 (A)24 130–133 TMR

MONO-27 (A)27 142–154 JOE

五核苷酸标志物

Penta C (AAAAG)3–15 143–194 TMR
识别潜在样本混
杂或污染

Penta D (AAAAG)2–17 135–201 FL

1等位基因大小是用ABI PRISM® 3100遗传分析仪、 POP-4™ 胶和36cm毛细管测定的。大小在表中所列范围之外的罕见等位基因可能存在。 当使
用不同电泳胶或不同仪器配置时，等位基因大小可能会有变化。
2TMR = carboxy-tetramethylrhodamine; FL = fluorescein; JOE = 6-carboxy-4′,5′-dichloro-2′,7′-dimethoxyfluorescein
3微卫星稳定（MSS）：单核苷酸标志物没有变化；微卫星低度不稳定（MSI-L）：单核苷酸标志物有1个发生改变；微卫星高度不稳定（MSI-
H）：单核苷酸标志物≥ 两个发生改变
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DNA 错配修复（DNA mismatch repair system，MMR）是一类能识别并修复 DNA 复制及重组过程中的碱基

的错误插入、删除或错配的系统，该修复系统主要包括 4 个蛋白，MLH、MSH2、MSH6 和 PMS2。微卫星对

MMR 易感，MMR 系统正常时呈现微卫星稳定（Microsatellite Stable， MSS），缺失某个 MMR 蛋白功能时导

致 MMR 系统缺陷，致微卫星复制错误累积，呈现为微卫星不稳定（MSI）。组织出现 MSI 也即意味着 DNA 错

配修复系统（MMR）失活。最新的研究表明：伴随着 MMR 失活的 MSI 表型是临床上一项重要的肿瘤标志物。

1 等位基因大小是用 ABI PRISM® 3100 遗传分析仪、POP-4TM 胶和 36cm 毛细管测定的。大小在表中所列范围之外的罕见等位基因可能存在。当使用不同电泳胶或不

同仪器配置时，等位基因大小可能会有变化。

2 TMR = carboxy-tetramethylrhodamine；FL = fluorescein；JOE = 6-carboxy-4′，5′-dichloro-2′，7′-dimethoxyfluorescein

3 微卫星稳定 (MSS)：单核苷酸标志物没有变化；微卫星低度不稳定 (MSI-L)：单核苷酸标志物有 1 个发生改变；微卫星高度不稳定 (MSI-H)：单核苷酸标志物≥ 两个

发生改变
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标志物类别 标志物名称 主要重复序列
片段大小范围

（bp）1 标记染料 2 功能说明

单核苷酸标志物

NR-21 (A)21 94–101 JOE

检测 MSI3

BAT-26 (A)26 103–115 FL

BAT-25 (A)25 114–124 JOE

NR-24 (A)24 130–133 TMR

MONO-27 (A)27 142–154 JOE

五核苷酸标志物
Penta C (AAAAG)3–15 143–194 TMR 识别潜在样本混

杂或污染Penta D (AAAAG)2–17 135–201 FL



MSI 检测用于筛查林奇综合症

结直肠癌（Colorectal Cancer, CRC）发生的遗传因素包括染色体不稳定性（Chromosome Instability, 
CIN）和微卫星不稳定性（Microsatellite Instability, MSI）。约 80-85% 的结直肠癌由 CIN 引起，包括

家族性腺瘤性息肉病（Familial adenomatous polyposis, FAP）和散发性 CRC（APC、P53、DCC、

KRAS 等基因突变）；而另外 15-20% 的 CRC 则主要是由 MSI 引起，包括遗传性非息肉病性结直肠癌

（Hereditary Nonpolyposis Colorectal Cancer, HNPCC）和散发性 MSI 结直肠癌。

遗传性非息肉病性结直肠癌（HNPCC），又称为林奇综合征（Lynch Syndrome ，LS），是一种常染色体显性

遗传病，由于 DNA 错配修复（MMR）基因发生胚系突变所致，约占所有结直肠癌的 3-5%。林奇综合症最突出

的特点之一是携带者本人或家族成员可发生结直肠癌及其他多种 LS 相关肿瘤，包括子宫内膜癌、卵巢癌、泌

尿系肿瘤、胃癌和小肠癌等，其中结直肠癌和子宫内膜癌最为多见。携带者终身患结直肠癌和子宫内膜癌的风

险分别为 80% 和 20-60%。而且携带者发生结直肠癌或其他 LS 相关肿瘤的年龄较轻，结肠癌和子宫内膜癌平

均诊断年龄分别约为 45 岁和 46 岁，显著早于普通人群。

林奇综合征的筛选对患者本人有非常重要的意义。首先，通过积极的肠镜随访，林奇综合征患者第二原发结直

肠癌发病率及死亡率显著降低；其次，林奇综合征携带者发生结直肠癌的时间显著短于散发性 CRC，因此肠镜

的复查频率（每 1-2 年一次）要显著高于散发性 CRC 患者；第三，林奇综合症筛查可指导手术治疗方案的制定，

例如对林奇综合征患者行预防性全结肠切除或对完成生育后的妇女考虑行预防性的子宫和双附件切除。

同时，林奇综合征的筛选对患者家属成员亦非常重要。确诊林奇综合征能够指导患者家属接受 LS 相关肿瘤的

筛查，降低其发病率和死亡率。同时，由于 LS 携带者结直肠癌的发病年龄显著早于普通人群，因此接受肠镜

筛查的初次年龄需提前至 20-25 岁。

 推荐对符合以下任意一条诊断标准的人群进行 LS 筛查：

 ● 所有结直肠癌患者

或者

 ● 被确诊为 CRC 时患者年龄＜ 70 岁，或患者≥ 70 岁但满足 Bethesda 标准的患者。

  LS 筛查可以通过以下方案进行

 ● 微卫星不稳定性（MSI）检测

或

 ● 免疫组化（IHC），对 4 个错配修复蛋白（MLH1，MSH2，MSH6，PMS2）进行检测，并在 MLH1 蛋白缺失时进行

BRAF 或 MLH1 启动子甲基化检测

 ● 对于 MSI-H 或 IHC 检测错配修复蛋白缺失并排除 MLH1 启动子甲基化的患者，应进行癌症遗传学咨询并进做一步的检测

美国国立综合癌症网络（NCCN ）《结直肠癌筛查指南》



林奇综合症筛查方案

 MSI 检测

推荐，有更好的灵敏度

标准化的检测流程，诊断结果客观、易判读

基本不受样本质量、实验操作影响，可重复性好

功能性检测，不能确定突变基因

 免疫组化（IHC）分析

经典方法学，灵敏度稍低

受样本质量、抗体来源影响大，诊断结果可重复性差

非标准化检测流程，对实验操作有较高要求

可确认突变基因

 DNA 测序

MMR 基因无热点突变，导致数据分析困难

基因突变 / 表型缺乏相关性

遗漏大片段的基因缺失

在缺 MSI 或 IHC 信息的情况下，测序结果不可靠

适用于最终确诊，而非筛查

MSI检测
所有的CRC/EC

样本

BRAF检测

或

MLH1上游启动

子甲基化检测

BRAF野生型

或

MLH1上游启

动子未甲基化

BRAF突变型

或

MLH1上游启

动子甲基化

MSI-H（~25%）

MSS（~75%）

MLH1蛋白缺失IHC检测

其他MMR蛋
白缺失

结束 Lynch
Syndrome

筛查

Lynch Synd
rome 遗传学

咨询(~5%)

注：筛查林奇综合症需要排除非遗传性的 MSI-H 因素，即：患者 MSI 检测结果为 MSI-H，IHC 检测显示 MLH1 蛋白表达缺失，但 MLH1 蛋白表达缺失的原因为 MLH1
上游启动子甲基化，此情况并非由家族性遗传因素引起，应当被排除。BRAF 突变是 MLH1 上游启动子发生甲基化的因素之一，因此使用 MSI + BRAF 联合筛查 能够

排除大部分 MSI-H 但非林奇综合症的情况。



MSI 检测用于 CRC 患者预后及治疗指导

Popat S et al. 在《British Journal of Cancer》杂志上发表的一项纳入了 32 项研究共 7642 例 II 期结直肠癌患

者的荟萃分析结果显示，与 MSS 患者相比，MSI-H 患者死亡风险为 0.65（95%CI, 0.59-0.71），降低高达

35%1。目前已有大量证据表明，MSI-H 是 II 期结直肠癌患者预后良好的一个标志物。

大量证据表明，MSI-H 患者并不能从 5-FU 的辅助化疗中获益，MSI-H 可作为 5-FU 辅助治疗 CRC 无效的预测

标志物。Ribic CM et al. 发表在《New England Journal of Medicine》杂志上的文献数据显示：在 II 期结直肠

癌患者中，MSI-H 患者接受辅助化疗较未经治疗者并无生存优势，5 年生存率反而显著缩短（71% vs. 88%）3。

这表明：对于 MSI-H 的 II 期患者，给予 5-FU 辅助化疗非但不能带来生存获益，反而对患者不利。因此，II 期

CRC 患者是否需要辅助化疗，需要综合考虑临床高危因素和 MSI 状态。

Ⅰ期（A）、 Ⅱ期（B） 、 Ⅲ（E）期癌症的时间 - 复发率生存分析曲线（Kaplan–Meier Plot）2

基于肿瘤微卫星稳定状态的Ⅱ / Ⅲ期肿瘤总生存率生存分析曲线 3
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Figure 2. Kaplan–Meier plots of time to recurrence among patients presenting with stage I (A), stage II (C) and stage III (E) tumours.
Each panel shows relapses for four separate categories of tumour phenotype: diploid MSI (green line), non-diploid MSI (purple line),
diploid MSS (blue line) and non-diploid MSS (orange line). To the right of each panel is a table (B, D and F) showing the distribution of DNA
ploidy status categories among MSI and MSS tumours in that tumour stage. A forest plot (G) summarises the effect of MSI/CIN in the
different stages.
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Figure 2. Kaplan–Meier plots of time to recurrence among patients presenting with stage I (A), stage II (C) and stage III (E) tumours.
Each panel shows relapses for four separate categories of tumour phenotype: diploid MSI (green line), non-diploid MSI (purple line),
diploid MSS (blue line) and non-diploid MSS (orange line). To the right of each panel is a table (B, D and F) showing the distribution of DNA
ploidy status categories among MSI and MSS tumours in that tumour stage. A forest plot (G) summarises the effect of MSI/CIN in the
different stages.
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Figure 2. Kaplan–Meier plots of time to recurrence among patients presenting with stage I (A), stage II (C) and stage III (E) tumours.
Each panel shows relapses for four separate categories of tumour phenotype: diploid MSI (green line), non-diploid MSI (purple line),
diploid MSS (blue line) and non-diploid MSS (orange line). To the right of each panel is a table (B, D and F) showing the distribution of DNA
ploidy status categories among MSI and MSS tumours in that tumour stage. A forest plot (G) summarises the effect of MSI/CIN in the
different stages.
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fluorouracil-based adjuvant chemotherapy was sig-
nificantly and independently associated with surviv-
al (hazard ratio for death, 0.32 [95 percent confi-
dence interval, 0.14 to 0.75]; P=0.008) (Table 4).

However, the analysis of patients who did receive ad-
juvant therapy failed to show significant differences
in overall or disease-free survival according to mi-
crosatellite-instability status (Table 3 and Fig. 1B).

 

Figure 1. Kaplan–Meier Estimates of Overall Survival among Patients with Stage II or Stage III Colon Cancer 
According to the Microsatellite-Instability Status of the Tumor.

 

In the absence of adjuvant chemotherapy, the patients with tumors displaying high-frequency microsatellite instability 
had significantly longer overall survival than patients with tumors exhibiting microsatellite stability or low-frequency mi-
crosatellite instability (hazard ratio for death, 0.31 [95 percent confidence interval, 0.14 to 0.72]; P=0.004)(Panel A). 
When the analysis was limited to the group receiving adjuvant chemotherapy, patients with tumors exhibiting high-fre-
quency microsatellite instability did not have a significant increase in overall survival as compared with patients with tu-
mors exhibiting microsatellite stability or low-frequency microsatellite instability (hazard ratio for death, 1.07 [95 percent 
confidence interval, 0.62 to 1.86]; P=0.80)(Panel B). The analysis included data for eight years from the date of random-
ization.
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在 2015 年美国临床肿瘤年会（The ASCO Annual Meeting）上，来自约翰霍普金斯医院的 Le et al. 公布了

PD-1 抑制剂治疗肠癌的最新进展——“PD-1 抑制剂在错配修复功能缺陷肿瘤中的研究”（NCT01876511 研

究）：PD-1抑制剂对MSI-H的CRC表现出高缓解率，并且在其他MSI-H晚期肿瘤也对PD-1治疗有很好的疗效，

包括子宫内膜癌、胃癌、胆管癌和小肠癌。同日，著名学术期刊《新英格兰医学杂志》（The NEW England 

Journal of Medicine）在线发表了这个研究结果。2017 年 NCCN 临床实践指南更新，推荐 PD-1 抑制剂药物

Pembrolizumab 和 Nivolumab 用于具有 MSI-H 或 dMMR 分子表型的 mCRC 的治疗。

2017 年 5 月 23 日，美国 FDA 批准默沙东（MSD）旗下的 PD-1 抑制剂药物的 Keytruda（Pembrolizumab）

用于治疗 MSI-H 或 dMMR 的实体瘤患者。这是美国 FDA 批准的首款不依照肿瘤来源，而是依照生物标志物进

行区分的抗肿瘤疗法。
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MSI 作为PD-1抑制剂治疗的生物标志物

A：血清生化指标对 Pembrolizumab 治疗的临床反应评价 B：实体瘤治疗疗效评价标准（RECIST） 对
Pembrolizumab 治疗的临床反应评价。

使用 PD-1 抑制剂 Pembrolizumab 治疗的临床反应 1
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Patients in cohort C had faster responses 
than did patients in cohort A (median time to 
response according to RECIST, 12 weeks vs. 28 
weeks; P = 0.03). Furthermore, all 6 patients 
(100%) with mismatch repair–deficient tumors 
that were not associated with the Lynch syn-
drome had an objective response, whereas only 

3 of 11 patients (27%) with tumors associated 
with the Lynch syndrome had a response (Table 
S3 in Supplementary Appendix 2) (P = 0.009). No 
other baseline characteristics had a significant 
association with objective responses.

Among the 18 patients with mismatch re-
pair–proficient colorectal cancers in cohort B, 
no objective responses as defined by RECIST 
were observed (Table 2 and Fig. 1, and Fig. S2 in 
Supplementary Appendix 1). In this group, the 
rate of disease control was 11% (2 of 18 patients; 
95% CI, 1 to 35).

All the patients who had a response as de-
fined by RECIST (Table 2) also had a response 
according to immune-related response criteria 
(Table S2 in Supplementary Appendix 1).

Survival

In the cohort of patients with mismatch repair–
deficient colorectal cancer (cohort A), the medi-
an progression-free survival and median overall 
survival were not reached (Fig. 2). In contrast, 
among the patients with mismatch repair–profi-
cient cancers (cohort B), the median progres-
sion-free survival was only 2.2 months (95% CI, 
1.4 to 2.8), and the median overall survival was 
5.0 months (95% CI, 3.0 to not estimable). In 
cohort C (patients with mismatch repair–defi-
cient noncolorectal cancer), the median progres-
sion-free survival was 5.4 months (95% CI, 3 to 
not estimable), and the median overall survival 
was not reached. A post hoc comparison of the 
cohorts with mismatch repair–deficient and 
mismatch repair–proficient colorectal cancers 
showed hazard ratios for disease progression or 
death (0.10; 95% CI, 0.03 to 0.37; P<0.001) and 
for death (0.22; 95% CI, 0.05 to 1.00; P = 0.05) 
that favored patients with mismatch repair–defi-
cient colorectal cancer (Fig. 2).

To evaluate whether the difference in survival 
might be due to prognostic differences, we mea-
sured the time since the diagnosis of metastatic 
disease and the clinical performance of the 
regimen that patients had received before enroll-
ment. We found that there was no significant 
difference between patients with mismatch re-
pair–deficient colorectal cancer and patients 
with mismatch repair–proficient colorectal can-
cer with respect to the duration of metastatic 
disease (P = 0.77 by the log-rank test) or the 
median progression-free survival while receiving 
their previous regimens (P = 0.60 by the log-rank 

Figure 1. Clinical Responses to Pembrolizumab Treatment.

The biochemical responses to pembrolizumab treatment are shown in Pan-
el A. Serum levels of protein biomarkers were measured at the start of each 
treatment cycle, and the values represent percentage changes from base-
line. Each line represents one patient; patients were included if their base-
line tumor marker values were higher than the upper limit of normal. CA-
125 was used as the biomarker for one patient with endometrial cancer, 
CA19-9 was used for one patient with cholangiocarcinoma and one patient 
with ampullary cancer, and carcinoembryonic antigen (CEA) was used for 
all other patients. Radiographic responses to treatment with pembrolizum-
ab, evaluated on the basis of Response Evaluation Criteria in Solid Tumors 
(RECIST), are shown in Panel B. Tumor responses were measured at regu-
lar intervals, and the values shown are the largest percentage change in the 
sum of longest diameters from the baseline measurements of each mea-
surable tumor. Each bar represents one patient.
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among the patients with mismatch repair–profi-
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was not reached. A post hoc comparison of the 
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showed hazard ratios for disease progression or 
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might be due to prognostic differences, we mea-
sured the time since the diagnosis of metastatic 
disease and the clinical performance of the 
regimen that patients had received before enroll-
ment. We found that there was no significant 
difference between patients with mismatch re-
pair–deficient colorectal cancer and patients 
with mismatch repair–proficient colorectal can-
cer with respect to the duration of metastatic 
disease (P = 0.77 by the log-rank test) or the 
median progression-free survival while receiving 
their previous regimens (P = 0.60 by the log-rank 

Figure 1. Clinical Responses to Pembrolizumab Treatment.

The biochemical responses to pembrolizumab treatment are shown in Pan-
el A. Serum levels of protein biomarkers were measured at the start of each 
treatment cycle, and the values represent percentage changes from base-
line. Each line represents one patient; patients were included if their base-
line tumor marker values were higher than the upper limit of normal. CA-
125 was used as the biomarker for one patient with endometrial cancer, 
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A：结直肠癌患者使用 Pembrolizumab 治疗的无进展生存期 B：结直肠癌患者使用 Pembrolizumab 治疗的总生存率

不同的错配修复系统状态下使用 PD-1 抑制剂 Pembrolizumab 治疗的临床获益 1

n engl j med 372;26 nejm.org june 25, 2015 2515

PD-1 Block ade in Mismatch-Repair Deficiency

test) (Fig. S3 in Supplementary Appendix 1). We 
also performed an additional multivariate analy-
sis of progression-free and overall survival to 
examine the difference in outcomes between 
mismatch repair–deficient colorectal cancer and 
mismatch repair–proficient colorectal cancer, 
adjusting for elapsed time since the initial diag-
nosis. The magnitude of the hazard ratios for 
disease progression or death (hazard ratio, 0.04; 
95% CI 0.01 to 0.21; P<0.001) and for death 

(hazard ratio, 0.18; 95% CI, 0.03 to 1.01; P = 0.05), 
representing the differing effects of pembroli-
zumab between mismatch repair–deficient tu-
mors and mismatch repair–proficient tumors, 
was maintained after adjustment for this poten-
tial difference.

Safety Assessment

Adverse events occurring in more than 5% of 
patients are listed in Table 3. Events of clinical 

Figure 2. Clinical Benefit of Pembrolizumab Treatment According to Mismatch-Repair Status.

Kaplan–Meier curves are shown for progression-free survival in the cohorts with colorectal cancer (Panel A), overall survival in the co-
horts with colorectal cancer (Panel B), progression-free survival among patients with mismatch repair–deficient noncolorectal cancers 
(Panel C), and overall survival among patients with mismatch repair–deficient noncolorectal cancers (Panel D). In both cohorts with 
mismatch repair–deficient tumors, median overall survival was not reached. Patients in the cohort with mismatch repair–proficient can-
cers had a median progression-free survival of 2.2 months (95% CI, 1.4 to 2.8) and a median overall survival of 5.0 months (95% CI, 3.0 
to not estimable). Patients with mismatch repair–deficient noncolorectal cancers had a median progression-free survival of 5.4 months 
(95% CI, 3 to not estimable).
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A2351 ReliaPrepTM FFPE gDNA Miniprep System 10 reactions For Research Use Only

A2352 ReliaPrepTM FFPE gDNA Miniprep System 100 reactions For Research Use Only

AS1450 Maxwell® RSC DNA FFPE Kit 48 preps For Research Use Only

DG4640 PowerPlex® Matrix Standards, 310 50µl (each dye) For Research Use Only

DG4800 PowerPlex® 4C Matrix Standard 5 preps For Research Use Only

订购产品及技术支持请联系：

普洛麦格（北京）生物技术有限公司 
地址：北京市东城区北三环东路 36 号环球贸易中心 B 座 907-909 室

电话：010-58256268 传真：010-58256160 
网址：www.promega.com
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