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ABSTRACT 

This article discusses mutations in the BRCA1 and BRCA2 genes and resistance to PARP inhibitors. 

АННОТАЦИЯ  

В статье рассматриваются мутации в генах BRCA1 AND BRCA2 и резистентность к ингибиторам 

PARP. 
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Germline pathogenic mutations in BRCA1 and 

BRCA2 are associated with an increased lifetime risk 

of breast and ovarian cancers [1]. The tumors that arise 

in mutation carriers have almost always undergone loss 

of the wild-type allele, leading to loss of BRCA1/2 

function. This, in turn, leads to a profound defect in 

homology-mediated DNA repair and inappropriate use 

of error-prone repair pathways, which result in gross 

genomic instability that contributes to tumorigenesis 

[2]. This DNA-repair defect in BRCA1/2-mutant 

cancers renders them exquisitely vulnerable to certain 

kinds of DNA damage, including those caused by poly 

(ADP-ribose) polymerase (PARP) inhibitors and 

certain classic chemotherapy agents, including 
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platinum.[3] The vulnerabilities of BRCA1/2-mutant 

cancers to these agents have been translated 

successfully into treatment approaches. PARP 

inhibitors are now approved by the US Food and Drug 

Administration for treatment of BRCA1/2- mutant 

ovarian cancers [4], and data are accumulating that 

suggest that PARP inhibitors are likely active in 

BRCA1/2-mutant cancer regardless of the tissue of 

origin. PARP inhibitors are thought to be toxic to 

BRCA1/2-mutant cancers not only because of their 

catalytic inhibition of PARP but by their ability to trap 

PARP-1 enzyme on DNA.[5,6 ] The most potent PARP 

inhibitors that induce cell death in BRCA1/2-mutant 

cells are those that most efficiently trap PARP protein 

on DNA, creating a bulky protein DNA adduct [7]. In 

this sense, PARP inhibitors work similarly to 

topoisomerase inhibitors, which trap topoisomerases to 

create a bulky protein DNA adduct. Thus, in many 

ways, PARP inhibitors function similarly to classic 

DNA-damaging agents in the treatment of BRCA1/2-

mutant cancers. Other DNA-damaging agents 

including platinum, mitomycin C, and topoisomerase 

inhibitors, that also induce DNA adducts, are also 

effective in the treatment of BRCA1/2-mutant cancers 

in animal models and clinically. 

Given the widespread use of germline and tumor 

sequencing, and recent US Food and Drug 

Administration approval of PARP inhibitors, more 

patients who have tumors with pathogenic BRCA1/2 

mutations are being treated with PARP inhibitors 

and/or platinum agents. However, this has led to more 

clinicians confronting the problem of acquired 

resistance to PARP inhibitors and platinum agents in 

these cancers. One important mechanism of acquired 

resistance is reversion mutations in BRCA1 or BRCA2 

that partly restore wild-type gene function. [8,9] The 

three reports [10-12] of reversion mutations in BRCA2 

in breast and prostate cancers that accompany this 

editorial highlight the importance and increasing 

awareness of this mechanism of resistance. The 

presence of reversion mutations in BRCA1/2 also 

reveals some insights about the role of BRCA1/2 

function in tumorigenesis and chemosensitivity. 

Most pathogenic mutations in BRCA1 and 

BRCA2 are small insertion/deletions that result in a 

frameshift. A frameshift will introduce a premature 

stop codon, which leads to a truncated, nonfunctional 

protein product. Often, frameshift mutations lead to 

effective null mutations, because RNA transcripts 

harboring premature stop codons can be recognized and 

degraded by the nonsense-mediated decay pathway 

[13]. Reversion mutations are secondary mutations, 

often small deletions, in a mutant BRCA1/2 allele that 

convert the initial frameshift mutation into an in-frame 

internal deletion that still produces a partly functional 

protein product. Splice-site mutations that induce exon 

skipping can also result in in-frame reversions, as can  

large deletions that encompass multiple exons. 

Complex rearrangements or abnormal use of alternative 

start sites that bypass the frameshift mutation may also 

occur[14]. Rarely, there is full reversion of the 

pathogenic mutation with restoration of the full wild-

type sequence [10]. Reversion mutations can occur in 

the setting of either germline or somatic BRCA1/2 

mutations, [12] and can lead to acquired resistance not 

only to PARP inhibitors but to other classes of DNA-

damaging agents, such as platinum [11]. 

Intriguingly, the mechanism underlying many 

reversion mutations is inappropriate use of the 

nonhomologous end-joining pathway, resulting in 

small deletions, as seen by presence of microhomology 

at junction sequences [15]. Longer deletions associated 

with single-strand annealing may also be present but 

more difficult to detect. Thus, the DNA-repair defect 

associated with BRCA1/2 loss may predispose these 

cells to the kind of mutation that leads to reversion. It 

is not clear whether treatment with DNA-damaging 

agents, including PARP inhibitors, contributes to the 

generation of reversion mutations. It is possible that 

reversion mutations may already be present in a small 

population of cells, especially if there is high tumor 

burden as seen, for example, in ovarian cancer, and are 

simply selected with ongoing treatment. 

Reversion mutations can be difficult to detect by 

standard sequencing methods. Large deletions may be 

completely missed by short-read sequencing, and even 

small deletions have to be carefully curated to 

determine in which allele they originate, and the effect 

on the final reading frame. Some full reversions to 

wild-type sequence may only be detected by careful 

analysis of tumor purity and mutant allele frequencies 

in serial samples over time, as demonstrated by Banda 

et al. Heterogeneity of reversion mutations may also 

hinder detection. Different tumor sites within one 

patient may harbor different reversion mutations; this is 

an example of convergent tumor evolution under 

selection pressure of therapy. Analysis of circulating-

cell free DNA, such as reported by Cheng et al and 

Carneiro et al, can detect multiple reversion mutations 

simultaneously at the time of clinical resistance to 

PARP inhibitors or platinum, each restoring the reading 

frame and arising from a different small tumor-cell 

population [16]. It is possible that only a fraction of 

reversion mutations in BRCA1/2 are being identified 

by current sequencing methods. New technologies, 

such as long-read sequencing, and higher depth 

sequencing may allow more robust detection of 

reversion mutations and better define their frequency. 

The selection for reversion mutations in BRCA1/2 

under certain treatments does give us some insights into 

the biology of BRCA1. The induction of reversion 

mutations by platinum is clear genetic evidence that 

this agent acts on the DNA-repair defect associated 

with BRCA1/2 loss and exerts direct selection pressure 

to restore BRCA1/2 function. Thus, platinum agents, 

and possibly some other classes of DNA-damaging 

agents, are targeted therapy for BRCA1/2-mutant 

cancers. This finding also suggests that perhaps, in 

general, DNA-damaging chemotherapies function not 

as gross metabolic poisons but as targeted therapies for 

cancers with underlying defects in DNA repair and/or 

checkpoint control. If this is true, we may need to 

reconsider how to optimally dose and schedule 

platinum and other chemotherapy agents, especially in 

the setting of cancers with underlying DNA-repair 

defects. 
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The presence of reversion mutations demonstrates 

that loss of BRCA1 or BRCA2 function and the 

associated DNA-repair defect is only required for 

initiation of tumorigenesis and is not required for 

maintenance of the cancer phenotype. Thus, one cannot 

treat BRCA1/2-deficient cancers by restoring 

BRCA1/2 function. Thus, BRCA1 and BRCA2 are not 

like p53. Restoration of p53 function kills p53-mutant 

cancers. Restoration of BRCA1 in BRCA1-mutant 

cancers will likely make these cancers more fit, not less 

fit. This feature can be labeled “tumor-suppressor 

tolerance” to place it in contrast to oncogene addiction. 

Tumor-suppressor tolerance may operate in 

cancers that have underlying mutations in genes critical 

for genomic stability. Loss of tumor-suppressor 

function of these genes may only be required for initial 

tumorigenesis; once the tumor is established, there may 

be selection pressure to restore the tumor-suppressor 

function and reestablish DNA-repair function. Thus, 

reversion mutations are seen in other tumor suppressors 

associated with DNA repair, such as Fanconi anemia 

genes including PALB2, as well as RAD51C and 

RAD51D [17-20]. Selection for other mechanisms to 

restore tumor-suppressor function can also occur. In 

BRCA1-mutant cancers, resistance to PARP inhibitors 

can occur not only by reversion mutations that directly 

restore BRCA1 function but also by compensating 

mutations in other genes such as 53BP1 and its 

downstream factors such as RIF1, PTIP and REV7, 

which also can restore homology- mediated repair 

pathways independent of functional BRCA1 [21-25]. 

Similarly, loss of PTIP and CHD4 may allow BRCA2-

mutant cells to reestablish replication fork stability and 

become resistant to cisplatin and PARP inhibitors [26]. 

These findings suggest that to better predict sensitivity 

to PARP inhibitors and platinum, we will need to 

develop assays capable of distinguishing a cancer with 

ongoing genomic instability from a cancer with just a 

history of genomic instability followed by functional 

reversion of a DNA-repair defect. 

With increasing use of PARP inhibitors and 

platinum for targeted therapy of BRCA1/2-mutant 

cancers, we will likely see increased incidence of 

acquired resistance that exploits tumor-suppressor 

tolerance and restores BRCA1/2 function. This 

mechanism of resistance is hard to target 

therapeutically, because it restores DNA-repair 

function. It is possible that some hypomorphic alleles 

of BRCA1 and BRCA2 that arise by reversion mutation 

may still have some targetable vulnerability. 

Alternatively, PARP inhibitors, or other DNA-

damaging agents such as platinum, will need to be 

combined with other drugs that target a different 

vulnerability in these cancers. Combination approaches 

with immunotherapy or with targeted therapy against 

other oncogenic drivers may lead to combined selection 

pressure, reduced likelihood of acquired resistance, and 

overcoming of tumor- suppressor tolerance. 
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Актуальность 

Обеспечение охраны здоровья детей является 

одной из важнейших целей государственной 

политики в Республике Армения, а принцип 

профилактической медицины является 

приоритетом в области детской медицины. Цель 

профилактической педиатрии - обеспечить 

гармоничное развитие и достижение оптимального 

состояния здоровья ребенка. Здоровье будущих 

поколений определяется состоянием здоровья 

детского населения. [1]. 

Физическое развитие детей является одним из 

ведущих критериев оценки здоровья растущего 

организма , который является чувствительным 

индикатором различных внешних факторов 

окружающей среды [4]. 

Для каждой детской возрастной группы 

характерны специфические особенности роста и 

развития, которые способствуют нормальному 

течению морфофункционального развития 

организма на более поздней стадии (если 

искусственно не ингибировать или не активировать 

его естественное течение) [2,3]. 

В первый год жизни (он включает в себя два 

периода - новорожденности и грудной) решаются 

задачи подготовки к реализации 

антигравитационных реакций , первичному 

овладению микросоциальной средой его 

существования; формированию предпосылок 

дальнейшего физического, нервно-психического 

развития и соматического здоровья. Ребенку до 

первого года жизни характерны особенности, не 

встречающиеся в более старшем возрасте: быстрый 

темп физического развития, взаимозависимость 

нервно-психического и физического развития; 

низкая резистентность к метео- и экологическим 

условиям, дефектам ухода и вскармливания [3,5] 

Материалы и методы  

Были обследованы 520 новорожденных, из 

которых 260 мальчиков. 

В соответствии с классификацией Ю.А. 

Князева (1993) антропометрические данные детей 

разделили по морфотипу [2]  

Нормосомия, при которой масса и длина тела 

находится в промежутке от 25 до 75 центиля и 

соответсвует среднестатистической норме 

Пахисомия – длина тела в пределах 25-75 

центилей, масса тела превышает 75 центиля 

Лептосомия- длина тела в пределах 25-75 

центилей, масса тела менее 25 центиля 

Гиперсомия – длина и масса тела превышает 

75 центиля 

Макросомия –длина тела превышает 75 

центиля, масса тела в пределах нормы 

Макролептосомия – длина тела превышает 75 

центиля, а масса тела менее 25 центиля 

Микросомия – длина тела менее 25 центиля, 

масса в пределах нормы 

Микропахисомия – длина тела менее 25 

центиля, масса более 75 центиля 

Микролептосомия – длина и масса тела 

находятся ниже нижней границы нормы( менее 25 

центиля). 
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