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Lynch syndrome (LS) is an autosomal dominant genetic condition caused by mu-
tations in the DNA mismatch repair (MMR) genes in the germline. Colorectal cancer 
and/or LS-associated cancer are more likely in people who carry pathogenic muta-
tions in these genes. Cancers of the endometrium, small intestine, stomach, pancreas, 
and biliary tract, ovarian, brain, upper urinary tract, and skin are among the cancer 
types linked to LS. The criteria for a clinical diagnosis of LS, as well as the processes for 
genetic testing to identify carriers of pathogenetic mutations in MMR genes, have been 
known for a long time. The precise description of the pathogenicity associated with 
MMR genetic variants is critical in the mutation detection analysis, especially in order 
to enroll mutation carriers in endoscopic surveillance programs that are more suited 
to them. As a result, this may aid in the improvement of LS-related cancer prevention 
efforts. In this review, we discuss recent advances in the molecular genetics of LS.
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Abbreviations: LS: Lynch Syndrome; MMR: Mismatch Repair; HNPCC: Hereditary 
Nonpolyposis Colorectal Cancer; MLH1: Homologue 1; MSH2: mutS Homologue 2; 
PMS2: Post Meiotic Segregation Increased 2; CRC: Colorectal Cancer; FAP: Familial Ad-
enomatous Polyposis; AC: Amsterdam Criteria; IHC: Immunohistochemistry; DHPLC: 
Denaturing High-Performance Liquid Chromatography; MLPA: Multiplex Ligation-De-
pendent Probe Amplification; NK: Natural Killer; EGFR: Epidermal Growth Factor 
Receptor; Wnt: wingless-Related Integration Site; Ig: Immunoglobulin; SHM: Somatic 
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Introduction
More than 100 cancer-prone genetic syndromes have been 

identified, with many of them containing well-defined cancer-
causing germline mutations. Observational studies in cancer-
prone families have allowed clinicians, molecular geneticists, 
and genetic counsellors to identify individuals who are at an 
extremely high lifetime risk of developing cancer and to provide 
cancer prevention surveillance, whereas family members without 
the causative mutation are at a general population risk for the 
syndrome-related cancers (Sinicrope, [1]). Lynch syndrome (LS),  

 
also known as hereditary nonpolyposis colorectal cancer (HNPCC), 
is the most common hereditary type of colon cancer, accounting 
for about 3% of all new cases. Aside from early-onset colon cancer 
with proximal predominance and an excess of synchronous and/
or metachronous colon cancer, endometrial and ovarian cancers, as 
well as cancers of the stomach, small bowel, prostate, breast, brain, 
and hepatobiliary tract, are the cancers most frequently associated 
with LS (Tiwari, et al. [2]). LS is a susceptibility to a variety of 
malignancies, mostly of the colorectum and endometrium, in which 

https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.46.007418


Copyright@ Arnaud Martino Capuzzo | Biomed J Sci & Tech Res | BJSTR. MS.ID.007418.

Volume 46- Issue 5 DOI: 10.26717/BJSTR.2022.46.007418

37902

MMR activity is diminished. Autosomal dominant heterozygous 
germline mutations in one of the four critical MMR genes mutL 
homologue 1 (MLH1), mutS homologue 2 (MSH2), MSH6 or post 
meiotic segregation increased 2 (PMS2), which result in loss of 
function of the encoded protein, induce this cancer propensity 
(Bolan, et al. [3]). Downstream genetic alterations accumulate in 
LS-associated malignancies, which develop after the somatic loss 
of function of the remaining wild-type allele of the damaged MMR 
gene. As a result, the goal of this review paper is to focus on the 
current situation of the Lynch syndrome in biotechnological and 
biomedical domains (Schmeler, et al. [4]).

Background of Lynch Syndrome

The history of LS begins at the University of Michigan, USA, in 
1895 with Warthin. Warthin was strongly impacted by the account 
of his seamstress, who blamed the many deaths in her family, 
particularly the colorectum, stomach and uterus, to her despair. 
Warthin began to document her family history of medical, cancer, 
and familial pathology results (Linder, et al. [5]). In 1962, Henry 
Lynch had a family history similar to that of Warthin’s seamstress 
during his residential residency. While he was suffering from 
delirium tremens, Lynch said he was drinking because he had died 
from colorectal cancer (CRC) because everyone died of this disease 
in his family. Lynch developed a detailed family history, revealing 
excessive CRC instances transmitted over several generations. 
Lynch’s first thoughts were of familial adenomatous polyposis 
(FAP), which had previously been the most common diagnosis in 
CRC-prone families (Lynch, et al. [6]). The fact that both families 
were raised in Midwestern rural regions where they were exposed 
to pesticides and other potential carcinogens in the agricultural 
industry seemed to support this theory. Lynch was recruited to 
research Warthin’s Family G by the then-chairperson of pathology 
at the University of Michigan School of Medicine. This prompted a 
thorough examination of family documents. Following that, Lynch 
and Anne Krush, a medical social worker, travelled to Germany, 
where the majority of Family G originated, and gathered additional 
evidence of cancer propensity (Hampel, et al. [7]).

Risk Factors

Precancerous lesions cause around 80% of colorectal 
malignancies. Long have lifestyles and familiarity been questioned 
as factors that increase the risk of various diseases? Dietary 
variables, such as red meat and sausage intake, processed flours and 
sugars, obesity and a sedentary lifestyle, smoking, and excessive 
alcohol use, stand out among the former. In addition to the variables 
stated above, fresh seasonal fruit and vegetables, unrefined carbs, 
vitamin D, and calcium, as well as the prescription of non-steroidal 
anti-inflammatories at regulated dosages and timings, provide 
protection. Approximately one third of CRC tumors have familiar 

characteristics attributable to hereditary susceptibility: only a 
part of this familial risk (2-5 percent) is attributable to syndromes 
in which genetic mutations associated with increased risk of 
colorectal cancer have been identified. Among these, syndromes 
characterized by the onset of polyps, such as familial adenomatous 
polyposis (FAP) and non-polyposic ones such as Lynch syndrome.

CRC Staging

The stage of colorectal cancer determines how far it has spread. 
Staging is critical for determining treatment options as well as 
establishing prognosis. Three parameters are used in the TNM 
staging system: T stands for the size of the original tumor and 
its invasion of surrounding tissues; N stands for the involvement 
of regional lymph nodes close to the tumor; and M stands for 
the occurrence of distant metastases. Depending on the size of 
the tumor (T), the number of lymph nodes involved (N), and the 
presence or absence of distant metastases, each characteristic is 
assigned a number and potentially a letter (M). (Tables 1-3 & 4) 
show the 2009 TNM-UICC classification for the TNM system, which 
is based on current guidelines.

Table 1: 2009 TNM-UICC classification : T parameter. Primary 
tumor size and invasion of surrounding tissues.

T-Class Description

Tx Primary tumor not definable

T0 Primary tumor not detectable

Tis

Carcinoma in situ: intraepithial 
or invasion of the lamina 

propria and this may include 
tumor cells confined within the 
glandular basement membrane 
(intraepithelial) or the lamina 

propria (intramucosal)

T1 Tumor that invades the submucosa

T2 Tumor that invades the proper 
muscular layer

T3

Tumor with invasion through the 
proper muscle in the subrosa or 
in the tissues not covered by the 

peritoneum

T4
Tumor that directly invades 

other organs or structures and 
perforates the visceral peritoneum

T4a Tumor that perforates the visceral 
peritoneum

T4b Cancer that invades other sites

Table 2: 2009 TNM-UICC classification: N parameter. 
Involvement of regional lymph nodes adjacent to the tumor.

N-Class Description

Nx Regional lymph nodes not 
evaluable
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N0 No metastasis to regional lymph 
nodes

N1 Metastases in 1-3 regional lymph 
nodes

N1a Metastasis in 1 lymph node

N1b Metastasis in 2-3 lymph nodes

N1c

Satellite tumor deposits in the 
subserosal or non-peritonealized 

and perirectal tissues without 
evidence of regional lymph node 

mestasis

N2 Metastases in 4 or more regional 
lymph nodes

N2a Metastasis in 4-6 lymph nodes

N2b Metastasis to 7 or more lymph 
nodes

Table 3: 2009 TNM-UICC classification: M parameter. Presence 
of distant metastases.

M-Class Description

Mx Distant metastases cannot be 
ascertained

M0 Absence of distant metastases

M1 Distant metastasis

M1a Metastases confined to an extra-
regional organ and lymph nodes

M1b Metastasis to more than one organ 
or to the peritoneum

Table 4: Division into stages. The current report provides a 
comprehensive overview of colorectal cancer.

Stage Description

Stage 0 Tis, N0, M0

T1, N0, M0

T2, N0, M0

Stage IIa T3, N0, M0

Stage IIb T4a, N0, M0

T4b, N0, M0

T1-2, N1a-c, M0

T1-2, N2a, M0

T3-T4a, N1a-c, M0

Stage IIIb T2-3, N2a, M0

T1-2, N2b, M0

T4a, N2a-b, M0

T3, N2b, M0

T4b, N1-2, M0

Stage IVa Every T, Every N, M1a

Stage IVb Every T, Every N, M1b

Clinical Criteria

The Amsterdam Criteria (AC) and Bethesda guidelines are used 
to identify families affected with LS. Since 1990, the Amsterdam 
clinical criteria have been used to select families appropriate 
for molecular investigation. Those criteria, AC II to cover other 
LS-related malignancies, have subsequently been updated. 
The Bethesda standards, which are less stringent than the AC 
recommendations, were later created and take into account the MSI-
status discovered in tumoral tissue. The National Cancer Institute-
recommended ‘Panel of Bethesda’ includes five microsatellites: two 
mononucleotide repeats (BAT25, BAT26) and three dinucleotide 
repeats (D2S123, D17S250, D5S346) that are evaluated on tumoral 
DNA of patients with probable LS (Vasen, et al. [8]). Subsequently 
the panels included other microsatellite sequences: NR21, NR22 
and NR24, repeats of mononucleotides to increase the sensitivity 
rate and the Bethesda guidelines’ predictive specificities; three of 
the replicates (NR21, NR22 and NR24) are the Pentaplex Panels 
with BAT25 and BAT26 (Sehgal, et al. [9]). In a schematic way, the 
criteria and guidelines have been reported in Table 5.

Table 5: Amsterdam criteria and Bethesda guidelines.

Amsterdam I Criteria

At least three relatives with histologically confirmed CRC are required.

1. One is a first-degree relative of the other two

2. At least two successive generations are affected

3. At least one of the relatives with CRC is diagnosed at <50 years of age

4. Familial adenomatous polyposis (FAP) has been excluded

Amsterdam II Criteria

At least three relatives with an LS-associated cancer (endometrium, stomach, ovary, ureter or renal pelvis, brain, small bowel, hepatobiliary 
tract and skin)

1. One is a first-degree relative of the other two

2. At least two successive generations are affected
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3. At least one of the LS-associated cancers should be diagnosed at <50 years 
of age

4. FAP should be excluded in any CRC cases

5. Tumors should be verified by pathology whenever possible

Bethesda Guidelines

Used for testing of colorectal tumors for microsatellite instability (MSI)

1. CRC diagnosed in a patient who is <50 years of age

2. Presence of synchronous or metachronous colorectal or other LS-
associated tumors, regardless of age

3. CRC with MSI-high (MSI-H) a histology b diagnosed in a patient who is <60 
years of age

4. CRC or LS-associated tumor diagnosed <50 years of age in at least one 
first-degree relatived

5. CRC or LS-associated tumor diagnosed at any age in two first- or second-
degree relatives

Note: LS-associated tumors include colorectal, endometrial, stomach, ovarian, pancreas, ureter or renal pelvis, biliary tract, and brain 
(usually glioblastoma) tumors, sebaceous gland adenomas and keratoacanthomas in Muir–Torre syndrome, and carcinoma of the 
small bowel. 

a)	 MSI-H in tumors refers to variations in two or more of the five microsatellite markers panels suggested by the US National 
Cancer Institute.

b)	 MSI-H histology refers to the presence of tumor-infiltrating lymphocytes, Crohn disease-like lymphocytic reaction, 
mucinous or signet-ring differentiation, or medullary growth pattern. 

c)	 The Workshop participants couldn’t agree on whether to include the age criteria in guideline 3; they opted to maintain the 
60-year-old age limit in the guidelines. 

d)	 Criteria 4 and 5 have been reworded in the Revised Bethesda Guidelines to make them clearer.

Molecular Analysis

MMR gene mutations have been linked to LS. The majority of 
mutations were found in the MLH1 and MSH2 genes, accounting 
for about 50 and 40 percent of all mutations reported, respectively; 
about 15-20 percent of mutations were found in the MSH6 and 
PMS2 genes; few pathogenetic mutations were found in the MLH3 
gene, and only one heterozygous variant in the MSH3 gene has 
been linked to the LS phenotype so far. Small insertions/deletions 
or big genomic rearrangements (large deletions/insertions) are the 
most pathogenic variations in MMR genes, resulting in premature 
stop codon generation at the protein level (Koornstra, et al. [10]). 
Several MMR gene mutations have been found as missense, silent, 
or intronic variants. Because the impact of these polymorphisms 
on the development of cancer is frequently disputed, they are all 
categorized as variants of questionable importance. A multifactorial 
likelihood model can be used to try to determine a pathogenetic 
function of VUS, according to international recommendations. 
This method is based on the assessment of both phenotypic and 
functional characteristics. The segregation analysis, in particular, 
should be regarded as the ‘gold standard’ for determining VUS 

pathogenicity (Carethers, et al. [11]). The molecular analysis of 
LS starts with the MSI status assessment on tumor DNA by the 
use of the capillary electrophoresis analysis of the diagnosis 
fragment DNA. Immunohistochemistry (IHC) analysis can identify 
MSI at the somatic level (Vasen, et al. [12]). Instead, denaturing 
high-performance liquid chromatography (DHPLC) and direct 
sequencing for point mutations, and multiplex ligation-dependent 
probe amplification (MLPA) for massive rearrangements, are 
standard approaches for detecting mutations in MMR genes. 
In MMR-genes, in particular MLH1, MSH2, MSH6, and PMS2, a 
substantial number of variations were previously reported in 
insight group database. No variants were reported for the MLH3 
and MSH3 genes. Literature data nonetheless reveal that patients 
with colorectal hereditary cancer and mutations are present in 
these two genes (Moreira, et al. [13]). High-throughput techniques, 
such as next-generation sequencing, have now replaced older 
methods, allowing for the identification of a large number of 
genes involved in hereditary cancer types. Recent discoveries, 
for example, reveal that POLE and POLD1 mutations are linked 
to gastrointestinal cancers, with mutations in both genes seen in 
Lynch-like phenotypic patients (Ferrer, et al. [14]).
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3D Model System: Spheroids and Organoids

The Scientific study requires the cultivation of cells outside 
of their natural environment in a laboratory under controlled 
conditions. Stem cell and cancer research, monoclonal antibody 
manufacturing, drug discovery, regenerative medicine, therapeutic 
protein production, and disease modelling are all areas where cell 
culture is useful. In vitro cultures can be created using cells extracted 
from normal or sick tissues, grown as adherent monolayers or in 
suspension, and established in two or three dimensions (Roberts, 
et al. [15]).

Spheroid

Spheroids are cell clumps growing in 3D. In comparison to their 
2D culture equivalents, they are meant to more closely reflect in 
vivo models. Cell-cell and cell-matrix interactions are encapsulated 
in CRC spheroids, which are a 3D avascular model of CRC. Spheroids 
of CRC have been utilized to evaluate tumours growth, proliferation, 
invasion, micro metastasis, immune cell interactions, and drug 
screening (Duraturo, et al. [16]). A Gene expression study was also 
carried out on CRC spheroids with hypoxic and necrotic areas, 
which revealed that these spheroids closely resemble the gene 
expression profile of in vivo tumours. Although experiments have 
been conducted using solely CRC cells to create spheroids, these 
spheroids do not allow for examination of the complicated TME. CRC 
in vivo is more appropriately represented by spheroids including 
stromal and immune cells (Luca, et al. [17]). Incorporating stromal 
cells into CRC spheroids has been demonstrated to affect specific 
pathway expression in co-cultures versus mono-culture spheroids 
in studies. The Ras and nuclear factor-kappa B (NF-κB) signalling 
pathways are two among them. The necessity of integrating stromal 
cells into CRC spheroids to simulate the in vivo microenvironment 
is demonstrated by the association of NF-B with inflammation 
and CRC progression. Patient-derived primary cancer cells have 
been used to create CRC spheroids in recent years. The inclusion 
of individual patient samples further increases the possibility 
that spheroids using primary cells find translatable targets as 
they histologically resemble original tumours and display similar 
patterns of protein expression to the tumours in vivo (Elbadawy, et 
al. [18]). The therapeutic potential of multiple cancer therapies may 
also be tested by CRC spheroids, including immune-modulatory 
antibodies targeting the major histocompatibility complex proteins 
class I of chain-related A and natural killer group A (NK) group 
2, and combination therapy with interleukin-2 T-cell bis-specific 
antibody. Combination therapy such as 5-fluorouracil, erlotinib, and 
regorafenib have also been studied utilizing spheroids produced 
from various CRC cell lines with the inclusion of stromal cells. This 
research suggests that spheroids can be utilized to test treatments 

in a 3D microenvironment as a clinically realistic model of CRC 
(Castro, et al. [19]).

Organoids

Organoids are now widely regarded as a superior model for 
studying cancer genetics, cancer processes, and antitumor drug 
action. Organoid technology permits normal and malignant tissues 
to grow for a long time without requiring genetic modifications. 
Organoids are a useful system for working with the CRISPR-
CRISPR-associated protein 9 (CRISPR-Cas9) technology, clustered 
regularly interspaced short palindromic repeats (Reidy, et al. 
[20]). Organoids are self-organizing models made mostly from 
pluripotent stem cells (hPSCs) or adult multipotent stem cells. The 
major distinction is that multipotent stem cells are organ-specific, 
whereas human pluripotent stem cells can differentiate into a 
variety of cell types, including stromal and immune cells. With a 
recent work employing intestinal stem cells to construct self-
assembling intestinal organoids with crypt-like and villi-like regions 
that approximated the spatial organization of these structures in 
vivo, considerable improvements in organoid formation have been 
made in recent years (Castro, et al. [19]). Organoids may be created 
from individual patient tumor samples, which means they can give 
similar biodiversity to in vivo tumors and could be exploited to 
develop patient-specific treatments. Previous research indicated 
that CRC organoids shared 90% of somatic mutations and had a 
0.89 correlation with DNA copy number profiles between organoids 
and original patient biopsies. These parallels highlight the benefits 
of adopting organoids as a CRC model (Luca, et al. [17]). CRC 
organoids have been employed for medication screening as well 
as research into the initiation, progression, and invasion of CRC. 
Mutations in genes coding for TGF-, wingless-related integration 
site (Wnt), P53, and epidermal growth factor receptor (EGFR) 
enhance tumor progression and metastasis, according to organoid 
studies. Organoids of CRC are also being employed to investigate 
the disease’s immune modulatory capabilities. CRC organoids 
were co-cultured with cytotoxic T-cells to investigate the immune 
modulatory features of CRC as well as the anti-tumor immune 
response of cytotoxic T-cells in vitro. CRC organoids were also used 
to investigate the role of leucine rich repeat-containing G-protein 
coupled receptor 5 positive (Lgr5+) intestinal stem cells. It was 
shown that Lgr5+ intestinal stem cells, which are progenitor cells 
for CRC, aid in tumor growth. Many of these findings give an insight 
into the interactions in the TME and could outline the objectives for 
CRC therapy (Cohen, et al. [21]). Targets for treating CRC have been 
identified through specific investigations. Using 19 organoid CRC 
lines, a high throughput drug screening analysis was carried out to 
find chemotherapeutic drugs and inhibitors of specific targets by 
screening 83 distinct drugs. In other investigations, the efficacy 
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of CAR-engineered NK-92 cells as a treatment for the ubiquitous 
epithelial cell adhesion protein was investigated. Another study 
looked at how rectal organoids and patients responded to chemo 
radiotherapy. The use of specific organoids can be effective models 
for studying tumor progression, metastasis, and drug screening 
(Elbadawy, et al. [18]).

New Roles for MMR Proteins

MMR proteins, in addition to post-replicative repair, have long 
been recognised to have established a variety of other activities. The 
immunoglobulin (Ig) diversification based on the «somatic hyper 
mutation» (SHM) process is one of these new activities (together 
with the suppression of reparative recombination, encouragement 
of meiotic crossover, expansion of repeating triplets, and control 
of microRNA biogenesis). The MutS-MutL complex, in conjunction 
with two additional proteins, AID (activation-induced cytidine 
deaminase) and Pol (DNA polymerase ‘error-prone’), regulates 
this process; MutS deficiency is linked to T lymphocyte neoplastic 
transformation (Sehgal, et al. [9]). MMR, despite maintaining 
genomic stability, is responsible for up to 60% of mutations in 
the V and S regions of the Ig locus, which are critical for antibody 
diversity. As a result, a greater understanding of the complicated 
signalling pathways that drive antibody diversification could aid in 
uncovering the links between genomic integrity maintenance and 
cancer in the adaptive immune response (Carethers, et al. [11]).

Early Detection of Ls-Mediated Crc Progression

The identification of carriers of important propensity alleles 
improves the quality of care for patients and families with any 
hereditary illness resulting in gastrointestinal tumours, such as 
Lynch syndrome. The goal is to reduce MMR-related hereditary 
colorectal cancer mortality. It has long been known that carriers 
of pathogenetic mutations in the MMR gene should have annual 
surveillance colonoscopies beginning at the age of 25 (Haider and 
Kang,[22]) Figure1. A critical aspect in including mutation carriers 
in endoscopic surveillance programmes more tailored to them is 
the correct determination of the pathogenicity of MMR genetic 
variations revealed in the mutation detection analysis. As a result, 
this information may be useful in improving related-LS cancer 
prevention initiatives. MSH6 and PMS2 mutation carriers have 
recently been found to have a lower risk of CRC when diagnosed at 
a later age. Indeed, evidence from the literature supports starting 
colonoscopy surveillance in MSH6 and PMS2 mutation carriers 
at the age of 30 years, with no young index CRC, and extending 
the interval to two years. As a result, classifying MMR genetic 
variations is critical for selecting the most effective endoscopic 
surveillance programme and progressing toward customised 
therapy (Lynch, et al. [23]). The discovery of a harmful germline 
mutation or epimutation affecting one of the linked MMR genes 

provides a conclusive diagnosis of LS. Tab6 discusses LS screening 
and management suggestions. In order to differentiate LS from 
other cancer syndromes with clinically comparable characteristics, 
molecular genetics-based diagnosis has become more important.

Therapeutic Approaches of LS-Related Colon Cancer

The best treatment option for people with metastatic colorectal 
cancer is determined by a thorough examination of the tumors clinical 
and genetic characteristics. The primary tumors side of the colon, 
the sites and burden of metastatic disease, and the mutational status 
of specific genes, such as KRAS, BRAF, and MSI status on tumoral 
DNA, must all be considered. Adjuvant chemotherapy for colorectal 
cancer that is not metastatic is most commonly administered with 
5-fluorouracil (5FU) (Reidy, et al. [20]). Instead, systemic therapy 
with a FOLFOX- or CAPOX (capecitabine and oxaliplatin) regimen 
is the standard of care in some metastatic CRC cases (stage III). 
Anti-epidermal growth factor receptor (EGFR)-directed therapy is 
given to patients with left-sided malignancies and RAS wild-type 
tumours, while bevacizumab is given to patients with right-sided 
tumours or RAS mutations. In subgroup analyses of individuals 
with colon cancer without metastasis, adjuvant chemotherapy with 
5-fluorouracil did not result in a survival advantage in patients with 
tumours that showed microsatellite instability or poor mismatch 
repair (Duraturo, et al. [16]). While survival was considerably 
greater among patients with metastatic colon cancer who got 
capecitabine and oxaliplatin treatment than among those who 
had proficient mismatch repair. These differences are most likely 
connected to the lymphocytic infiltration found in MMR-deficient 
tumours, which defines an antitumor immune response that can 
be suppressed by chemotherapy’s immunosuppressive effects 
(Cohen, et al. [21]). T cells are unable to eliminate these tumours 
despite their increased immunogenicity, which is likely owing to 
upregulation of immune checkpoint proteins that can be blocked 
by checkpoint inhibitors. Immune checkpoint inhibitors have 
recently been discovered as anticancer medicines, and they appear 
promising, especially in patients with MSI who have sporadic CRC. 
Pembrolizumab (P) is an anti-PD-1 antibody that prevents PD-1 
from interacting with PD-L1 and PD-L2 on tumour cells (Seppala, et 
al. [24]). Patients with metastatic colorectal cancer and MSI who had 
previously failed to respond to cytotoxic treatments were given the 
antibody Pembrolizumab. Patients with LS-related CRC and those 
with random CRC had similar treatment responses. Furthermore, 
when nivolumab, another anti-PD-1 antibody, was combined with 
ipilimumab, an anti-cytotoxic T-lymphocyte antigen 4 (CTLA-4) 
antibody, responder and disease-control rates were higher than 
when nivolumab was used alone. In this regard, it’s worth noting 
that these medications have shown to be effective in the treatment 
of MSI cancers (Yurgelun and Hampel, [25]).
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Conclusion
The theory mainly, formulated in the middle of the last 

century, interprets cancer as a set of 200 diseases characterized 
by abnormal cell growth, released from the normal control 
mechanisms of the organism. The transformation process of a 
normal cell into a neoplastic cell takes place through various 
stages with accumulation of genetic, functional and morphological 
anomalies. Lynch syndrome (LS) is the most common hereditary 
type of colon cancer, accounting for about 3% of all new cases. 
The history of LS begins at the University of Michigan, USA, in 
1895 with Warthin. MMR gene mutations have been linked to LS. 
Data on the early beginning of the disease, the high penetration 
of mutations and the demonstrated effectiveness of monitoring 
measures are vital in identifying which mutation causes the clinical 
signs of Lynch Syndrome. Furthermore, research into the molecular 
pathways underlying the initiation of LS-related colorectal cancer 
has allowed us to make great progress in the treatment of these 
tumor over the years. Immune checkpoint inhibitors have recently 
been discovered as antitumor drugs, and they appear promising, 
especially in patients with MSI who have sporadic CRC. Different 
paths and opportunities can be chosen and seized when it comes 
to seeking the safeguarding of an individual as a biological entity. 
Modern possibilities, starting from research and respect for a 
healthy life with a greater understanding of the connected risk 
factors, can induce the indifference to improve living conditions. 
Using the means at our disposal, with the most recent methods 
and peculiar characteristics, aimed at the resolution or taking 
into account of one’s own entity, it is possible to have a change of 
perspective.  We hope that some of the technological developments 
described in this study will make it easier to diagnose and treat LS 
patients and their families.

References
1.	 Haycock J W (2011) 3D Cell Culture: A Review of Current Approaches 

and Techniques. In J W Haycock (A c. Di), 3D Cell Culture: Methods and 
Protocols Humana Press p. 1-15.

2.	 Desai N, Abdelhafez F, Calabro A, Falcone T (2012) Three-dimensional 
culture of fresh and vitrified mouse pre-antral follicles in a hyaluronan-
based hydrogel: A preliminary investigation of a novel biomaterial for 
in vitro follicle maturation. Reproductive Biology and Endocrinology: 
RB&E p. 10: 29. 

3.	 Fritz R, Jain C, Armant D R (2014) Cell signaling in trophoblast-uterine 
communication. The International Journal of Developmental Biology 
58(2-3-4): 261-271. 

4.	 Herrler A, von Rango U, Beier H M (2003) Embryo-maternal signalling: 
How the embryo starts talking to its mother to accomplish implantation. 
Reproductive BioMedicine Online 6(2): 244-256.

5.	 Madsen C A, Perry G A, Mogck C L, Daly R F, MacNeil M D, et al. (2015) 
Effects of preovulatory estradiol on embryo survival and pregnancy 
establishment in beef cows. Animal Reproduction Science 158: 96-103.

6.	 Meyer A E, Pfeiffer C A, Brooks K E, Spate L D, Benne, J. A (2019) New 
perspective on conceptus estrogens in maternal recognition and 

pregnancy establishment in the pig†. Biology of Reproduction 101(1): 
148-161. 

7.	 Heremans R, Jan Z, Timmerman D, Vankelecom H (2021) Organoids of 
the Female Reproductive Tract: Innovative Tools to Study Desired to 
Unwelcome Processes. Frontiers in Cell and Developmental Biology 9: 
867. 

8.	 (2020) 3D Model Systems: Spheroids, Organoid and Tissue Model 
Systems., giugno 2). Cell Culture Dish. 

9.	 Heidari-Khoei H, Esfandiari F, Hajari M A, Ghorbaninejad Z, Piryaei 
A (2020) Organoid technology in female reproductive biomedicine. 
Reproductive Biology and Endocrinology 18(1): 64. 

10.	5 steps to live-cell imaging. (s.d.). 12.

11.	Capuzzo A M, Vigo D (2020) Updated modifications about Spin∞ 
Bioreactor. Journal of Engineering Technology and Applied Sciences 
5(7): 53-56.

12.	Capuzzo A M, Vigo D, Brecchia G, Curone G, Pasqua S (2020) Microfluidic 
live imaging with CELL viewer technology to perform biotechnological 
tasks. Journal of Engineering Technology and Applied Sciences 5(6): 27-
34.

13.	Łaniewski P, Gomez A, Hire G, So M, Herbst-Kralovetz M M (2017) 
Human Three-Dimensional Endometrial Epithelial Cell Model to Study 
Host Interactions with Vaginal Bacteria and Neisseria gonorrhoeae. 
Infection and Immunity 85(3): e01049-16.

14.	Yin X, Mead B E, Safaee H, Langer R, Karp J M (2016) Engineering Stem 
Cell Organoids. Cell Stem Cell 18(1): 25-38.

15.	Desai S P, Bhatia S N, Toner M, Irimia D (2013) Mitochondrial localization 
and the persistent migration of epithelial cancer cells. Biophysical 
Journal 104(9): 2077-2088. 

16.	Lancaster M, Knoblich J (2014) Organogenesis in a dish: Modeling 
development and disease using organoid technologies. Science.

17.	Choi J, Iich E, Lee J H (2016) Organogenesis of adult lung in a dish: 
Differentiation, disease, and therapy. Developmental Biology 420(2): 
278-286. 

18.	Burkitt M, Walker D, Romano D M, Fazeli A (2012) Using computational 
modeling to investigate sperm navigation and behavior in the female 
reproductive tract. Theriogenology 77(4): 703-716. 

19.	Chumduri C, Turco M (2021) Organoids of the female reproductive tract. 
Journal of Molecular Medicine 99: 1-23.

20.	Chen S, Schoen J (2019) Air-liquid interface cell culture: From airway 
epithelium to the female reproductive tract. Reproduction in Domestic 
Animals = Zuchthygiene 54 Suppl 3: 38-45.

21.	Senol S, Sayar I, Ceyran A B, Ibiloglu I, Akalin I (2016) Stromal Clues in 
Endometrial Carcinoma: Loss of Expression of β-Catenin, Epithelial-
Mesenchymal Transition Regulators, and Estrogen-Progesterone 
Receptor. International Journal of Gynecological Pathology 35(3): 238-
248.

22.	Elad D, Jaffa A J, Grisaru D (2020) Biomechanics of Early Life in the 
Female Reproductive Tract. Physiology (Bethesda, Md.) 35(2):  134-143. 

23.	Xiao S, Coppeta J R, Rogers H B, Isenberg B C, Zhu J, et al. (2017) A 
microfluidic culture model of the human reproductive tract and 28-day 
menstrual cycle. Nature Communications 8: 14584. 

24.	Stejskalová A, Vankelecom H, Sourouni M, Ho M Y, Götte M et al. (2021) 
In vitro modelling of the physiological and diseased female reproductive 
system. Acta Biomaterialia 132: 288-312. 

25.	Schomberg D W (1978) Basic mechanisms of ovarian endocrine function. 
Environmental Health Perspectives 24: 5-10.

https://dx.doi.org/10.26717/BJSTR.2022.46.007418
https://pubmed.ncbi.nlm.nih.gov/21042962/
https://pubmed.ncbi.nlm.nih.gov/21042962/
https://pubmed.ncbi.nlm.nih.gov/21042962/
https://pubmed.ncbi.nlm.nih.gov/22513305/
https://pubmed.ncbi.nlm.nih.gov/22513305/
https://pubmed.ncbi.nlm.nih.gov/22513305/
https://pubmed.ncbi.nlm.nih.gov/22513305/
https://pubmed.ncbi.nlm.nih.gov/22513305/
https://pubmed.ncbi.nlm.nih.gov/25023692/
https://pubmed.ncbi.nlm.nih.gov/25023692/
https://pubmed.ncbi.nlm.nih.gov/25023692/
https://www.sciencedirect.com/science/article/abs/pii/S1472648310617178
https://www.sciencedirect.com/science/article/abs/pii/S1472648310617178
https://www.sciencedirect.com/science/article/abs/pii/S1472648310617178
https://pubmed.ncbi.nlm.nih.gov/26022231/
https://pubmed.ncbi.nlm.nih.gov/26022231/
https://pubmed.ncbi.nlm.nih.gov/26022231/
https://pubmed.ncbi.nlm.nih.gov/33959613/
https://pubmed.ncbi.nlm.nih.gov/33959613/
https://pubmed.ncbi.nlm.nih.gov/33959613/
https://pubmed.ncbi.nlm.nih.gov/33959613/
https://www.researchgate.net/publication/342280427_Organoid_technology_in_female_reproductive_biomedicine
https://www.researchgate.net/publication/342280427_Organoid_technology_in_female_reproductive_biomedicine
https://www.researchgate.net/publication/342280427_Organoid_technology_in_female_reproductive_biomedicine
https://www.researchgate.net/publication/347557901_Updated_modifications_about_Spin_Bioreactor
https://www.researchgate.net/publication/347557901_Updated_modifications_about_Spin_Bioreactor
https://www.researchgate.net/publication/347557901_Updated_modifications_about_Spin_Bioreactor
https://www.researchgate.net/publication/346473853_Microfluidic_live-imaging_with_CELLviewer_technology_to_perform_biotechnological_tasks
https://www.researchgate.net/publication/346473853_Microfluidic_live-imaging_with_CELLviewer_technology_to_perform_biotechnological_tasks
https://www.researchgate.net/publication/346473853_Microfluidic_live-imaging_with_CELLviewer_technology_to_perform_biotechnological_tasks
https://www.researchgate.net/publication/346473853_Microfluidic_live-imaging_with_CELLviewer_technology_to_perform_biotechnological_tasks
https://pubmed.ncbi.nlm.nih.gov/28052997/
https://pubmed.ncbi.nlm.nih.gov/28052997/
https://pubmed.ncbi.nlm.nih.gov/28052997/
https://pubmed.ncbi.nlm.nih.gov/28052997/
https://pubmed.ncbi.nlm.nih.gov/26748754/
https://pubmed.ncbi.nlm.nih.gov/26748754/
https://pubmed.ncbi.nlm.nih.gov/23663851/
https://pubmed.ncbi.nlm.nih.gov/23663851/
https://pubmed.ncbi.nlm.nih.gov/23663851/
https://pubmed.ncbi.nlm.nih.gov/25035496/
https://pubmed.ncbi.nlm.nih.gov/25035496/
https://pubmed.ncbi.nlm.nih.gov/27713058/
https://pubmed.ncbi.nlm.nih.gov/27713058/
https://pubmed.ncbi.nlm.nih.gov/27713058/
https://pubmed.ncbi.nlm.nih.gov/22217574/
https://pubmed.ncbi.nlm.nih.gov/22217574/
https://pubmed.ncbi.nlm.nih.gov/22217574/
https://pubmed.ncbi.nlm.nih.gov/31512315/
https://pubmed.ncbi.nlm.nih.gov/31512315/
https://pubmed.ncbi.nlm.nih.gov/31512315/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4823869/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4823869/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4823869/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4823869/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4823869/
https://pubmed.ncbi.nlm.nih.gov/32027564/
https://pubmed.ncbi.nlm.nih.gov/32027564/
https://www.nature.com/articles/ncomms14584
https://www.nature.com/articles/ncomms14584
https://www.nature.com/articles/ncomms14584
https://pubmed.ncbi.nlm.nih.gov/33915315/
https://pubmed.ncbi.nlm.nih.gov/33915315/
https://pubmed.ncbi.nlm.nih.gov/33915315/
https://pubmed.ncbi.nlm.nih.gov/17539154/
https://pubmed.ncbi.nlm.nih.gov/17539154/


Copyright@ Arnaud Martino Capuzzo | Biomed J Sci & Tech Res | BJSTR. MS.ID.007418.

Volume 46- Issue 5 DOI: 10.26717/BJSTR.2022.46.007418

37908

26.	Wong A S, Auersperg N (2003) Ovarian surface epithelium: Family 
history and early events in ovarian cancer. Reproductive Biology and 
Endocrinology 1(1): 70. 

27.	Kwong J, Chan F L, Wong K, Birrer M J, K M Balkwill (2009) Inflammatory 
cytokine tumor necrosis factor alpha confers precancerous phenotype 
in an organoid model of normal human ovarian surface epithelial cells. 
Neoplasia (New York, N.Y.) 11(6): 529-541. 

28.	Alzamil L, Nikolakopoulou K, Turco M Y (2021) Organoid systems to 
study the human female reproductive tract and pregnancy. Cell Death & 
Differentiation 28(1): 35-51. 

29.	Maenhoudt N, Defraye C, Boretto M, Jan Z, Heremans R, et al. (2020) 
Developing Organoids from Ovarian Cancer as Experimental and 
Preclinical Models. Stem Cell Reports 14(4): 717-729.

30.	Kessler M, Hoffmann K, Brinkmann V, Thieck O, Jackisch S, et al. (2015) 
The Notch and Wnt pathways regulate stemness and differentiation in 
human fallopian tube organoids. Nature Communications 6(1): 8989.

31.	Laronda M M, Burdette J E Kim J, Woodruff T K (2013) Recreating the 
female reproductive tract in vitro using iPSC technology in a linked 
microfluidics environment. Stem Cell Research & Therapy 4 Suppl 1: 
S13. 

32.	Li Q, Agno J E, Edson M A, Nagaraja A K, Nagashima T (2011) Transforming 
Growth Factor β Receptor Type 1 Is Essential for Female Reproductive 
Tract Integrity and Function. PLOS Genetics 7(10): e1002320. 

33.	Haider S, Meinhardt G, Saleh L, Kunihs V, Gamperl M, et al. (2018) Self-
Renewing Trophoblast Organoids Recapitulate the Developmental 
Program of the Early Human Placenta. Stem Cell Reports 11(2): 537-551. 

34.	Turco M Y, Gardner L, Kay R G, Hamilton R S, Prater M, et al. (2018) 
Trophoblast organoids as a model for maternal-fetal interactions during 
human placentation. Nature 564(7735): 263-267. 

35.	Sheridan M A, Fernando R C, Gardner L, Hollinshead M S, Burton G J, 
(2020) Establishment and differentiation of long-term trophoblast 
organoid cultures from the human placenta. Nature Protocols 15(10): 
3441-3463.

36.	Deloria A J, Haider S, Dietric B, Kunihs V, Oberhofer S, et al. (2021) 
Ultra-High-Resolution 3D Optical Coherence Tomography Reveals Inner 
Structures of Human Placenta-Derived Trophoblast Organoids. IEEE 
Transactions on Bio-Medical Engineering 68(8): 2368-2376.

37.	Abbas Y, Turco M Y, Burton G J, Moffett A (2020). Investigation of human 
trophoblast invasion in vitro. Human Reproduction Update 26(4): 501-
513.

38.	Horii M, Touma O, Bui T, Parast M M (2020) Modeling human trophoblast, 
the placental epithelium at the maternal fetal interface. Reproduction 
160(1): R1-R11.

39.	Capuzzo A M, Vigo D (2021) Microfluidic Live-Imaging Technology to 
Perform Research Activities in 3D Models [Preprint] other.

40.	Cytotoxicity (2010) In Culture of Animal Cells. John Wiley & Sons Ltd 
(pp. 365-381).

41.	Stzepourginski I, Nigro G, Jacob J M, Dulauroy S, Sansonetti P J, et 
al. (2017) CD34+ mesenchymal cells are a major component of the 
intestinal stem cells niche at homeostasis and after injury. Proceedings 

of the National Academy of Sciences of the United States of America 
114(4): E506-E513.

42.	Arnold J T, Kaufman D G, Seppälä M, Lessey B A (2001) Endometrial 
stromal cells regulate epithelial cell growth in vitro: A new co-culture 
model. Human Reproduction (Oxford, England) 16(5): 836-845.

43.	Zambuto S G, Clancy K B H, Harley B A C (2019) A Gelatin Hydrogel 
to Study Endometrial Angiogenesis and Trophoblast Invasion (pag: 
548024).

44.	Mancini V, Pensabene V (2019) Organs-On-Chip Models of the Female 
Reproductive System. Bioengineering (Basel, Switzerland) 6(4): E103. 

45.	Bazer F W, Johnson G A (2014) Pig blastocyst-uterine interactions. 
Differentiation. Research in Biological Diversity 87: 52-65. 

46.	Arici A, Engin O, Attar E, Olive D L (1995) Modulation of leukemia 
inhibitory factor gene expression and protein biosynthesis in human 
endometrium. The Journal of Clinical Endocrinology and Metabolism 
80(6): 1908-1915.

47.	Karpuzoglu-Sahin E, Hissong B D, Ansar Ahmed S (2001) Interferon-
gamma levels are upregulated by 17-beta-estradiol and diethylstilbestrol. 
Journal of Reproductive Immunology 52(1-2): 113-127.

48.	Karaki R Z, Samarraie S S, Younis N A, Lahloub T M, Ibrahim M H 
(2002) Blastocyst culture and transfer: A step toward improved in vitro 
fertilization outcome. Fertility and Sterility 77(1): 114-118.

49.	Wang J, Sauer M V (2006) In vitro fertilization (IVF): A review of 3 decades 
of clinical innovation and technological advancement. Therapeutics and 
Clinical Risk Management 2(4): 355-364.

50.	Kyrou D, Kolibianakis E M, Venetis C A, Papanikolaou E G, Bontis J 
(2009) How to improve the probability of pregnancy in poor responders 
undergoing in vitro fertilization: A systematic review and meta-analysis. 
Fertility and Sterility 91(3): 749-766. 

51.	Eskew A M, Jungheim E S (2017) A History of Developments to Improve 
in vitro Fertilization. Missouri Medicine 114(3): 156-159.

52.	Capuzzo A, Vigo D, Curone G (2020) Automation in 3D cellular system in 
Live-Imaging with Microfluidic Technology CELLviewer®. 

53.	Equipment and Materials (2010) In Culture of Animal Cells John Wiley 
& Sons, Ltd, pp. 37-56.

54.	Madan P (2011) Arrest or Survive: A Decision of the Early 
Preimplantation Embryo That Influences Fertility. In Comprehensive 
Biotechnology Elsevier, pp. 481-488. 

55.	Primary Culture (2010) In Culture of Animal Cells John Wiley & Sons 
Ltd, pp: 163-186. 

56.	(2021) The Organoid Culture Handbook (s.d.) Www.Rndsystems.Com. 
Recuperato 14 gennaio da.

57.	(2010) Three-Dimensional Culture in Culture of Animal Cells John Wiley 
& Sons, Ltd pp: 481-495.

58.	Aghajanova L (2004) Leukemia inhibitory factor and human embryo 
implantation. Annals of the New York Academy of Sciences 1034: 176-
183.

https://dx.doi.org/10.26717/BJSTR.2022.46.007418
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC270003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC270003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC270003/
https://pubmed.ncbi.nlm.nih.gov/19484142/
https://pubmed.ncbi.nlm.nih.gov/19484142/
https://pubmed.ncbi.nlm.nih.gov/19484142/
https://pubmed.ncbi.nlm.nih.gov/19484142/
https://pubmed.ncbi.nlm.nih.gov/32494027/
https://pubmed.ncbi.nlm.nih.gov/32494027/
https://pubmed.ncbi.nlm.nih.gov/32494027/
https://pubmed.ncbi.nlm.nih.gov/32243841/
https://pubmed.ncbi.nlm.nih.gov/32243841/
https://pubmed.ncbi.nlm.nih.gov/32243841/
https://pubmed.ncbi.nlm.nih.gov/26643275/
https://pubmed.ncbi.nlm.nih.gov/26643275/
https://pubmed.ncbi.nlm.nih.gov/26643275/
https://pubmed.ncbi.nlm.nih.gov/24565375/
https://pubmed.ncbi.nlm.nih.gov/24565375/
https://pubmed.ncbi.nlm.nih.gov/24565375/
https://pubmed.ncbi.nlm.nih.gov/24565375/
https://pubmed.ncbi.nlm.nih.gov/30078556/
https://pubmed.ncbi.nlm.nih.gov/30078556/
https://pubmed.ncbi.nlm.nih.gov/30078556/
https://pubmed.ncbi.nlm.nih.gov/32908314/
https://pubmed.ncbi.nlm.nih.gov/32908314/
https://pubmed.ncbi.nlm.nih.gov/32908314/
https://pubmed.ncbi.nlm.nih.gov/32908314/
https://pubmed.ncbi.nlm.nih.gov/33201804/
https://pubmed.ncbi.nlm.nih.gov/33201804/
https://pubmed.ncbi.nlm.nih.gov/33201804/
https://pubmed.ncbi.nlm.nih.gov/33201804/
https://pubmed.ncbi.nlm.nih.gov/32441309/
https://pubmed.ncbi.nlm.nih.gov/32441309/
https://pubmed.ncbi.nlm.nih.gov/32441309/
https://pubmed.ncbi.nlm.nih.gov/32485667/
https://pubmed.ncbi.nlm.nih.gov/32485667/
https://pubmed.ncbi.nlm.nih.gov/32485667/
https://www.biorxiv.org/content/10.1101/2021.03.08.434339v1
https://www.biorxiv.org/content/10.1101/2021.03.08.434339v1
https://pubmed.ncbi.nlm.nih.gov/28074039/
https://pubmed.ncbi.nlm.nih.gov/28074039/
https://pubmed.ncbi.nlm.nih.gov/28074039/
https://pubmed.ncbi.nlm.nih.gov/28074039/
https://pubmed.ncbi.nlm.nih.gov/28074039/
https://pubmed.ncbi.nlm.nih.gov/11331626/
https://pubmed.ncbi.nlm.nih.gov/11331626/
https://pubmed.ncbi.nlm.nih.gov/11331626/
https://pubmed.ncbi.nlm.nih.gov/31485309/
https://pubmed.ncbi.nlm.nih.gov/31485309/
https://pubmed.ncbi.nlm.nih.gov/31485309/
https://pubmed.ncbi.nlm.nih.gov/31703369/
https://pubmed.ncbi.nlm.nih.gov/31703369/
https://pubmed.ncbi.nlm.nih.gov/7775640/
https://pubmed.ncbi.nlm.nih.gov/7775640/
https://pubmed.ncbi.nlm.nih.gov/7775640/
https://pubmed.ncbi.nlm.nih.gov/7775640/
https://pubmed.ncbi.nlm.nih.gov/11600182/
https://pubmed.ncbi.nlm.nih.gov/11600182/
https://pubmed.ncbi.nlm.nih.gov/11600182/
https://pubmed.ncbi.nlm.nih.gov/11779600/
https://pubmed.ncbi.nlm.nih.gov/11779600/
https://pubmed.ncbi.nlm.nih.gov/11779600/
https://pubmed.ncbi.nlm.nih.gov/18360648/
https://pubmed.ncbi.nlm.nih.gov/18360648/
https://pubmed.ncbi.nlm.nih.gov/18360648/
https://www.researchgate.net/publication/51414017_How_to_improve_the_probability_of_pregnancy_in_poor_responders_undergoing_in_vitro_fertilization_A_systematic_review_and_meta-analysis
https://www.researchgate.net/publication/51414017_How_to_improve_the_probability_of_pregnancy_in_poor_responders_undergoing_in_vitro_fertilization_A_systematic_review_and_meta-analysis
https://www.researchgate.net/publication/51414017_How_to_improve_the_probability_of_pregnancy_in_poor_responders_undergoing_in_vitro_fertilization_A_systematic_review_and_meta-analysis
https://www.researchgate.net/publication/51414017_How_to_improve_the_probability_of_pregnancy_in_poor_responders_undergoing_in_vitro_fertilization_A_systematic_review_and_meta-analysis
https://pubmed.ncbi.nlm.nih.gov/30228571/
https://pubmed.ncbi.nlm.nih.gov/30228571/
https://www.researchgate.net/publication/344611597_Automation_in_3D_cellular_system_in_Live-Imaging_with_Microfluidic_Technology_CELLviewerR
https://www.researchgate.net/publication/344611597_Automation_in_3D_cellular_system_in_Live-Imaging_with_Microfluidic_Technology_CELLviewerR
https://pubmed.ncbi.nlm.nih.gov/15731310/
https://pubmed.ncbi.nlm.nih.gov/15731310/
https://pubmed.ncbi.nlm.nih.gov/15731310/


Copyright@ Arnaud Martino Capuzzo | Biomed J Sci & Tech Res | BJSTR. MS.ID.007418.

Volume 46- Issue 5 DOI: 10.26717/BJSTR.2022.46.007418

37909

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2022.46.007418

Arnaud Martino Capuzzo. Biomed J Sci & Tech Res

https://dx.doi.org/10.26717/BJSTR.2022.46.007418
https://www.itmedicalteam.pl/articles/evaluation-of-target-definition-for-stereotactic-reirradiation-of-recurrent-glioblastoma-102879.html
https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.46.007418

