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Ehk kuidas geeniteaduse 
avastustes ravimid saavad ning 
miks see nii kaua aega võtab



Uudsete ravimite mehhanismid

• Ensüümide inhibiitorid (väiksed molekulid)


• Transkriptsiooni inhibiitorid (antisense oligonukleotiidid)


• Monoklonaalsed antikehad


• Geeniravi (geenivektorid ja CRISPR)


• PROTAC (https://en.wikipedia.org/wiki/Proteolysis_targeting_chimera)


• Vaktsiinid
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New gene therapies hold extraordinary promise, but they might not be enough to overcome a medical system
that marginalizes Black Americans.

By Dhruv Khullar

March 22, 2022

Illustration by Ibrahim Rayintakath

n September, 1904, a twenty-year-old Grenadian man named Walter Clement Noel disembarked in

New York after an eight-day voyage from Barbados. At the time, few Black people were permitted to
study at most American universities, but Noel—who was well off, well educated, and a foreigner—had

secured a spot at the Chicago College of Dental Surgery. During his journey, he’d developed a painful
sore on his ankle; after clearing customs and immigration, he sought out a doctor, who applied a tincture

of iodine to the wound. The ulcer healed, leaving a scar similar to others on his body. Noel headed to
dental school. But, by Thanksgiving, he’d developed a cough and serious trouble breathing. He felt weak,

dizzy, and feverish. A few weeks later, he stumbled into a hospital, where a medical resident named
Ernest Irons studied Noel’s blood under a microscope.

https://www.newyorker.com/science/annals-of-medicine/are-we-about-to-cure-sickle-cell-disease
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Vertex Pharmaceuticals

• Geen: CFTR


• Rakumudel 2005: 
https://journals.physiology.org/doi/full/10.1152/ajplung.00169.2005


• Esimene ravim 2012, järgmine 2015: 
https://www.statnews.com/2019/10/23/we-conquered-a-disease-how-vertex-
delivered-a-transformative-medicine-for-cystic-fibrosis/


• 2021 kliiniline uuring: 
https://www.nejm.org/doi/full/10.1056/NEJMoa2100665
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(Perekondlik) hüperkolesteroleemia

• Geenid: APOB, LDLR, LDLRAP1, PCSK9, ANGPTL3, ….


• https://www.youtube.com/watch?v=2ALbhPdRoyU

https://www.youtube.com/watch?v=2ALbhPdRoyU
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SNPs in the meta-analysis. To further investigate the effect
of long-term exposure to lower LDL-C on the risk of
CHD, we also constructed a weighted LDL-C genetic
score. As described elsewhere, regression on the risk score
can be reconstructed from the regressions of the individual
SNPs without access to individual level data (11). Further
details of this analysis are provided in Online Table 1.

Next, we standardized the results of each of the statin
trials per unit reduction in LDL-C using the same methods
as described for the genetic studies. We then compared the
risk reduction associated with long-term exposure to lower
LDL-C with the risk reduction associated with the same
magnitude of LDL-C reduction during treatment with a
statin using a z-test. Heterogeneity was assessed using
Cochran’s Q, and the I2 metric (12). To minimize the
potential for population stratification bias, we restricted all
analyses to persons of European ancestry, and we used
genomic-control or principal component–adjusted measures
of effect where provided. Care was taken to avoid double-
counting data from studies that were included in !1 report. All
statistical tests used a 2-sided ! " 0.05 as the threshold for
statistical significance, and all analyses were performed using
STATA (version 10.1, StataCorp, College Station, Texas).

Results

In separate meta-analyses involving sample sizes of up to 149,000
participants, the exposure allele for each SNP was associated with
a lower LDL-C level that varied significantly between 2.6 and

16.7 mg/dl among the included polymorphism (Fig. 1) (5,8,
13–27). Detailed results of these 9 meta-analyses are presented in
Online Figures 1a to 1i. In separate meta-analyses involving
sample sizes of up to 186,000 participants, the exposure allele for
each SNP was also associated with a correspondingly lower risk of
CHD (Fig. 2) (8–10,17,20,21,27–37). Detailed results of these 9
meta-analyses are presented in Online Figures 2a to 2i. There was
a substantial amount of heterogeneity of effect on the risk of CHD
among the included polymorphisms. The exposure alleles of the
included SNPs were associated with a reduction in the risk CHD
that varied significantly between 6% and 28% (I2 # 91.8%).

In a plot of the proportional risk reduction against the
magnitude of lower LDL-C associated with each exposure
allele, the relationship between long-term exposure to lower
LDL-C and the risk of CHD was approximately log-linear
(Fig. 3). After standardizing the effect of each exposure
allele per unit lower LDL-C, each SNP was associated with
a highly consistent effect on the risk of CHD (Table 1).
Indeed, after adjusting the effect of each SNP per unit lower
LDL-C, there was no evidence of any heterogeneity of
effect on the risk CHD among the included SNPs, with the
I2 metric being reduced from 91.8% to 0.0% (Fig. 4, Online
Fig. 3). In a meta-analysis of nonoverlapping data from
312,321 participants involving multiple different SNPs,
each mmol/l (38.7 mg/dl) lower long-term exposure to
LDL-C was associated with a 54.5% (OR: 0.46, 95% CI:
0.41 to 0.51; p # 2.15 $ 10%45) reduction in the risk of
CHD (Fig. 5). Detailed results of this meta-analysis are

Figure 3 Log-Linear Effect of Each Unit Long-Term Exposure to Lower LDL-C on Risk of CHD

Boxes represent the proportional risk reduction (1 % OR) of CHD for each exposure allele plotted against the absolute magnitude of lower LDL-C associated with that
allele (measured in mg/dl). Vertical lines represent 1 SE above and below the point estimate of proportional risk reduction. SNPs are plotted in order of increasing
absolute magnitude of associations with lower LDL-C. The line (which is forced to pass through the origin) represents the increase in proportional risk reduction of CHD
per unit lower long-term exposure to LDL-C. Abbreviations as in Figure 2.

2634 Ference et al. JACC Vol. 60, No. 25, 2012
Long-Term Reduction in LDL Cholesterol December 25, 2012:2631–9

Ference, Brian A., et al. "Effect of long-term exposure to lower low-density lipoprotein cholesterol beginning early in life on the risk of coronary heart disease: a Mendelian randomization analysis." Journal of the American College of Cardiology 60.25 (2012): 2631-2639.
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Summ a r y

We sequenced all protein-coding regions of the genome (the “exome”) in two family 
members with combined hypolipidemia, marked by extremely low plasma levels of 
low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) choles-
terol, and triglycerides. These two participants were compound heterozygotes for 
two distinct nonsense mutations in ANGPTL3 (encoding the angiopoietin-like 3 pro-
tein). ANGPTL3 has been reported to inhibit lipoprotein lipase and endothelial lipase, 
thereby increasing plasma triglyceride and HDL cholesterol levels in rodents. Our 
finding of ANGPTL3 mutations highlights a role for the gene in LDL cholesterol me-
tabolism in humans and shows the usefulness of exome sequencing for identification 
of novel genetic causes of inherited disorders. (Funded by the National Human Ge-
nome Research Institute and others.)

Familial hypobetalipoproteinemia is an inherited disorder of 
lipid metabolism defined by very low levels (<5th percentile of age- and sex-spe-
cific values) of plasma apolipoprotein B and LDL cholesterol. Familial hypo-

betalipoproteinemia is genetically heterogeneous.1,2 The best-characterized cases have 
been linked to mutations in the gene encoding apolipoprotein B (APOB) that lead to 
less apolipoprotein B synthesis and reduced secretion of very-low-density lipopro-
tein (VLDL) from the liver. As a consequence of impaired hepatic export of VLDL, 
persons with familial hypobetalipoproteinemia due to a deficiency of apolipopro-
tein B are prone to hepatic steatosis.3,4 Persons with hypobetalipoproteinemia may 
also have fat malabsorption due to impaired incorporation of dietary fats into chy-
lomicrons in the absorptive cells of the intestine.

In a number of families with familial hypobetalipoproteinemia,5 sequencing of 
APOB has failed to identify mutations, and linkage analyses have pointed to other 
chromosomal regions.6,7 Furthermore, despite family members having plasma apo-
lipoprotein B and LDL cholesterol levels as low as those of persons with mutations 
in APOB, they do not appear to have a greater susceptibility to hepatic steatosis or 
gastrointestinal symptoms than their unaffected relatives.8 To date, efforts to iden-
tify the gene defects in these families have not been successful.
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BACKGROUND
Homozygous familial hypercholesterolemia is characterized by premature cardio-
vascular disease caused by markedly elevated levels of low-density lipoprotein 
(LDL) cholesterol. This disorder is associated with genetic variants that result in 
virtually absent (null–null) or impaired (non-null) LDL-receptor activity. Loss-of-
function variants in the gene encoding angiopoietin-like 3 (ANGPTL3) are associ-
ated with hypolipidemia and protection against atherosclerotic cardiovascular 
disease. Evinacumab, a monoclonal antibody against ANGPTL3, has shown poten-
tial benefit in patients with homozygous familial hypercholesterolemia.

METHODS
In this double-blind, placebo-controlled, phase 3 trial, we randomly assigned in a 
2:1 ratio 65 patients with homozygous familial hypercholesterolemia who were 
receiving stable lipid-lowering therapy to receive an intravenous infusion of evi-
nacumab (at a dose of 15 mg per kilogram of body weight) every 4 weeks or 
placebo. The primary outcome was the percent change from baseline in the LDL 
cholesterol level at week 24.

RESULTS
The mean baseline LDL cholesterol level in the two groups was 255.1 mg per deci-
liter, despite the receipt of maximum doses of background lipid-lowering therapy. 
At week 24, patients in the evinacumab group had a relative reduction from base-
line in the LDL cholesterol level of 47.1%, as compared with an increase of 1.9% 
in the placebo group, for a between-group least-squares mean difference of –49.0 
percentage points (95% confidence interval [CI], –65.0 to –33.1; P<0.001); the be-
tween-group least-squares mean absolute difference in the LDL cholesterol level 
was –132.1 mg per deciliter (95% CI, –175.3 to –88.9; P<0.001). The LDL choles-
terol level was lower in the evinacumab group than in the placebo group in pa-
tients with null–null variants (–43.4% vs. +16.2%) and in those with non-null 
variants (–49.1% vs. –3.8%). Adverse events were similar in the two groups.

CONCLUSIONS
In patients with homozygous familial hypercholesterolemia receiving maximum 
doses of lipid-lowering therapy, the reduction from baseline in the LDL choles-
terol level in the evinacumab group, as compared with the small increase in the 
placebo group, resulted in a between-group difference of 49.0 percentage points at 
24 weeks. (Funded by Regeneron Pharmaceuticals; ELIPSE HoFH ClinicalTrials.gov 
number, NCT03399786.)
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has not been previously performed. The SNP data used were obtained
from 8726 ankylosing spondylitis (5), 4017 Crohn’s disease (6), 16,691
multiple sclerosis (8), 2814 psoriasis (9), and 3871 ulcerative colitis (6)
patients and 19,738 controls (6, 8), all of European ancestry, who were
genotyped on the Immunochip. For fine-mapping, we imputed un-
typed SNPs using data from the 1000 Genomes Project to infer hap-
lotypes (16, 17), and we then jointly analyzed the patient and control
data bymultinomial logistic regression (18). The strongest association
signal is seen at rs34536443 (P = 3.87 ! 10!21), which is highly likely to
be the causative variant because this signal is explained by this SNP
alone (Fig. 1A and table S2). After controlling for this effect by con-
ditional analysis, a secondary association was observed at rs9797854
(P = 2.51 ! 10!12), which is the index SNP representing an associated
haplotype that includes a total of 19 SNPs (Fig. 1A and table S2).
Controlling for the first two signals revealed a tertiary association at
rs12720356 (P = 5.67 ! 10!9), which represents a haplotype that in-
cludes two other SNPs within the 90% credible set (Fig. 1A and table
S2). Further conditioning indicated no additional associations in the
TYK2 region, demonstrating that for the diseases analyzed, these three
associations explain the previously reported signals represented by
numerous different noncoding variants.

We next assessed the effect on protection against or risk for dis-
ease associated with carrying one or two copies of the minor allele
at the index SNPs for each of the three association signals. For both
rs9797854 and rs12720356, the allelic dosage effect fits an additive
model. However, the rs9797854 minor allele only confers protection
against multiple sclerosis, because we discovered no evidence of as-
sociation with the other autoimmune diseases tested. The rs12720356
minor allele was found to confer a previously unreported risk for
ankylosing spondylitis, risk for Crohn’s disease and ulcerative colitis,
and protection against psoriasis, but was not associated with multiple
sclerosis at all (Fig. 1B and table S3A). In contrast, the rs34536443
minor allele is protective across all of the diseases tested, and its dos-
age effect shows a previously unrecognized significant departure from
additivity (P = 5.97 ! 10!4) (table S3B), with minor allele homo-
zygosity conferring more than double the protective effect of carrying
one such allele (Fig. 1C and table 3C). Notably, for ulcerative colitis,
rs34536443-mediated protection is only observable in the homozy-
gous state. Collectively, the findings of our meta-analysis, along with
reports of association with other diseases (table S1), pinpoint
rs34536443 as the only SNP identified genome-wide to date that
protects against 10 different autoimmune conditions (Fig. 1C). This
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Fig. 1. Genetic associations in the TYK2 gene region across autoimmune disorders. (A) Joint association signal plots generated through multinomial logistic
regression analysis. Primary association with the signal at rs34536443 (red). Secondary association with the rs9797854 index SNP (blue). Tertiary association with
the rs12720356 index SNP. Scale bars indicate degree of linkage disequilibrium (LD) (r2) relative to each index SNP (green). Triangles indicate SNPs in the associated
SNP cluster (90% credible set). The genes in the region are shown below the signal plots. (B) Odds ratios (ORs) for index SNPs for each of the five diseases and 95%
confidence intervals (horizontal bars). For rs34536443, a nonadditive effect was observed, and ORs are shown separately for C/G heterozygosity (Het) and C/C homo-
zygosity (Hom). For rs9797854 and rs12720356, the ORs fit an additive model. (C) Summary of associations of the minor alleles at rs34536443, rs9797854, and
rs12720356 with psoriasis (Ps), rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), type 1 diabetes (T1D), ankylosing spondylitis (AS), Crohn’s disease (CD),
ulcerative colitis (UC), multiple sclerosis (MS), juvenile idiopathic arthritis (JIA), and primary biliary cirrhosis (PBC). The rs34536443 association for ulcerative colitis is shown
for the homozygous state; for all other associations, the allelic OR is depicted.
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Kokkuvõte

• Katkise valgu parandamine on keerulisem kui terve valgu katki tegemine 
(HBB)


• Head organoidi- ja rakumudelid kiirendavad ravimiarendust oluliselt (CFTR)


• Polügeensus tähendab, et sama protsessi on võimalik “sihitida” erineva nurga 
alt (kolesterool)


• Pleiotroopia - sama valk osaleb tihti mitmes erinevas protessis. Suur 
väljakutse on aru saada, millal ja kus mingit valku sihtida võib, ilma et sellega 
negatiivsed kõrvalmõjud kaasneksid. 


