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Abstract

Previous studies have shown that infection of gut tissues (esophagus-stomach-duodenum-
colon) by HIV is compartmentalized with increased HIV-1 diversity and selection for drug
resistance in the colon. We looked at the kinetics of HIV-1 in the gut tissues obtained from
infected patients receiving ART (i.e AZT or ddl). We established real- time PCR protocols to
detect HIV-1 proviral DNA forms. The total HIV-1 proviral DNA was the most frequent form
found in the gut tissues. 2-LTR proviral DNA was also detected but in low levels which might
indicate low viral replication. HIV-1 latent infection was also detected in the gut tissues as
represented by the integrated proviral DNA levels. The levels detected of the proviral DNA
forms varied between gut tissues, visits and patients, and no difference or correlation were found

for patients receiving AZT or ddI.
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Chapter One: Introduction
1.1 HIV/AIDS:

HIV/ AIDS (Human Immunodeficiency virus/ Acquired immunodeficiency syndrome) is a
serious disease which caused the death of 1.5 million individuals around the globe (1). Africa
still harbors more than 68% of all infections despite that it is only accommodating 13% of the

worlds’ population (2,3). In 2012, Canada has an estimated 85,000 people living with HIV (4).

HIV/AIDS is caused by an enveloped retrovirus, which was first isolated in 1983 from a
lymph node biopsy of an HIVV/AIDS patient with lymphadenopathy [swollen lymph nodes] (5).
Lymphadenopathy was considered a precursor to AIDS (5). AIDS develops on average within
five years in 20% of HIV-1 infected individuals, as the virus keeps replicating and targeting the
individual’s immune cells CD4+ T- cells (5). The continuous viral replication at 500-1000 RNA
copies/ml and the subsequent depletion of the CD4+ cell count from the normal range between
500 and 1,600 cells/pl to below 200 cells/pl in the blood. The drop of CD4+ cell count below
200 cell/ul together with the occurrence of opportunistic infections are the tell-tale signs of
HIV/AIDS (5,6-9). HIV-1 infection is commonly associated with hepatitis B or C virus co-

infection, tuberculosis and enterocolitis (5).

HIV is a highly variable virus and there are major types and subtypes. The two major types
are HIV-1 and HIV-2. HIV-1 is a wide spread epidemic variant of the virus (5), it has been
classified into various groups, due to the high rate of mutations and the genetic similarities (5).
HIV-1 groups consist of the outlier group (O) and the new group (N), which are found in west-
central Africa and Cameroon respectively (2). The major group (M) is the dominant group that is

further divided into clades or subtypes: A, B, C, D, F, G, H and K (5). Clade B is the subtype
1



circulating predominantly in the Americas and Western Europe (10). , HIV-2 is found primarily
in Western Africa, it is considered less pathogenic as it results in a slower progression to AIDS

than HIV-1 (5).

1.2 HIV-1 Genome and Life Cycle:

The HIV-1 genome consists of nine open reading frames and three of them encode the Gag
(Group- specific antigen), Pol (DNA Polymerase) and Env (Envelope) polyproteins, which are
proteolyzed into viral proteins that form structural proteins for new virions (11) (Figure 1). The
virus starts infecting the cell by binding to its specific receptor CD4 and co-receptors including
C-C chemokine receptor type 5 (CCR5) and C-X chemokine receptor type 4 (CXCR4). The HIV
envelope proteins gp120 and gp41 on the virus surface change conformation and causes the cell
membrane to change and fuse with the viral envelope membrane, which allows the nucleocapsid
of the virus to enter the host cell (5).The virus un-coats and starts the reverse transcription stage
(catalyzed by the viral reverse transcriptase (RT)), which converts the viral RNA into a double
stranded copy DNA (cDNA) containing long terminal repeats (LTRs) at each end (5) (Figure 2).
This proviral DNA travels to the nucleus with help of the viral integrase (IN) and integrates into
the host genome or stays unintegrated either as linear cDNA or circular forms (5, 11, 12). HIV-1
integrates at random in the genome flanked by the Alu elements (13). Alu elements are located in
different sites of the human chromosome and they are the frequent site of mutations (13). The
integrated proviral DNA starts transcribing from the 5’ LTR promoter using the host
transcription machinery, and transcription terminates in the 3’-LTR, which also functions as a

poly-adenylation site (5).



The viral protein Tat enhances the viral gene transcription rate and it is therefore considered
essential for the viral replication (2, 5). After transcription, the spliced and genomic- length
RNAs (~9 kb) are transferred to the cytoplasm, which in turn is regulated by viral Rev protein, in
order to be translated into the various viral proteins or in the case of the genomic transcripts
packaged into the virion (14). The Env mRNA is translated to in a gp160 precursor which is
cleaved to gp120 surface unit (SU) and gp41 or transmembrane region (TM) in the endoplasmic
reticulum (ER), which is transported to the cell surface membrane, where the virion is assembled
(11). The Gag proteins, matrix (MA), capsid (CA), nucleocapsid (NC) and p6 with Pol proteins
protease (PRO), reverse transcriptase (RT) and integrase (IN) are processed from Gag and Gag-
Pol polyproteins (11). They are assembled with the genomic RNA and the viral accessory
proteins Vif, Vpr and Nef to form an immature virion that begins to bud from the cell surface
(11). Vpu protein assists the release of the Env polyproteins by degrading the CD4 receptor (11).
Nef also degrades the CD4 and promotes endocytosis, which is considered to prevent reinfection
of the same cell (11). After the particle coated by the envelope is released from the cell surface, it
will start the maturation phase where the viral protease cleaves the Gag and Gag-Pol
polyproteins into the various individual (11). The new mature virion is then able to infect other

cells (11) (Figure 2).

1.31-LTR and 2 LTR Circles Formations:

During viral replication, the integration step of the viral DNA into the host genome is not
complete and a majority of it exists as unintegrated cDNA (12). The linear cDNA is one of the
unintegrated forms that the circular forms derive from (12). 1-LTR circles can be formed by a
homologous recombination of the proviral DNAs at the LTRs (12, 15). Another possible

explanation of this phenomenon is the ligation of interrupted reverse transcription intermediates
3



(12, 16). Moreover, the integration of the linear cDNA into itself can yield an internally
rearranged form (17, 18). This is so-called auto-integration, where the 3’-ends of the reverse
transcriptase being processed by integrase and targets sites within the viral DNA, leading to
internally rearranged or less than full length DNA circles (12). In addition, the ligation of the
cDNA ends by the host cell non-homologous DNA end-joining system yielding two long
terminal repeats (LTR) gives rise to the 2-LTR circles (18, 19) Figure-5 depicts a schematic
representation of the different proviral DNA forms. The non-homologous-end joining (NHEJ)
system exists in the host nucleus as a protection mechanism against a foreign double stranded
DNA (20, 21, 22). Ku is one of the NHEJ components, which associates with the viral cDNA
replication (22, 23, 24). It has been found that the inactivation of the NHEJ components, such as

Ku, ligase 4, DNA-PKcs or XRCC4 leads to the reduction in 2-LTR formation (3, 13, 25).

Furthermore, cellular DNA repair factors such as xeroderma pigmentosum type B (XPB) and
xeroderma pigmentosum type D (XPD) were found to play a role in viral integration inhibition.
These cellular helicases are part of transcription factor Il type B (TFIIB) basal transcription
complex that repairs the DNA nucleotide excision and the reduced function of these two

components led to the degradation in retroviral cONA and no 2-LTR formation (12, 26).

Another DNA repair factor that inhibits the viral integration are RAD 18 and RAD 52 genes
(12). RAD 18 enzyme plays a role in post-replication DNA repair mechanism as it stabilizes HIV
integrase (12, 27). In RAD 18 knocked out cells, the cells became more susceptible to HIV and
MLV infection (12, 28). Moreover, RAD 52 is another DNA repair component that prevents the
retroviral infection (12, 29).This homologous recombination (HR) repair protein increases the

level of HIV-1 transduction when its expression is reduced (12, 29). It is also found that the 2-



LTR levels were reduced in RAD 52 over-expressing cells and no sign of apoptosis, indicating

that RAD 52 has a direct effect only on the linear viral cDNA (12).

In addition, apolipo protein B mRNA editing enzyme catalytic polypeptide like 3G
(APOBEC3G) and apolipo protein B  mRNA editing enzyme catalytic polypeptide like
(APOBECS3F) are the host restriction enzymes that may affect HIV unintegrated proviral DNA
formation (12, 30). They mutate the virus by introducing cytidine instead of uracil in the first
strand of the viral DNA synthesis, which interfere with the viral replication (12, 31). Before
integration, APOBEC3F inhibits the 3° process of the viral cDNA (12, 32). Moreover,
APOBEC3G generates a 6 base extension at the U5 end of the viral 3’LTR which makes the
linear cDNA unsuitable for integrase function (12, 32). This process led to the reduction in 2-

LTR forms by two folds in cells lacking the APOBEC3G (12, 32).

Despite this host defense mechanism, HIV transcription and thus replication can continue
from 2-LTR proviral DNA forms (12). As seen in SIV infection, the 2-LTR forms were
accumulated in recently infected targeted cells, suggesting viral replication (33, 34). In addition,
a high level of unintegrated DNA HIV-1 DNA was found in the brains of HIV/AIDS patients
with dementia (36, 37). Although this study did not distinguished between the different
unintegrated DNA forms, it is supporting the study where they found a significant correlation
between the presence of 1-LTR and 2-LTR forms and HIV-1 associated dementia (36, 38). In a
study on T cells line infected by HIV-1, 1-LTR and 2-LTR was detected followed by syncytium
formation and infectious viral particles production (36, 39). This cytopathic infection was also
found in PMBCs of patients during seroconversion (undetectable HIV-1 RNA levels) as the

levels of 2-LTR were high and CD4 count was low (36, 39).



Uracil DNA glycosylase 2 (UNGZ2) is another DNA repair factor (uracil base excision) that
plays a role in stopping HIV-1 from integration into the host chromosome and might lead to 2-
LTR formation. (12, 40). The role of UNG?2 is still not clear as some studies found that HIV-
1Vpr protein with UNG2 directly inhibit the retroviral DNA pre-integration (12, 31). However,
UNG?2 role in HIV-1 infection is not clear (12). In a contrary study where they found that HIV-1
DNA can tolerate a high uracil environment, which protects the virus from auto-integration (12,
41). This study suggest that 2-LTR formation is not possible under UNG2 influence and more

studies are needed to know the precise role of UNG2 in the HIV-1 life cycle.

In a recent study where they blocked the HIV-1 DNA integration into the host genome using
Raltegrevir (RAL) (see section 1.4 for RAL mechanism), 2-LTR forms were accumulated. In
comparison, the levels of 2-LTR forms in the presence of RAL were higher than the levels after
the removal of RAL (42, 43). This decrease in 2-LTR forms lead to the formation of the linear
HIV-1 DNA and its integration into the host genome (43). From this previous study the RAL
inhibitory effect can be reversed, which demonstrate the 2-LTR role in restoring the viral
replication (43). As seen in long-term HIV-1 elite suppressors who naturally control the levels
of HIV replication, the levels of 2-LTR forms were increased in the absence of antiretroviral
therapy (43, 44). Interestingly, the long lasting existence of 2-LTR forms in the nucleus and due
to its unique feature, is used as a biomarker of ongoing HIV-1 replication and infection despite

antiretroviral therapy (18, 34).



1.4 HIV-1 Therapy and Drug Resistance:

1.4.1 Anti-HIV-1 Therapy:

At the end of 2013, an estimated 35 million individuals over the globe were living with HIV
(1). Due to the unavailability of an HIV-1 vaccine, primarily therapeutic methods have been
established to control the disease (45, 46). Zidovudine (AZT - Azidothymidine) was the first
antiretroviral (ART) drug to treat HIVV-1(156). This monotherapy is a thymidine analog, which
inhibits the viral reverse transcription by terminating the proviral DNA extension (5). These
nucleoside analogs are known as nucleoside RT inhibitors (NRTI) (47). However, the relatively
quick emergence of resistant HIV strains limited the benefits of AZT in slowing the progression

of HIV infection to AIDS (5, 14-16).

In 1996, a combination of two antiviral drugs was recommended as an initial treatment for
HIV infection, and that included two nucleoside analogues or NRTIs [AZT and didanosine (ddl)]
(48, 49). This first type of combination antiretroviral therapy (CART) was found to reduce 23%
of HIV related mortality and delayed the HIV progression to AIDS or death compared to AZT
alone (49-51). Lamivudine (3TC) was also used in combination with AZT to treat healthcare
workers or other individuals exposed to HIV infection after accidental contact with HIV-
contaminated blood, tissues, or other body fluids (50, 52). In 1997, highly active antiretroviral
therapy (HAART) was introduced as a combination of three drugs from different drug classes,
such as the combination between two NRTIs with protease inhibitors (PI) or two nucleoside
reverse transcriptase inhibitors (NRTIS) with one non- nucleoside reverse transcriptase inhibitor
(NNRTI) (5, 47, 53). HAART became the standard treatment for HIV-1; for example, the

combination between ddl, Lamivudine (3TC) and Efavirenz (EFV) has been highly effective in



supressing viral replication to undetectable levels (<50 copies/ml) in the plasma; as well as in
preventing HIV-related disease progression (59,60). Furthermore, HAART’s effectiveness has
shown significant improvement in patients’ compliance to therapy, which resulted in an overall

better clinical outcome (22).

Currently, there are five classes that inhibit different steps in the HIV life cycle (5). As
previously mentioned, both the NNRTIs, NRTIs are in the class that inhibits the HIV reverse
transcriptase step required for the virus’s transition from viral genomic RNA to proviral cDNA
(5, 47). Another class is the protease inhibitors that will stop the protease from cleaving the HIV
polyproteins, which is important in the maturation of the virion, and results in non-infectious
virus (5, 47). In addition, the fusion or entry inhibitor class blocks the fusion between the viral
envelope with host cell membrane so the HIV will not enter the host cell (61). Integrase
inhibitors are the fourth class of drugs that blocks the HIV proviral DNA from integrating into
the host chromosome. The fifth class of drugs available are the viral attachment inhibitors. An
example of this is the CCR5 attachment inhibitor, which blocks the virus from using the CCR5

co-receptor (61)

HIV treatments have helped many people around the world (61). However, apart from the
costs also the problem with drug toxicity limits the number of patients who can benefit from HIV
therapy (61). It has been shown that at least 15% of patients do not respond well to protease
inhibitors and experience serious side effects (61). For example, Saquinavir is one of the
important drugs included in highly active anti-retroviral therapies (HAARTS) and it was found to

cause atherosclerosis in HIV patients (62).



1.4.2 Treatment of HIV-1 in Africa:

Before HAART, AZT was the treatment of choice for HIV-1; it was not an effective therapy
because it only provided the patients with approximately 6 more months to live (53). Soon after
the introduction of AZT HIV-1 resistant strains emerged (53). To overcome this problem the use
of two drugs were introduced, which reduced the HIV-1 viremia and drug toxicity in patients
(53). For example, the combination between AZT and DDI lowered the AZT toxicity and the
possibility of developing drug resistance to either one of the drugs, because in case drug

resistance developed the other drug can be sufficient enough for effective treatment (53).

In most developing countries the standard HAART includes two NRTI’s (AZT and 3TC) and
one NNRTI’s (NVP) (53, 54). In addition, the protease inhibitor is one of the important drug
class included in HAART, which gives better results in managing AIDS. However, the cost of
the drug makes it not available in developing countries (53, 55). In comparison, the United States
of America offer HAART to HIV-1 patients when their CD4+ count fell below 350 cells/mm? or
the viral load is <25,000 RNA/mI whereas in Africa the therapy is offered later in HIV-1
infection. For example, African patients are offered HAART when they show AIDS- defining
indications, such as CD4+ count below 200 cells/mm? with viral load >50,000 RNA/mI (53-58).
HAART is offered in some countries in Africa at late stages of HIV-1 infection, it showed high
rate of mortality and increase in CD4+ cells count (53-55, 56-58, 63, 68, 69). However, HIV-1 is
still considered a global health issue and Sub-Saharan Africa is still the most affected area by
AIDS contributing to 70% of the total globe new infections (1). HIV positive Africans are
tormented by fear of discrimination, fear of HIV- stigma and conflicts between traditions and
faith- based beliefs, which makes it challenging to reach all eligible individuals to receive

treatment (64, 68). Globally, 12.9 million people living with HIV and were receiving ART at the
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end of 2013 (1). Under the 2013 WHO guidelines, the HIV treatment coverage in low- and
middle-income countries represented only 34% (32-37%) of the 28.6 million people eligible in
2013 (66). In Africa, 25.2 million people living with HIV of them 7.6 million were receiving
ART at the end of 2012 (67). Despite the rise numbers of people receiving ART in Africa, the
limited resource setting raise concerns of successful treatment for AIDS in Africa (68, 69, 70).
For example, 25% of HIV positive patients receiving ART do not come for follow up after a year
of treatment (71). These patients have to deal with long walks to health centers or high
transportation cost, hours of waiting in line to receive the medications and poor and stigmatizing
consultation (71). In addition, 25% of treated patients do not successfully suppress the virus (71,
72). Moreover, key populations (men who have sex with men, sex workers, injected drugs users
and transgender people are facing barriers to access of health services and low to extremely low
access to antiretroviral therapy (67). At the end of 2012, men represent 40% of all the eligible
people for treatment in Africa under the 2013 WHO guidelines (67). These men represent only
36% of the antiretroviral therapy recipients in Africa alone (67). In addition, an estimated of 50
young women are newly infected with HIV every hour in Africa due to sexual violence and
abuse (66). There are also signs of increased unsafe sexual behaviors in some African countries
which increases the burden of controlling HIV infection (66). Although the access to ART
reaches 62% of pregnant women living with HIV, it is still not accessible among pregnant sex
workers, transgender women and drug users (66). Furthermore, the mother to child transmission
can be reduced to <5% by ART (66). As a result, 52% decrease in new HIV infections in
children was achieved since 2001 until 2013 (66). In the contrast, HIV treatment coverage for
children is still half of the coverage for adults in 2012 as only 647,000 children under the age of

15 were receiving ART (66). Another problematic aspect of treating HIV infected children is
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among adolescents (73, 74) as they do not access HIV testing and counselling leading to the
number of AIDS- related deaths to increase from 2001 to 2012 in that group (67). Similar reports
from 2005 and 2012 found that the annual number of AIDS-related deaths was almost doubled in
adolescents (67, 75). These facts gives the urgent need to reach all HIV-1 infected regions in
Africa by increasing the efforts of building HIV services centers that includes testing,

counselling and treatment as some areas still do not have HIV therapies.

In addition, HBV is another health issue alongside HIV-1 infections in South Africa (73).
Overall, co-infection represent 20-30% among HIV-1 infected individual (76, 77, 78). Those
patients are treated with monotherapy (lamivudine) to treat their HBV infection (73). However,
the emergence of lamivudine resistance to both HIV and HBV rose and became problematic in
the developing world (73). WHO guidelines to treat HIV recommended the use of Tenofovir
(NRTI) and Lamivudine (NRTI) to treat HIV-HBV co infection patients, but the limited access
to Tenofovir made ART unobtainable in South Africa (73). HIV-1 patients in Africa receiving
monotherapy might be possible due to the limited access to HAART. Only one drug is
considered ineffective against HIV-1 as the virus continues to replicate and attack the immune

system.
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1.4.3 HIV-1 Vaccines:

The stimulation of an effective immune response against the highly mutating HIV-1 virus is
one of the qualities needed in HIV-1 immunotherapy (79, 80, 81). To be protective, the HIV-1
vaccine has to induce response that acts in matter of few days before the establishment of HIV-1
latent reservoirs (79, 81, 82). HIV-1 vaccine development started soon after the virus became a
wide spread health issue with more than 218 HIV vaccines going through clinical trials (79, 83-
85). Only 5 HIV vaccines have been advanced to phase Ilb and Ill clinical trials (79, 85).
VAX003 and VAX004 are HIV vaccines which they have been tested in phase 11 clinical trials
(79, 86, 87). These vaccines are bivalent recombinant HIV-1 envelope (Env) gp 120 B/E and

B/B clades that induced antibodies, but did not reduce HIV-1 infection (79, 86, 87).

One of the vaccines that was advanced to phase Ilb clinical trial is the adenovirus serotype 5
vector expressing HIV-1 antigens including (gag, pol and nef) genes (79,88). This vaccine was
not protective against the virus, due to the selective immunity and an elevated CD8+ T cells
response (79, 88). The most recent vaccine in phase Ilb clinical trial was the deoxyribonucleic
acid (DNA) vector expressing HIV-1 clade B Gag, Pol and Nef proteins and multi- clade Env
proteins followed by a recombinant adenovirus type 5 boost, but protective immunity was not

observed (79, 89).

One vaccine was successful in reducing HIV -1 acquisition, and consist a recombinant HIV-1
(env-gag-protease) canarypox vector prime and a recombinant gp 120 plus alum boost (65, 79).
This vaccine was tested in clinical trials phase Ill but had a limited efficacy of 31% (65, 79).
Following this study, it was found that Env V1-V2 immunoglobulin (Ig) G antibodies correlated

with HIV reduced acquisition and IgA Env antibodies as a risk in the previous trail (79, 90, 91).
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It was also found that the antibody-dependent cell-mediated cytotoxicity (ADCC) activity may
have a protective effect against HIV-1 infection (79, 90, 91). For this reason, the current HIV-1
vaccines are working on stimulating cytotoxic T lymphocyte (CTL) response and antibodies (53,
79). One vaccine has been established using this approach. In macaques an SIV vaccine,
inducing neutralizing antibodies was found to protect the macaques from SHIV (HIV/SIV
chimera) infection (79, 92). Moreover, in vitro analysis showed the CTLs response was also
effective against CD4+ T cells and stabilizing the viral load levels (79, 92). This vaccine seems
promising in animal models, but human trails are still needed to determine the efficacy of the

vaccine against HIV-1 infection (79).

In summary, so far all vaccine trials have failed or were disappointing with regard to
protection, but they have given us valuable insight that are guiding the ongoing efforts in
developing a vaccine. However, a vaccine will not be available in the near future, and our best

weapon against HIV-1 infection will remain prevention and antiretroviral therapy.

1.4.4 Drug Resistance Mechanisms:

Despite the different HIV treatments with their clinical benefits, they are not considered a
cure as they do not appear to clear the virus from the patient (5). The high HIV mutation rate of
the reverse transcriptase, which is beneficial for viral immune escape, also results in the
development of drug resistance to almost all classes of the drugs (5, 47). The best understood
resistant mechanisms are the ones against NRTIs, NNRTIs and Pls. The NRTIs are non-
extendable nucleoside analogues that stops the proviral DNA chain from growing (47).The
resistance to NRTIs can occur by two mechanisms. One of them results in the increased drug

discrimination by the nucleotide binding site of the reverse transcriptase (47). The other
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mechanism involves mutations that prevent the NRTIs from being incorporated or increased
excision from the cDNA, although the drug is bound to RT (47). NNRTIs bind to an amino acid
pocket in the reverse transcriptase that allows them to block the enzyme movements required for
the viral DNA to be synthesized. The resistance mutations keep the pocket closed so the NNRTIs
are no longer able to interact (47). As indicated, development of drug resistance also occurs for
protease inhibitors. These drugs are designed to prevent gag and gag-pol protein from being
cleaved by the viral protease, which leads to a block of virion maturation and infectivity (47).
However, the viral mutation changes the structure of the protease, which makes it hard for the
drug to bind and block its activity (47). Raltegrvir (RAL) is the only integrase inhibitor approved
by the food and drugs administration (FDA) and it is one HAART component (93). RAL works
on blocking the IN strand transfer reaction (93). However, the discovery of 30 integrase inhibitor
mutations raises a challenge in HIV-1 treatment, since most of these mutations are located in the
IN active site within the core domain which is also the binding pocket for integrase strand
transfer inhibitors (INSTIs) (93). The mutations can positively affect viral capacity to replicate
and all work together to either improve the fitness of the replication or/ and increase the viral
resistance to integrase inhibitor (93). The rise of drug resistant mutations are problematic for
treating HIV-1, but the persistence of the virus in various reservoirs and drug sanctuary sites is

another problem in preventing the eradication of the virus.

In addition to continuous viral replication as a result of drug resistance mutations, HIV
replication also persists in sanctuary sites, such as brain and testis (94, 95, 96). Moreover, it has
also been shown that despite the successful antiretroviral therapy HIV persist in the cells of the

gut associated lymphoid tissues (GALT), suggesting that the gut may also act as a sanctuary
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against the antiretroviral drugs (95, 97, 98). The role of HIV-1 reservoirs will be discussed

below.

1.5 HIV-1 Reservoirs:

The definition of a viral reservoir is any HIV-1 infected cell with half-life longer than 1 day
(99). Macrophages are considered a reservoir for HIV-1(99). Late in HIV-1 infection
macrophages are prominent due to the majority of CD4+ T cells being lost (99, 100). In vivo,
macrophages were found to be resistant to the viral cytopathic effects, which make them live
longer than CD4+ T cells (99, 101). It was also found that macrophages remained persistently

infected in pre- HAART era patients (102, 103-105).

Another HIV-1 reservoir is the central nervous system (CNS) (99). In the CNS, astrocytes,
microglial cells contain HIV-1 DNA (106). Studies in untreated patients asymptomatic for HIV
infection, the latent reservoirs were already established in the brain tissue early in infection
(106). HIV-1 infects perivascular macrophages and microglial cells within the CNS (105). The
central nervous system (CNS) is also considered a sanctuary for HIV for continuous replication
under antiretroviral therapy, as some antiretroviral drugs cannot cross the blood- brain barrier.
This continuous replication in the brains is linked to serious neurological complications, such as
HIV associated dementia even under antiretroviral therapy (5, 94, 95). However, in 25-50% of
HIV-1 patients receiving HAART neurocognitive impairment was not observed and patients did
not show continuous viral replication in their CSF. Thus this data would suggests that CNS may
not be an HIV-1 reservoir, and more investigation is needed (99, 107) However, in SIV infection
neurological disease was observed in macaques and SIVV DNA was detected despite HAART (60,

99).
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Studies have shown that mast cells (MCs) progenitors were susceptible to HIV-1 infection (108).
It was also found that stimulation of these latent infected mast cells led to the viral replication
resumption, and indicates they are reservoirs for HIV-1 infection (108, 109). Further evidence in
support of the concept of mast cells as HIV-1 reservoirs, is the fact that they are long lived. They
also exist in all tissues close to blood vessels and epithelial interface, which exposes them to
“environmental factors” (108, 110). The presence of mast cells in tissues with inflammatory
conditions leads to the migrations of some mast cells to other organs (108, 111). For example,
mast cells migrate to lymph nodes and spleen containing CD4+ T cells, HIV-1’s main target,
which enables continuous viral dissemination (108, 111). Similarly, B-cells have the ability to
capture a virus, migrate to other tissues and interact with CD4+ T cells, which make them an
extracellular reservoirs for HIV-1 (112). The similarity in HIV-1 sequences obtained from
peripheral blood B-cells and CD4+ T cells is the evidence for the interaction between the two

cell types (113).

Follicular dendritic cells are another HIV-1 reservoir as they trap the virus with mostly intact
replicative components compared to other infected cells and tissues, which enable the virus to

persist for years (114).

In addition, CD34+ hematopoietic cell progenitors were shown to serve as reservoirs to latent
HIV-1 infection. This latent state can be reversed to its active state using cytokines in vitro and

vivo (108, 115).

1.6 The Immune System in the Gastrointestinal Tract and Blood:

The gut- associated lymphoid tissue (GALT) contains mesenteric lymph nodes, Peyer’s

patches in the small intestine, and follicular aggregates in the large intestine, appendix and

16



cecum (82,116). Lamina propia lymphocytes and intraepithelial lymphocytes are also included
within GALT. In earlier studies of the GALT, the Peyer’s patch dome was found to be covered
by cuboidal epithelial cells expressing class 1l major histocompatibility complex (MHC)
antigens, few goblet cells and M cells ( microfold cells) (118, 119). Moreover, macrophages and
dendritic cells were also found in Peyer’s patches dome (118). The dendritic cells in the lamina
propia of the small and large intestine are considered antigen presenting cells (118-120). In
addition, Peyer’s patches are enriched with B-cells with IgA surface molecules beside the
predominant IgM- B cells, which makes the GALT a major site for IgA responses (118). Peyer’s
patches are also enriched with T-helper-inducer subset (Th) supressor- cytotoxic T cells and
contra-supressor T-cells (118). After antigen exposure, Peyer’s patches generate Th and IgA-B
cells that afterward will travel through the mesenteric node into the thoracic duct to enter
circulation before the selective migration to the mucosal surfaces (118). After the migration of
the IgA- lymphoblasts into the antigen stimulated organ, they secret antibodies and remain in this
organ until they die within a few days (118-121). In the contrast, the memory cells that produces
B and T cells lymphoblasts after being stimulated by antigens were found recirculating in the
mucosal lymphoid tissue (37, 118). Other studies found that the lymphoblasts had the ability to
distinguish high endothelial cell receptors in the colon indicating a unique specificity of the
colon’s homing lymphoblasts (118). However, the magnitude and persistence of the immune
response in the colon is affected by the presence of antigens and antibody producing cells. (37,
118). The colon epithelial cells do not express class Il MHC needed to induce T cell immune
responses unless it is inflamed (118), while it is normally expressed in the small intestine (118).
The different and complex immune cell expression patterns and lymphocytes components in the

gastrointestinal tract play a role in HIV-1 dynamics in HIV/AIDS progression. The persistence of
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the virus in the different gut tissues leads to continuous inflammation (118). This inflammation
in gut tissues fuels it with new T-cells for the virus to target, which makes it hard to control the

progression of HIV/AIDS (118).

In healthy individuals 80% of the total lymphocytes are found in the GALT and ~40 % of
them are CD4+ T-cells (82, 116, 122). In comparison to the blood, T lymphocytes are 2-5% of
total lymphocytes (116, 123, 124) which suggest a different infection rate between different
compartments (116). HIV RNA was detectable in 0.01-1% of peripheral T- cells and 60% of

mucosal memory CD4+ T cells during acute infection (82, 122, 129).

1.7 HIV-1 in the Gut:

Abnormalities in HIV infected individuals’ GI mucosa date back to the carliest observations
by Kotler and colleagues, which included malabsorption and lymphocyte depletion (122). The
gut associated lymphoid tissue (GALT) is the largest lymphoid organ in the body that contains
the vast majority and most complex pool of immune cells (123). However, only in the last
decade, it became increasingly clear that the GALT is in fact a main reservoir for viral
replication, CD4+ T-cells depletion and an important compartment containing specific viral
variants (95, 97, 125). Approximately, 30% of HIV/AIDS patients suffer from gastrointestinal
dysfunction (GI), but the role of GALT in the HIV GI disease and the viral dynamics are still
largely unknown (46, 97). Diarrhea, intestinal permeability and GI inflammation are some of the
symptoms of HIV enteropathy (33). Gl inflammation mediated by activated lymphocytes causes
damage to the Gl epithelial cells, and the degree of inflammation is found to be correlated with
viral replication (122, 126). Early studies already suggested that the intestinal mucosa can be the

site of HIV replication and CD4 T-cells depletion, which was further confirmed by the fact that
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the GI tract was significantly depleted from CD4 T-cells early in HIV infection (122, 127, 128,
130-132).These increased viral loads lead to T-cells depletion and disease progression (5, 127).
Another illustration of the effect on disease progression was the fact that HIV-1 infection of
epithelial cells leads to inflammatory factor secretion (TNF-o, IL-6) (133). The continuous

inflammatory response is considered a chronic HIV-1 infection feature (133, 134).

In a recent study, the gastric epithelial cells were suggested as a natural target for HIV-1
infection (133). HIV-1 particles were detected in the gastric epithelial cells obtained from
asymptomatic and AIDS patients (133). In asymptomatic patients, a small number of HIV
infected epithelial cells were found in the lamina propia (5.1%) HIV-1 infected grandular acini
(13.2%) whereas the numbers increased in AIDS patients, HIV-1 infected gastric epithelial cells
(17.3%) HIV-1 infected gralndular acini (34.2%) (133).These numbers show that the HIV-1
infected gastric epithelia cells increased in chronic HIV-1 infection (133). Furthermore, a
positive correlation between the numbers of HIV infected epithelial cells from the gastric
mucosa and the blood viral load was found (133). The higher the viral plasma load the higher
numbers of HIV infected epithelial cells found in the gastric mucosa (133). In contrast, no
correlation was found between the number of HIV-1 infected epithelial cells in the gastric
mucosa and its plasma viral load (133). Many studies suggest that the gut is considered a
sanctuary, where the virus can hide out and keeps replicating despite successful antiretroviral
therapy, similar to what has been seen in the simian immunodeficiency virus (SIV) model (35,

95, 97, 135).

It was found that the HIV proteins have various effects on enterocytes (136, 137, 138). For
example, Tat protein inhibits the uptake of glucose (97, 118). Gp120 of HIV has the ability to

increase the calcium levels in the enterocytes, which leads to a decrease in the epithelial cells
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ability to balance this ion (138). Moreover, HIV was found near abnormal enlarged enterocytes,
which may suggest that HIV might be the reason behind the observed abnormal enterocytes
differentiation (137). Studies by our lab showed that viral species in the gut tissues (esophagus-
stomach- duodenum and colon) were compartmentalized, with increased viral diversity within
the colon (96). Our lab also found that drug-resistant HIV variants differed in the various gut
tissues compared to the blood. Moreover, after zidovudine treatment the level of resistance to
this drug was increased in the colon (95). The latter finding is of interest as it has been shown
that HIV-1 replication appears to continue in the colon under apparent successfully suppressive
HAART. These combined observations suggest that the HIV-1 viral dynamic differs

significantly amongst the different gut tissue compartments even under HAART.

1.8 Rationale:

The observations by our lab and others suggest that HIV-1 replication is highly dynamic in
the gut even under antiretroviral therapy. In order to get a thorough understanding of the viral
dynamics in the gut of the HIV-1 infected individual, a comprehensive analysis of the levels of
HIV-1 infection and replication in the gut tissues needs to be performed. To extend the previous
studies the viral load (2-LTR circles and integrated HIV DNA) needs to be quantified in the
different gut tissues and blood. These results will be compared with existing data from the lab
and previous studies that will allow us to get a better overview off how HIV-1 dynamics (i.e.
viral replication) in the GI tract and GI dysfunction are linked. A recent study by Zhu and
colleagues (2011) assessed the levels of 2-LTR circles, the total HIV-1 and integrated DNA in
HIV-1 infected patients during the early phase of HAART therapy, to get insight into the
persistence of viral replication under therapy. They established real- time PCR methods based on

methods developed by Butler et al and Brussel et al to measure the different HIV-1 proviral
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DNA forms in peripheral blood mononuclear cells (PBMC’s) of HIV-1 positive patients (19, 24,
139). The authors were able to easily detect changes in the 2-LTR circles levels compared to
other HIV-1 DNA forms during the first 12 weeks of receiving HAART, thereby gaining insight
into the persistence of viral replication under HAART in the lymphocyte reservoirs in the blood.
Many studies looked into the effect of antiretroviral therapy, especially HAART on the viral
loads in blood samples or other tissues, but very few studies have quantified 2-LTR circles and
HIV-1 integrated DNA amounts in the different tissues of the gut (Esophagus-stomach-
duodenum and colon). Moreover, we have access to unique gut tissue samples from HIV-1
infected individuals from the pre-HAART era. These samples are not ideally suitable for regular
viral load analyses due to the low quantities of RNA as a result of the age of the samples and
rapid degradation of RNA. Therefore, analyzing the 2-LTR proviral DNAs and integrated
proviral DNA, together with the data on viral evolution our lab has already obtained, will enable
novel insights into the viral replication dynamics in the gut under suboptimal therapy that has not
been obtained previously. Developing reliable real-time PCR essays for the Gl tract similar to
those described above, will enable us to study in more detail the kinetics of HIV-1 infection

under different therapies in the gastrointestinal tract.

1.9 Hypothesis of the Study:

We hypothesize that HIV-1 proviral DNA (integrated and 2-LTR forms) levels vary in the

different parts of the gut in HIV patients receiving ART.

Aim 1: Optimize the PCR conditions and the quantitative real-time-PCR protocols to determine

2-LTR forms and integrated proviruses in patient gut biopsies and blood samples.
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Aim 2: Use the optimized protocols on patient gut biopsies and blood samples to determine how
much of the different proviral DNA forms are present in each tissue (Esophagus-stomach-

duodenum and colon) compared to blood.

Aim 3: Monitor the changes in the proviral DNA (integrated and 2-LTR) levels over time in

patient gut biopsies and blood samples taken at 6-8 months intervals under different therapies.
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Chapter Two: Material and Methods

2.1 Patient Samples:

The samples were obtained from a cohort study (42 patients) that has been done previously at
the Southern Alberta Clinic (SAC). The University of Calgary Conjoint Health Research Ethics
Board (CHREB) has approved all studies (E-832). The patients enrolled were homosexual males
with HIV infection and suffered from various degrees of Gl dysfunction. The samples were
collected between 1993-1996 before HAART was introduced at the SAC. HAART was
introduced at the SAC in 1997. Gut biopsies were collected at 6-8 months intervals and for a
majority of the patients, tissues were harvested 4-5 times for each patient during the period of the
study. On the patients’ first visit, gut biopsies (Esophagus (E), Stomach (S), Duodenum (D), and
Colon (C) and blood (Plasma and PBMC) were collected, while on the subsequent second visit
we collected only blood. Due to the invasive procedure of collecting the gut biopsies from the
patients, the gut biopsies were collected every alternating visit. The sample type on each visit
follows the same pattern is represented in Table 1. The patients’ antiretroviral therapy during the
study consisted of monotherapy with AZT, ddl, ddC, d4T and 3TC or a combination. In this
study, we tested PBMC samples from 18 patients and gut tissues were tested from 14 patients.
We also included analysis of samples taken between year 2008 and 2010 of the surviving
patients from this cohort study, who are on HAART to compare our results before and after
HAART. A summary of the clinical information of the HIV-1 infected patients is represented in

Table 2A-2B-2C-2D and 2E.
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Table 1: Types of Samples on Each Visit.

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Gut biopsies Blood Gut biopsies Blood Gut biopsies
+ (Plasma +PBMC) + (Plasma +PBMC) +
Blood Blood Blood
(Plasma +PBMC) (Plasma +PBMC) (Plasma +PBMC)

Table 2A: Summary of the Clinical Information of Patients #1 to #3.

Patient ID Date of started | Date of HIV Type of CD4 T-cell | HIV viral
number therapy diagnosis Antiretroviral count load
therapy (copies/ml)

1 06-Apr-1993 30-Jun-1986 ddI+AZT+3TC 184 500
07-Sep-1993 AZT+ ddl 276 400
18-Jan-1994 AZT 210 240
31-May-1994 AZT 324 1,600
25-Oct-1994 AZT+ dd| 253 3,300
21-Feb-1995 AZT+ ddl 187 3,700
06-Jun-1995 AZT+ ddl 151 730
05-Dec-1995 AZT+3TC 214 750

2 06-Apr-1993 30-Jun-1989 ddl 187 17,000
07-Sep-1993 dat 40 16,000
24-Jan-1994 - 460 130,000
03-May-1994 - 12 26,000
13-Sep-1994 -

3 06-Apr-1993 30-Jun-1989 ddl 144 20,000
07-Sep-1993 ddi 187 1,200
25-Jan-1994 AZT 162 210,000
03-May-1994 AZT 120 220,000
13-Sep-1994 77 430,000
17-Jan-1995 - 96 210,000
09-May-1995 DAT 82 54,000
24-Oct-1995 AZT 69 110,000

Ther3TC
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Table 2B: Summary of the Clinical Information of Patients #5 to #14.

Patient ID Date of started | Date of HIV Type of CD4 T-cell | HIV viral
number therapy diagnosis Antiretroviral count load
therapy (copies/ml)

5 13-Apr-1993 30-Jun-1991 dd! 340 250
14-Sep-1993 ddl 399 1,400
18-Jan-1994 ddl 286 400

400 2,500
10-May-1994 ddl 340 28,000
27-Sep-1994 ddl 315 6,800
21-Feb-1995 ddl 275 26,000
20-Jun-1995 ddi 239 46,000
03-Oct-1995 dd!

7 20-Apr-1993 30-Jun-1992 ddl 294 34,000
21-Sep-1993 dd! 240 4,800
22-Feb-1994 ddl 234 90,000

187 110,000
06-Sep-1994 dd! 146 180,000
28-Mar-1995 AZT 141 140,000
04-Jul-1995 AZT 148 120,000
24-Oct-1995 AZt+ ddc 188 7,028
06-Feb-1996 AZT+ ddc

8 20-Apr-1993 30-Jun-1988 ddl 432 2,100
14-Sep-1993 ddl 360 1,400
11-Jan-1994 ddl 450 3,500
10-May-1994 384 20,000
15-Nov-1994 ddi 325 23,000
07-Mar-1995 ddl 376 7,900
04-Jul-1995 - 372 28,000
10-Oct-1995 - 310 22,000

14 11-May-1993 30-Jun-1986 ddl 540 4,900
14-Sep-1993 ddl 520 6,100
11-Jan-1994 ddl 672 3,400
21-Jun-1994 494 4,300
04-Oct-1994 dd 588 16,000
02-May-1995 ddl 510 14,000
10-Oct-1995 ddl 519 11,000
06-Feb-1996 ddl 491 3,900
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Table 2C: Summary of the Clinical Information of Patients #16 to 20.

Patient ID Date of started | Date of HIV Type of CD4 T-cell | HIV viral
number therapy diagnosis Antiretroviral count load
therapy (copies/ml)
16 25-May-1993 30-Jun-1989 dd! 690 250
26-Oct-1993 ddI 594 400
01-Feb-1994 ddl 975 400
520 400
17-May-1994 dd! 576 400
17-Oct-1994 ddl 4165 400
17-Mar-1995 ddl 688 1,000
13-Jun-1995 dd! 466 400
12-Dec-1995 ddl
18 26-May-1993 30-Jun-1990 ddl 104 6,000
09-Sep-1993 dd! 112 26,000
13-Jan-1994 ddl 120 370,000
100 320,000
12-May-1994 dd! 90 430,000
22-Sep-1994 dd! 97 15,000
16-Feb-1995 ddl 115 12,000
22-Jun-1995 AZT+ ddc 82 14,000
02-Nov-1995 AZT+ ddc
19 01-Jun-1993 30-Jun-1991 dd! 77 8,000
14-Oct-1993 AZT 78 6,800
25-Jan-1994 AZT 22 200,000
03-May-1994 38 110,000
15-Nov-1994 AZT 42 46,000
28-Mar-1995 AZT 19 9,400
27-Jun-1995 AZT 17 47,000
03-Oct-1995 AZT 82 20,000
20 08-Jun-1993 30-Jun-1988 ddl 252 83,000
20-Oct-1993 ddi 330 6,900
04-Jan-1994 ddl 198 14,000
03-May-1994 140 120,000
06-Sep-1994 ddl 63 330,000
31-Jan-1995 ddl 30 210,000
09-May-1995 ddl 49 280,000
03-Oct-1995 ddl 46 190,000
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Table 2D: Summary of the Clinical Information of Patients #22 to #309.

Patient ID Date of started | Date of HIV Type of CD4 T-cell HIV viral
number therapy diagnosis Antiretroviral count load
therapy (copies/ml)
22 21-Jun-1993 30-Jun-1989 ddl 170 8,900
26-Oct-1993 ddl 153 45,000
27-Feb-1994 ddi 180 77,000
128 50,000
21-Jun-1994 ddl 112 14,000
21-Nov-1994 ddl 156 6,000
07-Mar-1995 ddl 149 46,000
03-Oct-1995 ddl 103 9,000
20-Feb-1996 ddl
23 08-Jun-1993 30-Jun-1989 AZT 182 17,000
26-Oct-1993 AZT 150 16,000
01-Mar-1994 AZT 12‘2‘ 1233)600000
18-Oct-1994 - ’
24 15-Jun-1993 30-Jun-1990 ddl 462 1,800
16-Sep-1993 ddl 480 400
06-Jan-1994 ddl 450 400
20-May-1994 dd 512 400
27-Oct-1994 512 400
20-Mar-1994 ddl 560 400
20-Jun-1995 ddl 570 400
17-Oct-1995 ddl 444 1,900
31 22-Jun-1993 30-Jun-1988 ddl 182 80,000
23-Nov-1993 ddl 80 170,000
21-Jun-1994 ddl 30 33,000
29-Nov-1994 18 180,000
29-Mar-1995 33: 7 179,999
39 20-Jul-1993 30-Jun-1989 AZT 304 32,000
12-Oct-1993 AZT 240 270,000
04-Jan-1994 AZT 182 310,000
03-May-1994 98 1,300,000
13-Sep-1994 AZT 20 64,000
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Table 2E: Summary of the Clinical Information of Patient # 57 and #60.

Patient ID Date of started | Date of HIV Type of CD4 T-cell | HIV viral
number therapy diagnosis Antiretroviral count load
therapy (copies/ml)
57 29-Mar-1994 30-Jun-1989 AZT 957 620
18-Oct-1994 AZT 952 500
21-Feb-1995 AZT 594 400
04-Jul-1995 AZT 726 400
551 1,200
03-Oct-1995 AZT 748 400
16-Jan-1996 AZT 722 250
04-Jun-1996 AZT
60 17-Sep-1994 30-Jun-1988 AZT 294 34,000
13-Jan-1995 AZT+ ddI 240 4,800
28-May-1995 AZT+ ddl 234 90,000
28-Oct-1995 AZT+ dd| 187 110,000
146 180,000
10-Jan-1996 AZT+ ddI 141 140,000
05-May-1996 AZT+3TC 148 120,000
17-Sep-1996 AZT+3TC 188 7,028

2.2 Nucleic Acid Extraction from PBL and Biopsies:

The chromosomal DNA and viral DNA was isolated using Trizol Reagent (Invitrogen,
Burlington ON) from the different gut tissue biopsies and PBL (5, 21, 34, 140). Previous work in
our lab showed that the quality of the RNA isolated varied, and therefore the work in this thesis
focused on the use of the chromosomal DNA and viral DNA as template for the quantitative
PCR approaches described below. Previous studies in our lab showed a consistent ability to

amplify HIV-1 proviral DNA from these samples.

2.3 Construction of Positive Controls for Quantification of Total HIV-1 Proviral DNA, 2-

LTR and Integrated Proviral DNA Forms:

The PCR and the quantification real-time PCR protocol were conducted on the following

positive control plasmids (pNL4-3, 2-LTR circle, integrated HIV). The plasmid pNL4-3
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containing the complete proviral DNA genome of HIV strain NL4-3 in a pUC19 background,
has been obtained from the HIVV/AIDS reagent program (141) (Figure 3). This plasmid was used
for the optimization of the PCRs to quantify the total amounts of HIV proviral DNA (total,
integrated and 2-LTR forms). For the control of the 2-LTR forms and Alu-integrated proviral

HIV-1 DNA, plasmids were synthesized by Eurofin MWG operon (www.operon.com) using the

LTR sequence of pNL4-3 obtained from gene bank (AF324493.1). Moreover, the sequences
used by Zhu et al for the Alu repeat was used in the integrated proviral DNA plasmid control.

Sequences and plasmid maps are given in (Figures 4 and 5).

2.4 E.coli Heat Shock Transformation with (pNL4-3, integrated HIV- DNA and 2-LTR

Plasmids):

To propagate the control HIV template containing plasmids (see section 2.3), plasmids were
transformed to E. Coli using the following protocol. Frozen competent cells of E. coli Top 10
cells were thawed on ice. The plasmid of interest were added to the competent cells and
incubated on ice for 15-30 minutes. Afterwards, the mixture was giving a heat shock at 42°C for
30 seconds then placed on ice for at least 5 minutes. 1 ml of LB (Luria Broth) medium
(antibiotic-free) was added to the mixture and left to shake at 37°C. After 1 hour, the mixture
was centrifuged for 1 minute. The pellet was resuspended with 100ul of LB medium. Then, the
mixture was transferred on LB agar containing 100 pg/ml of ampicillin and incubated overnight
at 37°C. The colonies were picked and grown overnight in 3 ml of LB with ampicillin. Plasmid
was isolated from these cultures using the SIGMA- Gene Elute plasmid mini prep kit (PLN350-
1KT). The suggested extra wash step was performed in order to purify the plasmids from any salt

and residues that can interfere with the PCR reaction and DNA was eluted in water. The OD 260
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nm was measured from which the concentration in copies per pl of the plasmid DNA was

calculated using the known molecular weight of each of the plasmids.

2.5 PCR Primers and Probes:

Primer sequences used in this research were based on those published work (19, 24, 139). The
total HIV proviral DNA primers amplify the region of the HIV linear DNA between the left LTR
sequence and the 5’ end of the gag gene. 2-LTR proviral DNA primers cross the junction
generated by ligation of the DNA ends. Furthermore, the integrated proviral primers of the first
round are complementary to the HIV LTR and the chromosomal Alu repeats, whereas the second
primers amplify the LTR and gag gene of HIV. The locations of the primers and probes for the
various PCRs used in this research are illustrated in Figure 6 .We also ordered “mutant” primers
to compensate for any of the point mutations that exist between the various published sequences
of HIV strains. These “mutant” primers and probes sequences were based on the prototype B-

clade HIV strain NL4-3 (Table 3).
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Table 3: The Primers and Probes Sequences.

Type of primers and Primers
probes
Total HIV DNA (MH531) F: TGTGTGCCCGTCTGTTGTGT
(MH532-original) R: GAGTCCTGCGTCGAGAGAGC
(MH532-mutated) R: GAGTCCTGCGTCGAGAGATC
(LRT-P*) P: FAM-CAGTGGCGCCCGAACAGGGA-TAMRA
2LTR (MH535-original) F: AACTAGGGAACCCACTGCTTAAG

(MH535- mutated) F: AGCTAGGAAACCCACTGCTTAAG

(MH536-original) R: TCCACAGATCAAGGATATCTTGTC
( MH536- mutated) R: CCCACAGATCAAGGATATCTTGTC

(MH603rd,*-Original) P: FAM-AAAGCTTGCCTTGAGTGCTTCAAGTAGTGT-
TAMRA

(MH603rd,*-mutated) P:FAM-
AAAGCTTGCCTTGAGTGCTBCAAAGTAGTGT-TAMRA

Integrated DNA

First Round PCR

Second Round PCR

(L-M667) F-ATGCCACGTAAGCGAAACTGGCTAACTAGGGAACCCACTG
Alul: TCCCAGCTACTGGGGAGGCTGAGG

Alu2: GCCTCCCAAAGTGCTGGGATTACAG

LamdaT: ATGCCACGTAAGCGAAACT

(AA55M) R: GCTAGAGATTTTCCACACTGACTAA

(LRT-P*) P: FAM-CAGTGGCGCCCGAACAGGGA-TAMRA

The yellow highlight= The base pair is different than the original.

@)= The base pair is missing compared to original.

'The green highlight= The base pair is an extra than the original.

All the original primers and probes sequences were previously published (19, 24, 139)
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2.6 Conventional Polymerase Chain Reaction (PCR):

First we used a conventional PCR approach to test and optimize the PCR conditions for all
primers using the control plasmids as templates. We used a standard PCR protocol with a mixed
reaction of 25 ul containing 2.5 ul 10X PCR buffer, 2.5 ul (10mM) dNTP’s, 1.25 ul (50mM)
MgClz, 1 ul of each (10mM) primer, 0.3 ul Taq polymerase, 9.2 pul H20 and 1 pl of DNA target
under the following conditions: 95°C for 10 min, followed by 40 cycles of 95°C for 30s, 60°C
for 1 min, and 70°C for 1 min, then 72°C for 5 min and 4°C for hold (Table 4). A similar
reaction mixture was used to test the total HIV primers and the integrated HIV DNA and the 2-

LTR controls. All PCRs were performed using the Bio-Rad T100 thermal cycler.

For the integrated HIV-1 DNA, the first round conditions were as follows: 95°C for 8 min, 12
cycles of amplification at 95°C for 10 s, 60°C for 10 s, and 72°C for 170 s, then 72°C for 5 min
and 4°C to hold based on published protocol (186). One-tenth of the 1% round PCR product was
transferred to a new tube for the 2" round PCR conditions that were the same as the conditions

described above (Table 5).

32



Table 4: Standard PCR Cycling and Reaction Conditions:

Standard PCR set up (total HIV, 2-LTR)

Standard PCR Cycling Conditions

2.5 ul 10X PCR buffer
2.5 Wl ANTP’s

1.25 pl MgCl;

1 ul of each primer
0.3 ul Taq polymerase
9.2 ul H.0

2 ul of DNA target

95°C for 10 min
95°C for 30
}40 cycles
60°C for 1 min
70°C for 1 min
72°C for 5 min

4°C for hold

Table 5: Standard Cycling and Reaction Conditions for Integrated Proviral DNA PCR:

Standard PCR set up

Standard PCR cycling conditions (First Round)

2.5 ul 10X PCR buffer
2.5 ul dNTP’s

1.25 pul MgCl;

1 ul of each primer
0.3 pl Taq polymerase
9.2 ul H20

2 pl of DNA target

(First round):
95°C for 8 min
95°C for 10 s
60°C for 10 s
72°Cfor 170 s
72°C for 5 min

4° to hold

} 12 cycles

(Second round):

95°C for 10 mi
95°C for 30 s

60°C for 1 min
70°C for 1 min
72°C for 5 min

4°C for hold

n

} 40 cycles
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2.7 Real-Time PCR:

Real-time PCRs were performed in a 25 ul solution containing 2.5 ul of DNA target, 12.5 ul
of SsoAdvanced™ Universal Probes Supermix (Bio-Rad #172-5281), 1 ul of each primer and
0.5 ul of probe under the following conditions: 95°C for 10 min, followed by 40 cycles of 95°C
for 15 s and 60°C for 1 min CFX multiplex PCR machine (Table 6). For the integrated HIV-1
DNA, the first round of PCR was conducted with the following conditions: 95°C for 8 min, and
then 12 cycles of amplification at 95°C for 10 s, 60°C for 10 s, and 72°C for 170 s (Table 7).
One-tenth of product from the first round PCR was transferred to a new tube for the q —real-time
PCR quantification analysis (Table 8). For the total and 2-LTR HIV-1 proviral DNA only one
round of real- time PCR was performed. A standard curve was created for each run using 1:10 in

serial dilutions in triplicate of our plasmid standards.

Table 6: Total HIV-1 and 2-L TR proviral DNA Quantification PCR Conditions:

PCR reaction setup PCR cycle conditions

2.5 ul DNA target 95°C for 10 min

12.5 pl Master Mix Followed by 40 cycles of:
1 ul of each primer 95°C for 15s

0.5 ul of probe 60°C for 1 min
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Table 7: Integrated HIV-1 proviral DNA quantification (first round) PCR conditions:

PCR reaction setup PCR cycle conditions
2.5 ul 10X PCR buffer 95°C for 8 min

2.5 Wl ANTP’s Followed by 12 cycles of:
1.25 ul MgClz 95°C for 10 s

1 ul of each primer 60°C for 10 s

0.3 ul Taq polymerase 72 °Cfor170s

9.2 ul H,0

2 ul of DNA target

Table 8: Integrated HIV-1 DNA quantification (second round) PCR conditions:

PCR reaction setup PCR cycle conditions

2.5 ul DNA target 95°C for 10 min

12.5 pl Master Mix Followed by 40 cycles of:
1 ul of each primer 95°C for 15s

0.5 ul of probe 60°C for 1 min

2.8 Optimized Polymerase Chain Reaction (PCR) primers and Probes:

In addition to the previously published probes described in the previous chapter, we also had
“mutant” primers and probes sequences based on the prototype B-clade HIV strain NL4-3 as our
plasmid controls sequences were obtained from this strain. In order to investigate the optimal

conditions and the effect of the mutations in the primers and probes on the detection of the total
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HIV-1 proviral DNA forms, we tested both the published primers and probes and compared them

to mutant ones.

2.8.1 Optimized Conventional-PCR:

After using the standard PCR protocol we made modifications including changes in
temperature, reagent concentration and DNA dilution. We optimized our 25 pul PCR reaction
mix to contain 2.5 pl 10X PCR buffer, 0.5 ul (10 mM) dNTP’s, 1.ul (50mM )MgClz, 1 ul of
each (10 mM ) primer, 0.15 pl Taq polymerase, 17.85 pl H20 and 1 pl of DNA target under the
following conditions: 95°C for 10 min, followed by 40 cycles of 95°C for 30s, 60°C for 1 min,
and 70°C for 1 min, then 72°C for 5 min and 4°C for hold (Table 9). This optimized protocol
was used in testing the primers of the total HIV, 2-LTR, integrated DNA (second round) using
the previously constructed plasmids controls. Again the Bio-Rad T100 thermal cycler was used

in the optimization process.

For the integrated HIVV-1 DNA, the first round conditions were as follows 95°C for 8 min,
followed by 12 cycles of 95°C for 10s, 60°C for 10s, and 72°C for 170s, then 72°C for 5 min and
4°C for hold (Table 9) (186). The second round PCR set up and conditions were the same as the

previously described protocol (Table 9).

For the 2-LTR we also used another optimized protocol which was as follows 94°C for 5 min,
followed by 35 cycles of 94°C for 1 min, 57°C for 30s, and 70°C for 30s, then 72°C for 5 min

and 4°C for hold (Table 9).
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Table 9: Optimized PCR Cycling and Reaction Conditions.

PCR set up

PCR cycling conditions

2.5 ul PCR buffer

0.5 ul ANTP’s

1 ul MgCl

1 ul of each primer
0.15 pl Taq polymerase
17.85 ul H20

1 ul DNA target

Total HIV(pNL4-3) and the 2- LTR control but the

annealing is 57:

95°C for 10 min

95°C for 30 s
} 40 cycles

60°C for 1 min

70°C for 1 min

72°C for 5 min

4°C for hold

2.5 ul PCR buffer

0.5 ul ANTP’s

1 ul MgCly

1 ul of each primer
0.15 ul Taq polymerase
17.85 pl H20

1 pul DNA target

(The second
DNA from
product).

the first

round contains

round

The integrated DNA control ( first round):

} 12 cycles

95°C for 8 min
95°C for 10 s
60°C for 10 s
72°Cfor 170 s
72°C for 5 min
4° to hold

(Second round):

} 40 cycles

95°C for 10 min
95°C for 30 s
60°C for 1 min
70°C for 1 min
72°C for 5 min

4°C for hold
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2.8.2 Optimized Quantitative Real-Time Polymerase Chain Reaction:

The CFX96 4 system machines (BioRad) were used for real-time PCRs. First, we assessed
our primers using Syber green as real-time PCR detection master mixes, with and without
chromosomal DNA added to our plasmid standard. Then, we tested the primers using
SsoAdvanced™ Universal Probes Supermix (Bio-Rad #172-5281) with and without
chromosomal DNA added to our plasmid standard. The assays were performed in 25 ul volume
containing 5 pl of DNA target, 12.5 ul of Supermix 1 uM of primers and 0.2 uM of probe under
the following conditions: 95°C for 30 s, followed by 40 cycles of 95°C for 10 s and 60°C for 30s

(Table 10).

For the integrated HIV-1 DNA, the first round was conducted using conventional PCR as
previously described under the following conditions: 95°C for 8 min, and then 12 cycles of
amplification at 95°C for 10 s, 60°C for 10 s, and 72°C for 170 s (Table 11-12).

A standard curve was created for each run using 1:10 serial dilutions of our plasmids.

In addition, the chromosomal DNA from Jurkat cell line was extracted using Trizol described
above. The Jurkat cell line is a human T lymphoblastoid cell line obtained from a male patient
with acute T cell leukemia (142). The added concentration of chromosomal DNA was 50 ng/ul
into the real-time PCR reactions at the same volume of the plasmid. The mixture of
chromosomal DNA and plasmid controls containing HIV-1 sequence in our real-time PCR
reactions created an environment for the primers containing competitive host DNA that could
prevent binding to the targeted DNA, which mimics the patients’ samples environment. The limit
of detection of each run was calculated with and without the chromosomal DNA (Jurkat) to test

the real-time PCR sensitivity under both conditions.
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Furthermore, we tested different dilutions of patients’ samples ranging from (2-200 ng) to

approach the optimal DNA concentration in our PCR reactions (Figure 19).

Table 10: Total HIV and 2-LTR Proviral DNA Optimized Quantification PCR Conditions.

PCR reaction setup PCR cycle conditions

5 ul DNA target 95°C for 30 s

12.5ul Master Mix Followed by 40 cycles of:
1 uM of primers 95°C for 10s

0.2 uM of probe 60°C for 30 s

Table 11: The Integrated HIV-1 Proviral DNA Optimized Quantification (First Round)
PCR Conditions.

PCR reaction set up PCR conditions
5 ul DNA target 95°C for 8 min
12.5ul Master mix Followed by 12 cycles of:
1 pl of each primer 95°C for 10s
0.5 pl of probe 60°C for 10 s
72 °Cfor170s

Table 12: The Integrated HIV-1 Proviral DNA Optimized Quantification (Second Round)
PCR Conditions.

PCR reaction setup PCR cycle conditions

5 ul DNA target 95°C for 30 s

12.5 ul Master mix Followed by 40 cycles of:
1 pl of each primer 95°C for 10s

0.5 pl of probe 60°C for 30 s
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2.9 Approaches to Overcome Quantitative Real- Time PCR Inhibition:

To avoid possible inhibitory effects in our samples during PCR, such as, bile salt, complex
polysaccharides, collagen, heme, urea, hemoglobin, lactoferrin, and immunoglobulin G (I1gG).
(143-153), we treated our patients gut tissues samples the same way as stools. It was suggested
by previous studies that stool samples can be treated with bovine albumin serum (BSA) to
neutralize the inhibition factors (100-151). For this reason in our approach to overcome
inhibition in our samples we added 1.25 pl (10 mM) BSA (100-151) (Table 13).

Table 13: Quantification Real- Time PCR with BSA Conditions:

PCR set up reaction PCR cycle conditions

5 ul DNA target 95°C for 30 s

12.5 pl Master mix Followed by 40 cycles of:
1 pl of each primer 95°C for 10s

0.5 ul of probe 60°C for 30 s

1.25 pl BSA
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Chapter Three: Results

3.1 Conventional PCR Optimization:

We started our optimization steps using the constructed plamids as our control templates. The
annealing temperatures used to optimize the conventional PCR ranged from (50 -60°C) and the
optimal temperature was 60°C for both the total HIV and integrated proviral DNA PCR protocol.
The optimal annealing temperature was 57°C for 2-LTR proviral DNA PCR protocol. The
expected band size for the total HIV proviral DNA is 150 bp, 2-LTR proviral 200 bp and the
integrated proviral DNA band size is 180bp (Figure 7, 8 and 9). Furthermore, the limit of
detection of each run was calculated based on our dilution series. The total HIV proviral DNA
limit of detection was 500 viral copy/ng. Similarly, the limited of detection of 2-LTR proviral
DNA was 500 viral copy/ng. The limit of detection for the integrated proviral DNA was 600
viral copy/ng (Figure 7, 8 and 9). Moreover, we tested different volumes of 25 or 50 mM MgCl;
and we found that the optimal volume is 1 pl of 50 mM in the 25ul PCR reaction, resulting in a

final concentration of 1 mM of MgCl..

3.2 Quantitative Real- Time PCR Optimization:

After obtaining the optimal conditions for the conventional PCR, we tested our positive
controls in real- time PCRs to establish standard curves for each run. Representative quantitative
real- time PCR standard curves of each run using Syber green are shown in Figurel0, 12 and
13. The annealing temperature used was the same as the previously published protocol (i.e. 60
°C). However, we used 57 °C for 2-LTR proviral DNA to keep it consistent with our
optimization process that showed it was the optimal annealing temperature for the conventional

PCR. We also calculated the limit of detection per ng of host DNA and it was as follows: total
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HIV proviral = 5 vial copy number/ng, 2-LTR= 5 viral copy number/ng and the integrated
proviral DNA= 6 viral copy number/ng (Figure 13-14 and 15). Compared to the conventional
PCR, quantitative real- time PCR is more sensitive and able to detect HIV-1 proviral DNA forms
to <10 viral copy number/ng. Figure 16, and 18 shows quantitative real- time PCR standard
curves of each run after adding chromosomal DNA. We did not see any difference in the limit of
detection after adding chromosomal DNA from Jurkat cells with the purified plasmid. We
expected that it would be possible that the sensitivity of the quantitative real- time PCR could be
lower due to chromosomal DNA competing with the primers for the targeted DNA, but this was

not the case.

Figure 19 illustrates the different dilutions of our tissue sample ranging from 2-200 ng of
DNA were tested and we saw no difference in detecting HIV-1 proviral DNA forms. To mitigate
lower detection due to the age of the samples or the input of DNA we decided to use our samples
with their initial input concentrations (100-400 ng), to increase the change of detecting HIV

proviral DNA.

3.3 Bovine Albumin Serum to Neutralize the Inhibitory Factors in Patients Samples:

We selected samples that had different concentrations ranged between 100 to 400 ng from
various tissues (PBMC-esophagus-colon). To eliminate possible inhibitory factors in our samples
we used different concentration of BSA. Figure 20 illustrates the effect of BSA on the detection
of total HIV via real- time PCR in patient # 57. In patient # 57 gut tissues (i.e. esophagus-
stomach-duodenum and colon), the BSA treatment revealed more copies of the total HIV-1
proviral DNA. However, the viral copy numbers were still considered low. The same as patient #

57, in patient # 16 the BSA treatment revealed the total HIV-1 proviral DNA in the patients’
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samples that were negative before adding BSA, but still at a very low level. We also tested the
effect of BSA in 2-LTR proviral DNA real- time PCR for patient # 3 (Figure 21), as 2-LTR
proviral DNA was detectable and quantifiable without BSA in this patients samples. After
adding BSA, the 2-LTR was only detectable but not quantifiable suggesting no noticeable
increase in the detection limit, but rather a negative effect. Other patients (# 5, 24 and 57) were
also tested and there was no different in viral copy numbers with or without BSA. Similarly,
patients # 57 and 20 showed no difference in viral copy numbers for the integrated proviral
DNA. For the colon visit 5 of patient # 19 the viral DNA was low before using BSA and there
was no difference in detecting the integrated proviral DNA after adding BSA, and the level
detected remained not quantifiable (Figure 21). From these observation we concluded that
adding BSA did not alter any of the results obtained previously, and suggested that the difficulty
in detecting the different HIV-1 DNA forms was probably not due to PCR inhibitors that could

be neutralized by BSA within the sample.

3.4 HIV-1 Proviral Quantification in PMBC’s:

18 HIV-1 infected patients were tested for the HIV-1 proviral DNA (total, 2-LTR and
integrated) in PBMC samples. We used the same real time PCR assay described previously. 8/18
patients were positive for total HIVV-1 proviral DNA (Figure 22). The HIV-1 proviral DNA was
detected in samples collected at different time-points from patients while they were on ART
(AZT or ddlI). For instance, patient # 20 was receiving AZT and we detected total HIV-1 proviral
DNA in visit 2 and 3. Patient #19 was also receiving AZT during visit 5, and patient# 39 we
were able to detect total HIV-1 proviral DNA in visit 3. On the other hand, patient #18 was
treated with ddl during this study and we detected total HIV-1 proviral DNA in visit 1, visit 3

and visit 4. Furthermore, patient #22 was only detectable for total HIV-1 proviral DNA in visit 1.
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Patient # 7 was detectable in visit 3 and receiving ddl. Patient #23 visit 7 was detectable for total
HIV-1 proviral DNA as well as patient # 24 visit. Figure 23 shows the total HIV-1 proviral DNA

quantification in the PMBC’s.

Moreover, 2-LTR provial DNA was found in PBMC’s of 5/18 patients. This was similar to
our results of testing for total proviral DNA, in which various samples collected at various time-
points were detectable for 2-LTR while receiving ART. In the ddI treatmnet group, for instance
patient # 14. 2-LTR proviral DNA was detected in visit 7 whereas patient# 18 visit 6, 7 and 9
were positive. Patient # 22 visit 7and patient 23 visit 4 were positive. As for AZT group, which
include patient # 20 the 2-LTR DNA forms were found in visit 8 and patient # 39 visit 3 and 7

see (Figure 24).

Furthermore, 2/18 patients were positive for integrated HIV-1 proviral DNA in their PBMC'’s.
Patient #22, receiving ddI was positive for the integrated HIV-1 proviral DNA in visit 1 and visit
2. Patient #39 receiving AZT was positive in visit 3 (Figure 25). These analyses revealed highly
variable levels of HIV DNA amongst the different patients and no specific pattern in HIV DNA
levels amongst different treatment groups could be identified. However, these results showed
our assays could detect the different HIV DNA forms in patient samples, and could be used for

the analysis of on chromosomal DNA isolated from gut tissue of HIV-1 infected patients.

3.5 The Presence of Various Types of HIV-1 DNA in Gut Tissues of HIV Infected Patients:

To study the virus dynamic in the gut different tissues, samples were obtained from patients
either receiving zidovudine (AZT) or dideoxyinosine (ddl) and we focused on analyzing the
levels of HIV-1 proviral DNA (total HIV, 2-LTR and integrated DNA) from different gut tissues
(esophagus, stomach, duodenum and colon). For the 18 patients tested, biopsies were collected
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from ~6 months intervals. PBMC’s were also tested from these patients. All patients were part of

previous cohort study and the clinical information is summarized in (Table 2A, 2B, 2C, 2D, 2E).

The gut tissues (esophagus, stomach, duodenum and colon) were tested for the presence of
HIV-1 DNA using the PCR procedures for total, 2-LTR, and integrated HIV-1 proviral DNA. It
was found that each tissue varied highly in the distribution of the presence of HIV-1 DNA
among HIV infected patients (Figure 26). For instance, HIV-1 DNA was most easily detected in
the colon, while the frequency of detecting total HIV-1 DNA was the lowest in the stomach of
most patients. Interestingly, 2-LTR forms and integrated DNA were mostly detectable in the

stomach.

3.6 Quantitation of Total HIV-1 Proviral DNA Levels in Different Gut Tissues:

Total HIV-1 proviral DNA amounts were assessed using our quantitative-real- time PCR
procedure. The total HIV-1 DNA detected in our results reflects the integrated and unintegrated
proviral DNA, which represent the overall level of infection of the tissue. Levels of the total
HIV-1 DNA fluctuated from visit to visit in most of our patients. In general, most the total HIV
levels detected in most patients were low between 1-98 viral copies/ng. For 4/18 patients the
difference between their levels for each visit was observed (Figure 27). Of interest was patient
#23 who was receiving AZT during the study period and we observed very low proviral DNA
copy numbers ranging from 16 to 32 viral copy number/ng. At visit 1 and 3 total HIV-1 proviral
DNA was detected in the colon, but during later visits we were unable to detect any total HIV-1
proviral DNA. Similar fluctuations were observed in the other gut tissues of patient # 23, with
very low proviral DNA copy numbers. Figure 29 illustrates the fluctuating levels of total HIV-1

proviral DNA in patients #23 and #14. Patient #14 was receiving ddI during this study and we
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detected total HIV-1 provial DNA in most of the gut tissues except the duodenum from various
visits the levels were as low as 1 viral copy number/ng. Of interest was patient #20 who was on
zidovudine treatment during the first 4 visits, and then switched to ddl from the 5% to the 7%
visit. At visit 5 after switching to ddl we did not detect any total HIV-1 DNA in any of the gut
tissues. However, we did detect proviral DNA in visit 7. These differences could be the result of
the switch in antiretroviral therapy. Furthermore, the rest of the tissues tested in the patients
(#19-31-39-18-24-22-5) showed detectable total HIV-1 DNA ranging between 1-23 viral copy
number/ng. The viral copy numbers were very low and we did not see any difference in viral

load between the antiviral treatment received (AZT or ddl).

In general, regardless of the approach used total HIV-1 DNA was more readily detectable for
all patients at visit 3. It was found that 11/18 patients were positive for total HIV-1 DNA at visit
3, in the colon, 7/12 patients of the duodenum, 8/12 of the esophagus, and 5/12 patients were
also positive at visit 3 in the stomach (Figure 28). This could be an effect of differential effects
of mono antiretroviral therapy on the different gut compartments. Table 14, 15 and 16 shows

detectable and quantifiable total HIV proviral DNA in all patients gut tissues and visits.

3.7 Quantification of 2-LTR Proviral DNA Levels in the Different Gut Tissues:

For quantifications of 2-LTR proviral HIV-1 DNA levels, we first identified 2-LTR positive
samples, by conducting a regular nested PCR for 2-LTR HIV DNA. The positive samples (5/18
positive patients) were subsequently used to quantify the 2-LTR proviral HIV-1 DNA levels

using our quantitative real- time PCR approach.
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The 2-LTR proviral DNA was detected at various visits from all the different gut tissues and
levels ranged from 1 to 9 x10*!viral copy number/ng. Figure 30 shows how 2-LTR proviral
DNA levels fluctuated in patients # 57 and # 24. In patient #57 (receiving AZT) the 2-LTR
proviral DNA was found in most of the gut tissues except for the esophagus, and levels
fluctuated between visits. The same fluctuation in 2-LTR HIV DNA levels were found in the
stomach and colon of patient # 24 who was receiving ddl. The 2-LTR levels detected from both
patients were high. In contrast, 2-LTR proviral DNA levels were low in the stomach of patient #
5 who was also receiving ddl during the period of this study. For patient # 18, the stomach was
the only tissue with detectable 2-LTR forms but the levels were not quantifiable. The same
pattern of detectable but not quantifiable levels of 2-LTR proviral DNA were found in patients #
23 and #39, both of which were on AZT. Table 17 and 18 illustrates the detectable and

quantifiable 2-LTR in all the patients visit from the gut tissues.

These results in this select set of patients, would suggest that both drugs (AZT and ddl) did
affect the levels of detection for 2-LTR proviral DNA in a similar way in the different gut
tissues. Interestingly, high levels of 2-LTR proviral DNA were found, but we argue against high

levels of replication in the gut tissues of most of our patients examined in this study.

3.8 Quantification of Integrated Proviral HIVV-1 DNA Levels in the Gut Tissues:

Integrated proviral DNA was detected in 8/18 patients. Again a regular PCR approach was
used to select the positive patients, before quantification by real- time PCR similar to the
approach as the 2-LTR assay. Depending on the patient tissue sample the levels of the integrated
DNA ranged between 15 to ~2266 viral copy number/ng. However, no pattern was found

identifying tissues that had consistently higher integrated DNA levels than others in the patients
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studied. For instance, in patient # 5 receiving ddl, the integrated proviral DNA copy numbers
were low copy numbers in the stomach at visit 7 (29 viral copy number/ng) whereas the colon
visit 3 showed higher DNA copy numbers (2266 viral copy number/ng), that subsequently
dropped to below the detection limit in the next visit. Figure 31 shows the integrated proviral
DNA levels in patients 5 and 14. In patient #14 the integrated proviral DNA was detected in the
esophagus at visit 5 and 7. Table 19 and 20 shows the patients’ tissue samples from various
visits with detectable and/or quantifiable integrated proviral DNA. For patients # 16, 18, 22 and
24 who were receiving ddl during their visits, the integrated proviral DNA levels fluctuated.
Interestingly, in patients # 19 and 20 (receiving AZT at the time of their positive visits) only

integrated proviral DNA was detectable (Table 20).

Similar to the analysis of the other proviral DNA types, integrated proviral DNA levels varied
among the different gut tissues, visits, and patients. We did not see any difference in detecting
the integrated proviral DNA from both AZT and ddl patients. Although, the majority of the

quantifiable levels were collected from patients on ddl.
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Chapter Four: Discussion and Conclusions

Our study’s aim was to gain an insight into the dynamics of HIV replication in patients
receiving ART. Currently, HAART is the standard treatment in the developed world, and
untreated patients are very rare at the SAC clinic in Calgary. As ART (i.e. monotherapy) is
suboptimal as an anti-HIV treatment, patients on ART are interesting as they would closely
represent the patients that are untreated or suboptimal treated for HIV. In the gut tissues HIV-1
DNA can persist as integrated and unintegrated. The total HIV-1 proviral DNA represents the
viral dissemination in the gut tissues, 2-LTR forms are considered biomarkers for viral
replication and the integrated proviral DNA represents the viral latent infection (24). In this
research, we established real-time PCR assays to quantify the various forms of HIV-1 proviral
DNA (total, 2-LTR and integrated) in different gastrointestinal tract tissues (esophagus, stomach,
duodenum and colon). We monitored the changes in the proviral DNA levels between visits, and
included the PBMCs of the infected patients in order to compare the viral dynamics in the blood

compartment and the gut tissues.

We found that 2-LTR proviral DNA was most frequently detected in the esophagus and
stomach and the levels varied between patients and at different time points. Of interest, the 2-
LTR levels were found to be high (4x106- 9x10'! viral copy number/mg) in two of our patients
(#57 and #14 in their colon and stomach. However, since the levels of the 2-LTR proviral DNA
detected was not consistently high at different time points, we considered this data was not a
conclusive indicator for viral replication in our patients. It is possible that the age of our samples
is one of the technical difficulties that challenged the detection and quantification of the 2-LTR

proviral DNA. Alternatively, during DNA extraction the majority of the circular form of 2-LTR
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proviral DNA might have been lost due to its low molecular weight making it difficult to detect

and quantify

Similar to the 2-LTR forms, the integrated proviral DNA levels were highly variable but were
frequently found in most of the gut tissues, except for the esophagus. A possible explanation for
the low levels detected is the unique form of the integrated proviral DNA, as it is part of the host
chromosomal DNA. This might make it difficult to detect integrated proviral DNA due to the
competition of the chromosomal DNA for the primers, or it may be harder to fully denature in
the denaturation step of the PCR and thus making it inaccessible for the primers. Another
possibility is that the gut tissue samples were taken from random sites in the different tissues,
and each biopsy might contain different amount of lymphoid tissue. This combined with lower
CD4+ T-cells due to the immune depletion could explain the big difference in levels of 2-LTR
and integrated proviral DNA detected between the various samples (33, 116, 82). Other HIV-1
cell reservoirs might also play a role, as the gut tissues might have highly variable amounts of
HIV-1 infected cells other than CD4+ T-cells, such as, lymphoid tissue, dendritic cells,

macrophages, B-cells and mast cells.

Analysis of the PBMC showed a very limited detection of HIV. Only 5 patients were positive
for the different proviral DNA forms and the levels varied, but in general they were low. Despite
receiving ART (either AZT or ddl) the frequency of detecting or quantifying HIV-1 proviral
DNA forms should not have been affected as even under HAART proviral DNA can be detected
in PBMC (24). As our PCR methods were very sensitive we do not suspect issues with the PCR
method itself, but other factors beyond technical issues may have affected the detection and

quantification of the HIV-1 proviral DNA forms.
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A study by Henrich et al (2013), looked at the different distribution of memory T-cells
subsets in the blood and gut tissues (ileum and rectum) (154). They found that the central
memory T-cell (Tcm) were the most prevalent subset in the peripheral blood, making them the
most dominant contributor as HIVV-1 DNA reservoir in patients with higher CD4+ T-cell counts.
Similarly, our patients had relatively high CD4+ T-cell counts, thus we assume that our findings
of HIV-1 proviral DNA levels from our PBMC samples might have been derived from central
memory T-cells. Due to the longevity and the low level of the central memory T-cells we were
only able to detect HIV-1 proviral DNA in these cells, resulting in the lower levels of proviral
DNA in our study (154). The Henrich study also found that the effector memory T-cells (Tewm)
were most frequently found in gut tissues and they considered them the most likely contributor
as HIV-1 DNA reservoir in the ileum and rectum. In our analyses we did not include the ileum or
rectum directly and we did not distinguish between T-cell subsets. However, this study gave an
alternative explanation to our findings. Presumably, the HIV-1 proviral DNA levels from the gut
tissues might have originated from the effector memory T-cells (155). Other studies have shown
that the half- life of effector T-cells is shorter than central memory T-cells. CD4+ and CD8+
(Tem) cells were persistently found for years after antigen exposure due to either (Tem) cells
maturation from (Tcm) cells or homeostatic proliferation (135, 139, 140). These finding can
explain our ability to detect HIV-1 proviral DNA from PBMC’s and the gut tissues albeit at low

levels.

The colon is considered to be an important site for HIV replication even under treatment.
This can be explained by for example the fact that AZT has a short life and low diffusion in the
colon. AZT also has the same kinetics in lymph nodes as in the colon, which explains our
findings of the more frequent detection of HIV-1 proviral DNA forms in other tissues beside the
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colon. Additionally, the tissues that were high in HIV-1 proviral DNA levels might have been
enriched with cells from the lymph nodes (33-158). This explains why in patient # 23 receiving

AZT, the HIV DNA was found in the esophagus, duodenum and colon.

In a previous study, ddl was found to also be rapidly metabolized (51). This would explain
why both AZT and ddl had the same effect on the detection of the proviral DNA forms in our
study. Similarly in patients that switched from ddl to AZT, we were also able to detect the
integrated proviral DNA. Our results clearly show that detection of the proviral DNA forms does
not seem to be affected by AZT and ddl, which would be consistent with the earlier mentioned
pharmokinetics of the drugs. However due to the small sample size further investigation with

additional patient samples will be needed.

The low levels of total HIV-1 proviral DNA in gut tissues is consistent with previous studies
where showing that total HIV decreases within 48 weeks under HAART. Our patients were
under suboptimal ART, and even the latent infection might have persisted beyond the 48 weeks
and we were able to detect the integrated and total proviral DNA in higher copy numbers. In a
study by Josefsson and colleagues, it was found that HIVV-1 DNA frequencies were low in naive
T-cells of the blood and GALT (159). In this study it was found that in inactivated CD4 T-cell
the levels of HIV DNA was higher than integrated DNA in activated cells as they rapidly die as
a result of viral cytopathic effects or host effector mechanisms. Again in our study we cannot
distinguish the T -cells type in our samples, but our findings of low DNA levels might be due to

the detection of proviral DNA present in naive T-cells (142-159)

The rapid decrease in HIV-1 RNA and DNA in the blood and gut was observed in an

SIV/IHAART study (33). As our patients were on ART higher levels of proviral DNA was
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expected in the blood. However, even with ongoing viral replication only 1% of the CD4+ cells
in blood in untreated patients get infected with HIV-1 (160). These findings also explains our

low levels of HIV DNA from the blood derived DNA in our patients.

Another study found that HIV-1 infection of blood and GALT were higher in patients who
initiated therapy during chronic infection compared to acute/early infection (116, 161, 162). This
study would support our findings of integrated proviral DNA in our patients’ tissues as they were
on ART for two or three years after being diagnosed with HIV-1, can therefore be considered

chronically infected.

The levels of the HIV-1 proviral DNA forms in our gut tissues and PBMC samples was the
opposite to our expectations. Earlier studies of SIV/ HIV showed that in untreated animals, total

HIV-1 and 2-LTR proviral DNA were detected in all tissues studied (PBMC, spleen, lymph node

and gut). After 28 days of HAART these levels were reduced significantly compared to 14 days
of treatment. However, HAART had no effect on 2-LTR proviral DNA levels in lymphoid
tissues and spleen, and high could be detected (73). 2-LTR proviral DNA forms are considered
stable and persistent in non-dividing cells and they can be easily detected in our samples due to
their high CD4+ T-cells counts (18, 43, 163). Other studies showed that 2-LTR forms are lost
because of cells division, and for this reason they are not easily detectable in the total CD4+ T-

cells which would be consistent with some of our data (12, 164).

Total HIV-1 proviral DNA decreases in the PBMC’s after HAART, but no significant change
was found in the levels of the integrated proviral DNA (166). The highest integrated proviral
DNA from this study was 1260 copies/ 10 PBMC’s, hence the expectation of high levels in our

samples. As mentioned previously in chapter 1, Dr. Zhu and et al (24) study on PMBC’s after 12

53



weeks of HAART, showed detectable HIV-1 proviral DNA forms in high levels. All these
studies combined and a previous study by our lab, which showed increased viral diversity and
increased AZT resistance in the gut tissues (especially the colon) would suggest that high levels
of HIV-1 proviral DNA forms and high levels of replication and integration in the gut tissues.
The lower levels of proviral DNA observed in our studies let us to explore technical issues as a

possible explanation to these lower levels.

The first step in our study was to optimize PCR conditions to ensure that the primers that were
used in previous studies are able to amplify the targeted HIV-1 proviral DNA. After that, we
tested the primers in the real- time PCR and we optimized the conditions to get reproducible
standard curves. We tested the primers using already published probes to quantify the HIV-1
proviral DNA forms. We also tested our real- time PCR by adding the chromosomal DNA with
the positive controls, as it is possible for the primers and probes to react differently in a “clean”
sample containing only targeted DNA. However, when the primes and probes were “challenged”
with chromosomal DNA to mimic the samples environment, they were still able to detect the
targeted DNA forms and we did not see any differences in the detection limit of Syber green or
probes. After we established the real- time assays we tested different dilutions of our patient
samples. For example, the 2 ng dilution of the patients’ samples was frequently found positive
for the different HIV-1 proviral DNA forms, however, half of that positive results were not
quantifiable. We saw the same pattern in the other dilutions, and sometimes the higher the
dilution the more frequent the positive results detected. For this reason the initial concentration
of each sample varied (i.e. 40-200 ng) was used to quantify the HIV-1 proviral DNA. Based on
these analysis we do not believe that there is an inherent technical problem with our real- time
PCR approaches.
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Furthermore, we tried to neutralize inhibitory factors in our assays that might interfere with
the detection and quantification of the different HIVV-1 proviral DNA forms. We added Bovine
albumin serum (BSA) to our samples used in the quantitative real- time PCR assay (151-153).
Our samples of the gut tissues might contain the same type of inhibitors present in stool samples
(i.e. bile salts- complex polysaccharide, lipids and urate). These inhibitors should be neutralized
by BSA (153). We also included PBMCs samples in these analyses as they might contain heme,
hemaglobin and adding BSA has been found to neutralize these PCR inhibitors (146, 147).
However, the results showed no dramatic changes in the HIV-1 proviral DNA forms detection
levels before or after adding BSA. The overall levels were found to be low in the same order of
magnitude in both assays with or without BSA. From this we concluded that the low levels we
detected were not the results of inhibitory factors in our patients’ samples. The DNA was
isolated from samples that had been stored at -80 °C for a long time which could have led to the
technical difficulties in detecting the HIV-1 proviral DNA levels. Another possible technical
difficulty was the samples preparation itself, as the 2-LTR proviral DNA could have been lost
during the DNA extraction process, which should be more efficient with chromosomal DNA and
not episomal 2-LTR DNA forms. We concluded that the age of the samples and DNA extraction
process may be possible reasons behind the limited and low detection of total HIV-proviral DNA

and warrant further investigation before any definitive conclusions can be drawn from our study

In this study we were able to detect the total proviral DNA in most of the patients, and most
of the gut different tissues. The total HIV-1 proviral DNA detected might have been in the linear,
full length unintegrated form, which could be the most prevalent in active or resting CD4 T-cells
as it was most frequently detected when compared to the other DNA forms (2-LTR and

integrated). Although, the total proviral DNA was easily detectable, the levels were still low in
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all of the different gut tissues and patients visits. Interestingly, visit 3 was frequently positive for
total HIV-1 proviral DNA in most of the gut tissues, which might suggest that the samples were
prepared in better conditions which helped the detection and quantification of total HIV-1
proviral DNA. Regardless of potential technical issues, the colon was the most commonly
proviral DNA positive, which might be due to the low infusion of the drugs in the colon leading

to continued viral replication. .

In conclusion, our study gave some insight into the kinetics of HIV-1 in the gut tissues under
ART. We were able to detect and quantify HIV-1 proviral DNA (total, 2-LTR and integrated
DNA) despite the technical difficulties. Our results indicate that HIV-1 is disseminated
differently among the gut tissues. 2-LTR proviral DNA which is supposed to account for <10 %
of the total unintegrated DNA. However, despite their low levels in our study, their role as
biomarkers for ongoing replication cannot be underestimated. A previous study, showed that
unintegrated HIV DNA can transcribe viral genes, such as Vpr, independently promoting
transcription from unintegrated DNA, in addition to Tat transcription (12, 70, 165). Other studies
have also reported that 2-LTR proviral DNA is active, but they are not the only source of the
viral transcription levels (12, 167, 168, 169). Overall, all the unintegrated HIV DNA are
considered transcriptionally active template, but more studies are needed to understand their role

and dynamics in HIV-1 infection. (12).

Although we only studied a small number of patients, our study showed no difference in
the effect of AZT or ddl in detecting HIV-1 proviral DNA forms, and we were able to detect
them in various gut tissues and various visits of HIV-1 infected patients. More studies are needed

to determine the effect of monotherapy on HIV-1 Kinetics in the gut. In addition, the low levels
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of proviral DNA clearly indicate the viral persistence in reservoirs in the gut which is considered

an obstacle for viral eradication (33, 146, 156, 166)

Our results with regard to HIV-1 proviral DNA forms levels did not correlate with the viral
loads or CD4+ T-cells count as our patient samples had high viral loads and CD4+ T- cells
count, which would lead us to expect high DNA levels detection in our samples. Our results did
not allow us to make a firm conclusion about the HIV-1 proviral DNA form levels in the gut
tissues, but they did show the various forms were present in the gut tissues. It is important to
continue our HIV-1 studies under ART, and compare those to patients in sub- Sahara Africa,
where there are millions of HIV-1 patients receiving sub optimal therapies due to the expensive
nature of antiretroviral drugs and lack of access, which could resemble our observation of our

“historical” patients on monotherapy.

Our lab in previous studies encountered difficulties in extracting sufficient high quality viral
RNA from our gut tissues samples, we therefore directed our study to quantify proviral DNA, as
it is still can give an insight of HIV-1 dynamics in the gut tissues. Although technical difficulties
such as DNA quality may have challenged our ability to detect HIV-1 proviral DNA forms in our
samples. Our optimization and our studies with the positive controls revealed that our assays can

successfully amplify and quantify the various proviral HIV-1 DNA forms.

To put to rest the issues of the quality of the DNA we suggest isolating fresh DNA from our
samples and a better DNA extraction method such as phenol-chloroform, as it has a better yield
of episomal DNA and potential cleaner DNA, which could increase our ability detect the

different HIV-1 DNA forms.
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We also suggest to conduct the experiments using cell cultures such as Jurkat cell line as they
are leukemic T-cell line, which can be infected with HIV-1 and treat them with monotherapies
(AZT or ddl) , and subsequently monitor the HIV-1 proviral DNA forms levels at different time
points. Although this method may not give the dynamic of HIV-1 in the gut tissues, but it will

increase our understanding of HIV-1 dynamics under ideal ART conditions.

Finally, as we do have optimal real time PCR assays to quantitate proviral HIVV-1 DNA forms,
it would be of interest to extend our studies to African countries, and conduct this research on a
larger scale with gastrointestinal tissues and blood samples from HIV-1 infected patients
receiving suboptimal HAART to obtain further insight in the dynamics of HIV-1 infection in that

important group of patients.
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Figure 1: A lantzematic Representation of the HIV-1 Genome. It has nine open reading frames.

Three of the open frames encode the Gag, Pol and Env polyproteins that subsequently are

proteolytically cleaved into the individual proteins to form structure a new virion (170).

Gag proteins:
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(CA) capsid

(NC) nucleocapsid
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(SU) surface or gp120  (PR) protease

(TM) transmembrane or  (RT) reverse
gp4l transcriptase

(IN) integrase
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Figure 2: A Schematic Representation of the HIV-1 Life Cycle. The virus starts infecting the

cell by binding to its specific receptors CCR5 and CXCR4 on the host cell and fuses the viral

envelope with the host cell membrane. This allows the rest of the virus to enter the cell. The

virus un-coats and starts the reverse transcription resulting in double stranded proviral DNA that

travels to the nucleus and integrates to the host genome. Then, the transcription begins to make

new virions. After the virus is released from the cell, the virus starts the maturation stage. In this

stage, the protease starts to cleave the virion proteins, which gives the virus its final mature

structure that is able to infect another cell (171).
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Figure 3: A Schematic Representation of pNL4-3 Plasmid Map. The plasmid has a pUC
backbone. It is commonly used in vitro for genetic manipulation of HIV-1 proviral sequence
(141). This plasmid was used as positive control in the real- time PCR assays to quantify total

HIV-1 proviral DNA.
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Figure 4: A Schematic Representation of 2-LTR Plasmid Map. [A] The HIV-1 proviral linear
DNA structure before integration. [B] The integration of the linear cDNA into itself can yield an
internally rearranged form. This so-called auto-integration, where the 3’-ends of the reverse
transcriptase being processed by integrase and targets sites within the viral DNA, leading to
internally rearranged or less than full length DNA circles. In addition, the ligation of the cDNA
ends by the host cell non-homologous DNA end-joining system vyielding two long terminal
repeats (LTR) gives rise to the the 2-LTR circles [C] The pEX-A plasmid was constructed
similar to the HIV-1 2-LTR circles to be used as a control (17). The 2-LTR sequence was
obtained from the pNL4-3 plasmid that is commercially available from

(http://www.operon.com/default.aspx).
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Figure-5: A Schematic Representation of the Integrated DNA Map. The plasmid was
constructed to resemble the HIV-1 integrated proviral DNA. LTR and gag genes were obtained
from pNL4-3 sequence and inserted in the pCR-TOPO vector. The Alu element sequence

obtained from the gene bank number HQ709124.2 (http://www.ncbi.nlm.nih.gov/genbank/).The

plasmid was used as a control for detecting the HIV-1 integrated DNA and ordered from

(http://www.operon.com/default.aspx)
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Figure 6: A schematic Representation of the Locations of the PCR Primers in the HIV DNA
(172).

[A] Total HIV primers amplify the region of the HIV linear DNA between the left LTR

sequence and the 5° end of the gag gene.

Gl = e )

—

[B] To quantify the 2-LTR levels the primers used cross the junction generated by ligation of the

DNA ends.
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[C] Integrated provirus quantification primers are complementary to the HIV LTR and the

chromosomal Alu repeats.
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Figure 7: Detection of Amplified Total HIV-1 Proviral DNA by
Conventional PCR. The plasmid used as a positive control resulted in the

expected size 150bp for the total HIV-1 proviral DNA. The lower limit of

detection was calculated as 500 viral copy number/ng.
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Figure 8: Detection of Amplified 2-LTR Proviral DNA by Conventional
PCR. The plasmid used as a positive control gave the desired 200 bp band
expected for 2-LTR proviral DNA. The lower limit of detection was

calculated as 500 viral copy numbers/ng.
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Figure 9: Detection of Amplified Integrated Proviral DNA by
Conventional PCR. The plasmid used as a positive control amplified
the desired 180bp band. The lower limit of detection was also

calculated at 600 viral copy number/ng.
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Figure 10: Total HIV Proviral DNA Syber Green Real- Time PCR
Standard Curve. Total HIV-1 proviral DNA standard and melting
temperature curves showing the appropriate amplicon. The lower limit of

detection was 5 viral copy numbers/ng.
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Figure 11: 2-LTR Proviral DNA Syber Green Real- Time PCR Standard
Curve. 2-LTR proviral DNA standard and melting curves showing the

appropriate amplicon. The lower limit of detection was 5 viral copy

69



Amplification |ﬁ Standard Curve IE
! ! ! [} 4 ! ! ! . y y ' y
12 4 1
10 1
& 8
<
e
T
B
o] Lok fle ff)5 ; o T
s : ' : DUUREBRSNE B TR SRR -
7 * g g :
0t g . i o Log Starting Quantity
: : ; i 0 St
0 10 2 Y @ X Unknonn
Cycles [7] Log Scale —— SYBR  E=85.9% R"2=0.932 Slope=2.713 y-int=38.148
Melt Curve @ Melt Peak @
16 1 T T T T ] T T T T T T T
il BES 2000 Lot
12 ] e RN e e :
_ 1800 bt RO
201 ]
s 10 g
2 € o000 Lot ]
T oo At T RS D 3
Lt e A L :
500 Lot R ]
s I
: : : : i i : S : i : i
&5 70 75 80 85 80 95 65 70 78 80 85 80 95
Temperature, Celsius Temperature, Celsius

Figure 12: The Integrated Proviral DNA Syber Green Real- Time PCR
Standard Curve. The integrated proviral DNA standard and melting curves

showing the limit of detection of 6 viral copy number/ng.
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Figure 13: Optimization of Total HIV-1 Proviral DNA Detection by Real- Time
PCR. Total HIV-1 proviral DNA positive standard curve using previously
described primers and probe with the average limit of detection of 5 viral copy

numbers/ng
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Figure 14: Optimization of 2-LTR Proviral DNA Detection by Real- Time
PCR. 2-LTR proviral DNA standard curve giving an average of 5 viral copy

numbers for the limit of detection.

72



Amplification
£ B R S U PR PP P R LR PRV e

2500 |
2000
B 1500

1000

500

t t + + t t + + t f
0 1 2 3 4 5 8 7 8 9
Log Starting Quantity

O Standard
X Unknown
Cycles [7] Log Scale —— FAM  E=835% R'2=0.559 Slope=3.632 y-mi=35.025

Figure 15: Optimization of the Integrated Proviral DNA Detection by Real- Time PCR.
Integrated proviral DNA standard curve was positive for the desired product giving an

average limit of detection low as 6 viral copy numbers/ng.
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Figure 16: Optimization of Total HIV Proviral DNA Detection by Real- Time PCR
Mixed with Chromosomal DNA. The total HIV-1 proviral DNA positive standard
curve mixed with chromosomal DNA giving an average limit of detection of 5 viral

copy numbers/ng the same as the analysis without chromosomal DNA
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Figure 17: Optimization of 2-LTR Proviral DNA Detection by Real- Time PCR
Mixed with Chromosomal DNA. The positive standard curve mixed with
chromosomal DNA gave the lower limit of detection of 5 viral copy numbers/ng the

same as the analysis without chromosomal DNA
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detection of 6 viral copy numbers/ng.
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Figure 18: Optimization of the Integrated Proviral DNA Detection by Real- Time
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Figure 19: Samples Dilutions from Various Gut Tissues to Test for the Optimal DNA
Concentration. Total HIV-1 proviral DNA was tested on patient # 16 duodenum Visit 3
and patient # 20 Colon dilutions. 2-LTR proviral DNA was tested on patients # 14
esophagus visit 7 and patient # 18 stomach visit 5. For all patients total HIV-1 proviral
DNA was detectable in various dilutions. The 2 ng concentration seems to be giving the

most positive results, however two of the results were outside of the standard curve.
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Figure 20: Total HIV-1 proviral DNA detection by real time PCR without/with the presence of BSA. To
determine the effect of potential inhibitors we added BAS to our assays. In comparison, the total HIV-1

proviral DNA with BSA might have an effect as some tissues were negative before using BSA. However,

78



Patients 3 and 19

[o]
o

~
IS}
—

0o
c
= 60
3
E 50
>
c 40
a
o 30
O
20
=
> 10
[ i -
0
Without BSA With BSA

N #3PMBC 3 # 19 Colon5

Figure 21: 2-LTR and integrated proviral DNA detection by real time PCR without/with the presence
of BSA. . To determine the effect of potential inhibitors we added BAS to our assays. 2-LTR proviral
DNA was tested on patient #3 PBMC visit 3 and integrated proviral DNA was tested on patient #19
Colon visit 5. The results of both of the proviral DNA forms were not affected by BSA as they

remained detectable with even lower levels after adding BSA.
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Figure 22: HIV-1 proviral DNA forms detection from PBMC’s of HIV-1 infected
patients. 72% of the patients were positive for total HIV proviral DNA, 27% were positive

for 2-LTR proviral DNA and 11% of the patients were positive for the integrated proviral

DNA.
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Figure 23: Total HIV-1 proviral DNA quantification from PMBC’s of HIV-1
infected patients. 4/13 of the positive patients were detectable and quantifiable for
the total HIV-1 proviral DNA. The patients’ different treatments had not effect on

the levels of detection as it was low for both AZT and ddl patients.
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Figure 24: 2-LTR proviral DNA quantification from PBMC’s of HIV-1
infected patients.4/5 of positive patients were detectable and quantifiable for 2-
LTR proviral DNA. The patients’ different treatments had not effect on the

levels of detection as it was low for both AZT and ddl patients.
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Figure 25: The integrated proviral DNA quantification from PBMC’s of HIV-1
infected patients. 2/2 of positive patients were detectable and quantifiable for the
integrated proviral DNA. The patients’ different treatments seems to have an effect
on the levels of detection as it was low for AZT and high in DDI patients. However,

the limited numbers of patients cannot confirm that affect.
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Figure 26: HIV-1 proviral DNA forms detection in the gut different tissues of HIV-
1 infected patients: 14 out 14 tested patients were positive for the total HIV-1
proviral DNA. 6 out of 14 patients were positive for the 2-LTR DNA form and 8

out 14 patients were positive for the integrated proviral DNA.
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Figure 27: HIV-1 DNA distribution in gut tissues of HIV-1 infected patients: A- represents the total HIV
proviral DNA from the patients’ samples with the esophagus and the colon being the most detectable tissues
among the rest of the gut tissues. B-The distribution of the 2-LTR proviral DNA was found most frequently
in our patients’ esophagus and stomach. The duodenum and colon were the least detectable tissues. C- The
integrated proviral DNA was also found mostly in the stomach, duodenum and colon with the esophagus

being the least detectable tissue among the gut different tissues.
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Table 14: Positive gut tissue samples for total HIV-1 proviral DNA from AZT group various
Visits.

Patient Type of Tissue Visit 1 Visit 3 Visit 5 Visit 7
Number
23 Esophagus ++ ++ + -
Stomach - - - -
Duodenum - ++ - -
Colon ++ ++ - -
39 Esophagus - + - -
Stomach - - - -
Duodenum - - - -
Colon - ++ - -
57 Esophagus + + + +
Stomach + + + +
Duodenum NA ++ ++ NA
Colon NA + + NA

(++) Detected and quantified (-) Negative

(+) Detected only (N/A) Not available

Patients # 23, 39 and 57 received AZT only during this study. Total HIV-1 proviral DNA
was detectable and quantifiable more frequently in visit 3 of the esophagus, duodenum and
colon. Although, the ability to quantify the total HIV-1 proviral DNA in the other visits of

the gut tissues was limited, our assay was able to detect it in our patients’ samples.
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Table 15: Positive gut tissue samples for total HIV-1 proviral DNA from ddI group various
Visits.

Patient Type of Tissue Visit 1 Visit 3 Visit 5 Visit 7
Number

5 Esophagus - - + -

Stomach + - - -

Duodenum -

Colon -

14 Esophagus - - - ++

Stomach ++ - - ++

Duodenum - - - +

Colon - ++ - -

16 Esophagus - - ++ -

Stomach - - - -

Duodenum - - -

Colon - - - -

22 Esophagus

Stomach

Duodenum -

24 Esophagus

Stomach

¥
¥
+ +

Colon - + + -
+
+
+

Duodenum -

Colon - R

31 Esophagus - - - -

Stomach - - - -

Duodenum - - + -

Colon - ++ - -

(++) Detected and quantified (-) Negative

(+) Detected only (N/A) Not available

Patients # 5, 14, 16, 22, 24 and 31 received ddl only during this study. Total HIV-1 proviral
DNA was detectable and quantifiable more frequently in the stomach and colon. The assay
detected the total HIV-1 proviral DNA from various visits of the patients’ gut tissues and no

trending was observed.
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Table 16: Positive gut tissue samples for total HIV-1 proviral DNA from switched treatment
group various Visits.

Patient Type of Tissue Visit 1 Visit 3 Visit 5 Visit 7
Number

18 Esophagus - - - -

Stomach - - - -

Duodenum - ++ ++ -

Colon - ++ - -

19 Esophagus - - ++ -

Stomach - - - ++

Duodenum - - - -

Colon - - - -

20 Esophagus ++ ++ - -

Stomach - - - +

Duodenum - - - -

Colon ++ ++ - ++

(++) Detected and quantified (-) Negative

(+) Detected only (N/A) Not available

Patients # 18 received ddl during 6 visits and switched to AZT+ ddc. For this patient, the
duodenum and colon were the only detectable and quantifiable for total HIV-1 proviral
DNA, and visit 3 was more frequently found positive. Moreover, patient #19 received ddl
on the first visit and switched to AZT during this study. The total HIV-1 proviral DNA was
detectable and quantifiable in the Esophagus and Stomach for this patient. In addition, 20
received AZT during 4 visits and switched to ddl during this study. Total HIV-1 proviral
DNA was detectable and quantifiable more frequently in the esophagus and colon and most
frequently in visit 3. In conclusion, the switching between AZT and ddl did not affect the
detection of total HIV-1 proviral DNA as various tissues were detectable and quantifiable.

The frequent detection on visit 3 might be due to a better DNA purity.
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Table 17: Positive gut tissue samples for 2-LTR proviral DNA from AZT group various Visits.

Patient Type of Tissue Visit 1 Visit 3 Visit 5 Visit 7
Number
23 Esophagus + - - -
Stomach + + - -
Duodenum - + - -
Colon + + - -
39 Esophagus + + - -
Stomach + + - -
Duodenum - - + -
Colon + + - -
57 Esophagus - - - -
Stomach + + ++ +
Duodenum - + + ++
Colon + ++ - -

(++) Detected and quantified (-) Negative

(+) Detected only (N/A) Not available

Patients # 23, 39 and 57 were receiving AZT during this study. The total HI\V-1 proviral
DNA were detectable and quantifiable in patient #57 stomach visit 5, duodenum visit 7 and
colon visit 3. These same tissues were detectable but not quantifiable in the other visits.
Patients 23 and 39 were detectable for total HIV-1 proviral DNA more frequently in visit 1

and 3 of the esophagus and stomach.
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Table 18: Positive gut tissue samples for 2-LTR proviral DNA from ddl and switched treatment
group various Visits.

Patient
Number

Type of
Tissues

Visit 1

Visit 3

Visit 5

Visit 7

5

Esophagus

Stomach

++

Duodenum

Colon

24

Esophagus

Stomach

Duodenum

Colon

18

Esophagus

Stomach

Duodenum

Colon

(++) Detected and quantified (-) Negative

(+) Detected only

(N/A) Not available

Patients # 5, 24 and 18 were receiving ddl during this study. The 2-LTR proviral DNA was

detectable and quantifiable in the stomach and colon from various visits. The esophagus was

only detectable in the visit 3 and 5 from patients # 5. The stomach was also detectable for 2-

LTR proviral DNA in visit 5 from patient # 18 who were receiving ddI during this visit.
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Table 19
Visits.

: Positive gut tissue samples for the integrated proviral DNA from ddI group various

Patient
Number

Type of
Tissue

Visit 1

Visit 3

Visit 5

Visit 7

5

Esophagus

Stomach

++

Duodenum

Colon

14

Esophagus

++

Stomach

++

Duodenum

Colon

16

Esophagus

Stomach

Duodenum

Colon

22

Esophagus

Stomach

Duodenum

Colon

24

Esophagus

Stomach

Duodenum

Colon

(++) Detected and quantified (-) Negative

(+) Detected only

(N/A) Not available

Patients #5, 14, 16, 22, and 24 were receiving ddl during this study. The integrated proviral

DNA was detectable and quantifiable most frequently in the stomach from various patients’

visits. The detection of the integrated proviral DNA was varied from patients to another and

from visit to another from the same patient.
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Table 20: Positive gut tissue samples for the integrated proviral DNA from switched treatments
group various Visits.

Patients Type of Tissue Visit 1 Visit 3 Visit 5 Visit 7
Number

18 Esophagus - - - -

Stomach - - - -

Duodenum - - - -

Colon - - ++ -

19 Esophagus - - - +

Stomach - -

+
Duodenum - - + -
Colon - + +

20 Esophagus - - - -

Stomach - - - -

Duodenum - - + -

Colon - - - -

(++) Detected and quantified (-) Negative

(+) Detected only (N/A) Not available

Patient #18 was receiving ddI during visit 5 of the colon, which was the only visit detected
and quantified for the integrated proviral DNA. Patient # 19 was receiving AZT during the
positive visits for the integrated proviral DNA and most of the gut tissues were only
detectable from various visits. Patient # 20 was receiving ddl during visit 5 of the
duodenum. In conclusion, the various gut tissues were detectable from various visits. The
switching between AZT and ddl had no effect in the detection of the integrated proviral

DNA and the challenge was in the structure of the DNA.
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Positive Gut Tissues for Total HIV-1 Proviral DNA from
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Figure 28: All positive gut tissue samples for the total HIV-1 proviral DNA from
various visits. Visit 3 was the most detectable for total HIV-1 proviral DNA from all
of the gut tissues. This pattern might have to do to the DNA purity at this visit and

also the effect of monotherapy on the different gut compartments.
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Figure 29: Comparison of Total HIV-1 proviral DNA levels in the gut tissues from HIV-1
infected patients: (A) Patient #23 received AZT (solid line) the levels of the total HIV-1
proviral DNA fluctuated between the visits of the esophagus, duodenum and colon. The
same pattern was also found in the esophagus and the stomach of patient #14 (dashed line)
who received ddl. (B) Patient #20 was receiving AZT and switched to ddl in visit 5. The
total HIVV-1 proviral DNA levels fluctuated in the esophagus and colon, which seems that

switching to ddI affected the levels of total HIV-1 proviral DNA.
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Figure 30: 2-LTR proviral DNA levels in the gut tissues from HIV-1
infected patients. Patient 57 (solid line) received AZT and the levels of
the 2-LTR fluctuated between the visits of the stomach and colon. The
same fluctuation was found in the stomach visit of patient #24 receiving

ddl (dashed line). Both drugs had the same fluctuated levels of 2-LTR
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Figure 31: The integrated proviral DNA levels in the gut tissues from
HIV-1 infected patients: Both patients 5 (solid line) and 14 (dashed
line) were receiving ddl in in the different tissues of both patient. This

analysis showed that the integrated proviral DNA level fluctuated in the
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