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1. ABSTRACT  

 

Human immunodeficiency virus 1 (HIV-1) is still the leading cause of death in 

developing countries, mainly in sub-Saharan Africa, where, according to the 

World Health Organization, around 80% of the over 35 million infected people 

worldwide currently live. A combination treatment with antiretroviral drugs is 

currently the only therapy for HIV-1 that has been approved by the United States 

Food and Drug Administration. However, new treatment regimens are still 

needed, since antiretroviral therapy (ART) is associated with long-term side 

effects, requires the patient to take a pill every day for their lifetime, and does 

not cure HIV infection. A novel and promising approach is immunotherapy with 

broadly neutralizing antibodies (bNAbs). One of the most potent bNAbs is 

3BNC117, which can neutralize a wide range of viruses, since it binds to 

conserved regions in the HIV-1 spike protein. This study evaluated the influence 

of this bNAb in participants who were virologically suppressed on ART and then 

underwent an analytic treatment interruption (ATI). The latent viral reservoir was 

analysed by a qualitative and quantitative viral outgrowth assay for cultured 

CD4+ T cells from two different time points to determine whether 3BNC117 could 

affect the latent reservoir. Additionally, latent viruses were compared to rebound 

viruses to determine how viral escape occurred. A sequence analysis and 

phylogenetic trees revealed the selection of viral strains that were more resistant 

to 3BNC117 during ATI. These findings support the use of 3BNC117 in further 

clinical trials in combination with other potent bNAbs, with the goal of prolonged 

suppression in a broader range of HIV-1-infected patients. 
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2. ZUSAMMENFASSUNG  

 

Das Humane Immundefizienz-Virus 1 (HIV-1) ist immer noch einer der 

Haupttodesursachen in Entwicklungsländern, speziell in Sub-Sahara-Afrika, wo 

nach Angabe der Welt Gesundheitsorganisation (WHO) 80% der rund weltweit 

35 Millionen infizierten Menschen leben. Eine antivirale Kombinationstherapie 

(ART) ist die bisher einzige, von der Food and Drug Administration zugelassene,  

Behandlungsmöglichkeit für HIV-1. Längerfristig ruft ART jedoch 

Nebenwirkungen hervor und muss zudem lebenslang täglich eingenommen 

werden. Da diese Form der Therapie HIV-1 nicht heilen kann, werden neue 

Therapieformen benötigt. Ein neuer und vielversprechender Ansatz ist die 

Immunotherapie mit breitneutralisierenden Antikörpern (bNAbs). Einer der 

wirkungsstärksten bNAbs ist 3BNC117, welcher eine große Bandweite 

unterschiedlicher HI-viren beim Eindringen in die Zelle hindern kann, da es an 

konservierten Regionen des HIV-1 Spike Proteins (Env) bindet. In dieser Studie 

wurde der Einfluss des bNAb in virologisch unterdrückten Patienten auf ART 

getestet, welche weiteres auf analytische Behandlungsunterbrechung (ATI) 

gesetzt wurden. Um den Einfluss von 3BNC117 auf das latente virale Reservoir 

zu untersuchen, wurde ein quantitativer und qualitativer viraler Wachstums 

Assay verwendet, mit welchem CD4+ T Zellen von zwei verschiedenen 

Zeitpunkten kultiviert wurden. Zusätzlich wurden latente Viren mit 

wiederkehrenden Viren des Rebounds verglichen, um festzustellen, welche 

Mechanismen das Virus benützt, um sich dem Einfluss des Antikörpers zu 

entziehen. Durch sequenzielle- und phylogenetische Analysen konnte eine 

Selektion von bestimmten Viren mit besserer Fitness gegen 3BNC117 während 

ATI festgestellt werden. Diese Untersuchung befürwortet eine weitere 

Verwendung von 3BNC117 in klinischen Kombinations-Studien, um bessere 

Ergebnisse für eine größere Bandweite HIV-infizierter Patienten zu erreichen.  
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3. ABBREVIATIONS  

 

3BNC117 Anti-HIV-1 bNAb targeting the CD4 

binding site of gp120 

AID 

 

AIDS 

activation-induced cytidine 

deaminase 

acquired immune deficiency 

syndrome 

ART antiretroviral therapy 

ATI analytic treatment interruption 

bNAbs broadly neutralizing antibodies 

CDC Centers for Disease Control 

CDR complementary-determining region 

DTT dithiothreitol 

ELISA enzyme-linked immunosorbent assay 

Env HIV-1 spike protein 

env envelope gene  

FBS fetal bovine serum 

FWRs framework regions 

HIV-1 human immunodeficiency virus 1 

HTLV-1 human T-cell lymphotropic virus type 

1 

IL-2 interleukin 2 

IUPM infectious units per million 

LTR long terminal repeat 

P24 ELISA P24 enzyme-linked immunosorbent 

assay 

PBMCs peripheral blood mononuclear cells 

PCR polymerase chain reaction 

PHA phytohaemagglutinin 
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Q2VOA quantitative and qualitative viral 

outgrowth assay 

QVOA quantitative viral outgrowth assay 

rt room temperature 

RT reverse transcriptase 

SGA single-genome amplification 

SIV simian immunodeficiency virus 

V(D)J variable diversity joining 
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4. INTRODUCTION  

  

4.1 Acquired Immune Deficiency Syndrome (AIDS) – how everything began  

AIDS was first described in 1981,9 when young homosexual men in Los 

Angeles, California, showed symptoms of a rare infection, Pneumocystis 

pneumonia, which until then had only been described in immune-compromised 

patients.10 Additionally, several homosexual men also developed Kaposi`s 

sarcoma, a rare skin cancer.11 When these unusual cases were observed in 

countries other than the United States, the Centers for Disease Control (CDC) 

suggested that the term AIDS could be used to describe the disease. In 1983, it 

was proven that AIDS was not transmitted only among homosexuals - 

heterosexual transmission also contributed to the spread of the disease.12 In 

1984, two research groups independently described a new human retrovirus, 

which was different from human T-cell lymphotropic virus type 1 (HTLV-1), that 

was named human immunodeficiency virus (HIV) in 1986.12 Almost two decades 

later, researchers found that the AIDS pandemic was caused by HIV-1 and this 

virus had originated from zoonotic transfer from simian immunodeficiency virus 

(SIV)-infected chimpanzees and gorillas.12  

HIV-1 (also described as group M) can be divided into subgroups A-D, F-H, J 

and K, as well as into several hybrid virus, so called “circulating recombinant 

forms” (CRFs) and “unique recombinant forms” (URFs). The dominant form in 

Europe, Asia and North America is subtype B (Fig. 1).9 HIV-2 has also been 

described, and occurs mainly in western Africa. The related simian virus HIV-2 

was found in the sooty mangabey.9 



11 

 

 

 

4.2 HIV-1 in the present 

More than 25 years after it was first described, researchers have not yet 

developed a cure for HIV-1 infection, which affected 36.7 million people 

worldwide at the end of 2015, including around 2 million people who were newly 

infected in 2015.86 The ability of the virus to mutate, evolve and therefore escape 

from the human immune system is the biggest challenge researchers face in 

developing a cure for HIV.  

 

4.3 Characteristics, structure and life cycle of HIV 

One of the most important proteins encoded by the HIV-1 genome is the HIV-1 

spike protein (Env) gp160, which is cleaved into three glycosylated gp120 

exterior proteins and three transmembrane gp41 proteins.13 Broadly neutralizing 

antibodies (bNAbs), which are explained in more detail in section 4.7, can 

neutralize a wide range of HIV-1 subtypes by targeting the viral envelope (Fig. 

2).7 However, most bNAbs bind to gp120 (Fig. 2).13 

Figure 1 – Worldwide distribution of HIV-1 – The different colours represent 

the different subtypes of HIV-1 group M. In North America, Europe and Asia, 

the predominant subtype is B. From Hemelaar 20121 
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Figure 2 - HIV-1 virion with enlarged env trimer and binding sites for bNAbs – The 

transmembrane protein gp41 and the external glycoprotein gp120 form spikes on the viral 

surface. The enlargement of the spike protein shows the binding sites of bNAbs in detail. 

bNAbs bind to gp120 in regions V1 and V2 and at the CD4 binding site, as well as in the V3-

glycan region. From Fuchs et al. 2016 2 and https://www.sofatutor.com/biologie/biologie-

des-menschen-mittelstufe/das-immunsystem-des-menschen/infektionskrankheiten-und-

deren-erreger 
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The HIV-1 genome consists of 974314 nucleotides, with gag, pol and env regions 

between 5`and 3` long terminal repeat (LTR) regions (Fig. 3).7,14  Gag encodes 

the capsid proteins p7 (nucleocapsid), p24 (capsid), p17 (matrix proteins) and 

p6. The pol region encodes the viral protease, reverse transcriptase and 

integrase. 15 

 

 

The gp120 sequence in the trimeric env region consists of variable regions (V1-

V5), a CD4 binding site and a cleavage site (Fig. 4). 

 

Figure 3 – HIV genome – Around 10 kbp long, with two 75nt LTR regions; gag codes for p17 

(matrix protein), p24 (capsid proteins), p7 and p6; pol codes for p51 reverse transcriptase (RT), 

protease (prot), integrase (p31 int) and p15; the env protein is divided into gp120 (external 

protein) and gp41 (transmembrane protein).2,3 From Aralaguppe et al. 2016.5 
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Once HIV-1 enters the bloodstream, the virus life cycle starts with the binding of 

gp120 to chemokine receptor CCR5 or CXCR4 of CD4+ T-cells to become 

integrated into the cell. In the host cell, the virus releases its viral genome into 

the cytoplasm and transcribes HIV-RNA into HIV-DNA with reverse 

transciptase.16,17 With the help of integrase and interaction with host DNA-repair 

enzymes, the virus integrates into transcriptionally active domains of the host-

DNA and reprograms the cell to produce HIV proteins.18,19 The reverse 

transcriptase has a high error rate because it lacks proofreading activity. This 

feature enables the virus to produce several viral variants and increase viral 

fitness.18,20 

 

Figure 4 – Structure of HIV trimeric env region; A and B show gp120 and gp41. gp120 

contains 5 hypervariable regions, V1-V5 (A, C), as well as the CD4 binding site (A).2 The 

colours that identify the structural regions in HIV are the same for A, B and C: dark green 

– variable regions (V1-V5), orange – the CD4 binding site, light green – gp129 and gp41, 

red – the fusion domain, and purple – the transmembrane region. From

http://www.microbiologybook.org/lecture/hiv9.htm 
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4.4 Currently available treatments 

Combinations of antiretroviral drugs, are the standard treatment for HIV-1 and 

the only option to keep the viral infection under control.21 In the past, it was not 

possible to use drugs as monotherapy because patients rapidly evolved 

resistance to treatment.22 In 1996, when Ho et al. suggested that a cocktail of 

three or four different antiretroviral drugs could be used to keep the viral load 

low, AIDS became a treatable chronic disease instead of a fatal condition.16,23,24 

He and his group studied the dynamics of the HIV infection cycle and discovered 

that, due to rapid replication of the virus, the host immune system loses the 

ability to protect itself from infection over time.24 Additionally, the virus can 

change its genome very quickly through mutations during the replication 

process,24 and this explains why patients become insensitive to treatment with 

a single antiretroviral drug. However, treatment with three or four drugs imposes 

a high barrier for viral escape, since the viral mutation turnover is not fast enough 

to evolve a single viral particle that contains mutations against the combination 

treatment.24 Currently, there are about 20 drugs on the market to suppress the 

development of AIDS in HIV-infected-patients. Most of them act as inhibitors of 

viral reverse transcriptase, which suppress replication of the virus, or as 

protease inhibitors, which prevent viral maturation and lead to the production of 

non-infectious particles. It is also possible to use fusion inhibitors that target 

gp41 of the envelope protein to prevent the virus from entering the host cell16 or 

integrase inhibitors that block viral replication by inhibiting strand transfer.25 

 

4.5 The problem of escape and persistence in the latent reservoir 

A challenging problem for the antiretroviral treatment (ART) is the latent 

reservoir, within which integrated proviruses can persist. The latent reservoir is 

characterized by memory CD4+ T cells, naive T cells, macrophages and 

astrocytes that are infected but do not produce the virus.18,26 Most of the latent 

reservoir consists of cells that contain replication-incompetent virions.27 After 

infection, most CD4+ T cells die immediately after viral release. However, a small 
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amount of cells persist in a resting state and form the latent reservoir, where the 

virus genome is stably integrated into the host chromosome.27–29 In these 

persisting cells, HIV is transcriptionally silenced and remains as a replication-

competent provirus.27,30 The latent reservoir is believed to be a source of the 

viral rebound that occurs once the patient stops taking antiretroviral drugs.31 

While several strategies are aimed at elimination of the latent reservoir, current 

agents are rather inefficient. One strategy is the “shock and kill” method, where 

activating reagents are used to target latently infected cells and eliminate them 

with drugs used for ART (e.g., histone deacetylase inhibitors). Many ongoing 

trials are evaluating this approach and examining its impact on the viral 

reservoir.31  

 

4.6 Achievements in studying the reservoir 

Since the percentage of latently infected CD4+ T cells is very low, a quantitative 

culture assay, the so-called quantitative viral outgrowth assay (QVOA), was 

needed to determine the number of replication-competent CD4+ T cells.27,32 With 

this assay, which was first described in the mid-1990s29, it was demonstrated 

that latently infected cells persist in patients even after long-term ART.27  

In this assay, CD4+ T cells are activated with phytohaemagglutinin (PHA) and 

cultured together with irradiated allogenic peripheral blood mononuclear cells 

(PBMCs) and cells from healthy donors. The irradiated PBMCs contain 

macrophages and dendritic cells that enhance the activation of CD4+ T cells, 

and the healthy donor cells expand viral infection.29 Viral production is measured 

by a p24 enzyme-linked immunosorbent assay (ELISA).29, 33 The problem with 

this culture-based assay is underestimation of the size of the replication-

competent reservoir. With this method, only inducible provirus is captured, and 

non-induced intact proviruses in CD4+ T cells are not detected.34,35 This was 

confirmed by studies in which another round of PHA activation resulted in a 

positive reaction in wells that had previously been negative in p24 ELISA.29,33  
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Integrated proviral HIV-1 DNA can also be measured by a PCR method. 

However, since this approach measures inducible, non-inducible, and defective 

proviruses, it overestimates the size of latent infection:29,34 only cells infected 

with replication-competent virus represent the true size of the reservoir.34  

Two mechanisms have been described to be responsible for the persistence of 

replication-competent viruses: either viruses undergo some replication in 

latently infected cells, or there is a persistent clone that transmits its genetic 

information via cellular proliferation.34 The fact that the latent reservoir remains 

genetically stable over a period of several years in patients on ART gives hope 

that, someday, there will be an efficient way to eradicate latently infected cells 

and possibly cure HIV-1 patients.34  

 

4.7 Broadly neutralizing antibodies (bNAbs)  

Some HIV-infected patients evolve antibodies that can neutralize a broad range 

of viruses. These bNAbs have been tested in several experiments in macaques 

and humanized mice20 and have been shown to protect against HIV-1 infection. 

Therefore, they are of great interest for vaccine development, which requires 

high-affinity antibodies that can bypass the glycan shield of the virus.40–43  Doria-

Rose et al. investigated the sera of 103 patients, and found that 20% of the 

patients tested could neutralize 75% of 20 different viral strains.38,39 Gray et al. 

similarly showed that, over a period of 3 years, some patients developed 

antibodies that were cross-neutralizing against different epitopes of env.38 

Generally, bNAbs specific for gp12013 show a large number of somatic 

mutations that correlate with their neutralizing potency against HIV-1.4,42,44 

Activation-induced cytidine deaminase (AID), which is expressed during clonal 

expansion in B cells in the germinal center45, is responsible for these mutations, 

which are mostly found in the loops of complementary-determining region 

(CDR), where changes in the antibody-combining site have no effect on the 

structure of the variable region.42 Of the six CDRs, the heavy-chain CDR H3 is 

the most important. Variable diversity joining (V(D)J) recombination is 

responsible for building the highly variable CDR H3.46 CDRs are further 
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scaffolded by framework regions (FWRs), which are usually intolerant against 

mutations, except in bNAbs. Analyses of these regions revealed that mutations 

are responsible for the neutralizing activity and potency of bNAbs.42,43  

First-generation monoclonal anti-HIV-1 antibodies like 2F5, 4E10 and b12 were 

not successful at neutralizing HIV-1 in vivo, and therefore abandoned.20 They 

were ineffective due to their limited breadth and potency in pre-clinical studies, 

and some were auto-reactive.7,7,20,47 Breadth is defined as the ability of an 

antibody to neutralize a certain amount of HIV-1 isolates, and potency 

represents the amount of antibody needed to neutralize 50% (IC50) or 80% (IC80) 

of HIV-1 infection.20 The availability of new high-throughput neutralization 

assays like the TZM-bl single-cycle infection assay enable the investigation of 

large amounts of HIV-1 plasma samples.20 With TZM-bl, it is possible to define 

the breadth and potency of antibodies. Several groups have screened HIV-1-

positive individuals for bNAbs with single-cell-based antibody cloning 

methods7,43. With this approach, isolated B cells are first sorted, and for each 

cell an Ig heavy and light chain gene transcript is amplified and cloned into an 

expression system to produce the Ig in vitro.48–50 A range of new bNAbs, 

including 10-1074, NIH45-46, 10E8, PGT121, PGT128, PGT145, PGT135, 

PG9, PG16, VRC01, b12 48,51, and 3BNC60,4 have been identified and 

characterized. In particular, 3BNC117 shows very high potency.4,5 bNAbs can 

be classified according to their target in the env region (Fig. 2). Some (including 

3BNC117) target the CD4 binding site, carbohydrate epitopes on the variable 

loops V1/V2 (e.g., PG9/PG10 antibodies) or the N332 glycan on the V3 loops 

(e.g., PGT antibodies).4,43,51 Scheid et al. tested the neutralizing potencies of the 

CD4 binding site-specific bNAbs VRC01, NIH45-46 and 3BNC117, and found 

that most of the tested viruses were sensitive to 3BNC117. NIH45-46 was more 

potent than its variant VRC01, but less potent than 3BNC117. Moreover, a 

combination of all three antibodies could neutralize 96% of the tested viruses.4  

In a monkey study by Shingai et al., 2 of 2 macaques showed a rapid decrease 

in viral load after they were given a single dose of 10 mg/kg 3BNC117, and 

showed viral rebound after 20 days.52 Horwitz et al. showed that, in 4 of 8 
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humanized mice, 3BNC117 could control the viral load for a short period of time 

even when ART was discontinued.6 Mice that were resistant to the antibody had 

viruses with mutations in the CD4 binding site.6 After this proof-of-concept study, 

Caskey et al. tested 3BNC117 in humans and observed that 3BNC117 is well-

tolerated: with a dose of 30 mg/kg, the viral load in infected patients was 

significantly reduced for 28 days.7 

Scheid et al. found that four doses of 3BNC117 were well tolerated and could 

suppress viral rebound for 9 weeks after 2 infusions, and for up to 19 weeks 

after 4 infusions, in patients undergoing ATI. Only 30% of patients remained 

suppressed until the antibody concentration was less than 20 µg/ml, and most 

participants showed no resistance to the effects of 3BNC117, indicating that this 

bNAb puts strong pressure on latent viruses, making it difficult for them to 

escape.21 In a humanized mouse trial, a combination of PG16, 10-1074 and 

3BNC117 prevented viral rebound as long as the antibody concentrations 

remained between 1 and 10 µg/ml.53 This finding highlights the potential for the 

use of a combination of bNAbs and antiretroviral drugs.51, 54  

In summary, it has been shown that, after passive infusion, bNAbs place 

selective pressure on the virus in humanized mice and macaques, and even 

reduce viremia or delay rebound in HIV-infected patients. However, none of 

these studies examined the impact of bNAbs on the latent reservoir in HIV-1 

patients.  

 

4.8 Aim of the thesis 

The purpose of this clinical trial was to further investigate the impact of 3BNC117 

on the viral reservoir and its ability to suppress viremia. To better understand 

and characterize the latent reservoir, our group developed a qualitative and 

quantitative viral outgrowth assay (Q2VOA)8. Besides measuring the quantity of 

viruses, this method makes it possible to characterize the genetic profiles of 

different HIV-1 strains. Specifically, the aim of this thesis is to increase our 

understanding of the mechanisms of viral escape under pressure by 3BNC117, 

what influence this bNAb has on the development of the latent reservoir during 
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ATI, and whether the effectiveness of treatment with this bNAb is correlated with 

the patient`s time to rebound. We hypothesized that a genetic change in the 

latent reservoir would occur in patients on ART who were treated with the bNAb 

3BNC117.  

 

This thesis is based on an investigation of two participants. The findings of this 

pilot project served as guidelines in a clinical trial involving other participants. 
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5. MATERIALS AND METHODS  

 

5.1 Materials  

The materials used in this study are listed in the Appendix. 

 

5.2 Methods  
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5.2.1 Outline of the methods 
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Figure 5 - Overview of the project – The 

workflow is divided according to the source of 

the samples: preparation of samples from D-

14 and W23 starts with leukapheresis and 

ends with env PCR (see section 5.2.2). 

Plasma samples from after rebound were 

directly used for RNA extraction, followed by 

env SGA. 
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5.2.2 Study Design  

In this Phase II study, four doses of 3BNC117 were given intravenously to 15 

HIV-1-infected patients. This thesis describes the analysis for patients 608 and 

611. Thirty mg/kg of 3BNC117 was given on day 0 and weeks 12, 24 and 27. 

Two days after the third injection, the patient started ATI until viral rebound.  

To measure the latent reservoir and to analyse the influence of 3BNC117 before 

and after ATI, two time points were selected for leukapheresis – 14 days before 

antibody treatment (D-14) and 23 weeks after two doses of antibody (W23). As 

a third source, plasma at the time of rebound was collected.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2.3 Quantitative and qualitative viral outgrowth assay (Q²VOA) 

Q2VOA is based on the quantitative viral outgrowth assay (QVOA) developed 

by Siliciano’s group.28 The procedure was described by Laird et al.28 Single 

dilutions in 24-well plates were used, with the aim of achieving less than 30 % 

positive HIV-1-producing wells, which ensures a single infectious unit (one CD4+ 

T cell in a well that is spreading HIV) with more than 80% probability.55  

For Q²VOA, CD4+ T cells must be isolated from HIV-1-infected patients via 

leukapheresis to obtain the desired quantity of PBMCs. 

Patient on ART  

Leukapheresis 1 

(D-14) 

Leukapheresis 2 

(W23) 

Day 0  Week 12  Week 24  Week 27 

Patient on ATI Continued ATI 

(optional) 

3BNC117  

30 mg/kg 

3BNC117  

30 mg/kg 

3BNC117  

30 mg/kg 

3BNC117  

30 mg/kg 

Figure 6 – Overview of study design – The patient restarted ART at rebound (plasma HIV-RNA 

level >200 copies/ml). The leukaphereses performed at D-14 and W23 were performed by the 

Rockefeller University Hospital Inpatient Unit. Collected samples were subjected to Q2VOA to 

qualify and quantify latently infected CD4+ T cells. The delay in viral rebound during ATI represents 

the effect of 3BNC117 alone on viral suppression.   
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5.2.3.1 Day 1 – Healthy donor PBMC stimulation 

Healthy donor cells were provided from the University Hospital in the form of 

PBMCs (50x106 cells per vial) for viral expansion. For each well, 106 cells were 

calculated, and prepared in a stock with 100x106 cells per reaction tube. To each 

reaction tube was added 10 ml of RPMI media, and the tube was centrifuged at 

1400 RPM for 6 min. Meanwhile, five culture flasks with 25 ml of pre-warmed 

RPMI media, 25 µl of IL-2 (1000x) and 25 µl PHA (1000x) were prepared per 

patient. The supernatant of the reaction tube was aspirated and the pellet was 

mixed with 8 ml of the prepared RPMI media from one culture flask and 

distributed equally to the culture flasks.  

 

5.2.3.2 Day 2 – HIV+ CD4+ T cell stimulation  

CD4+T cells from HIV+ patients were obtained in vials with PMBCs from the 

University Hospital after leukapheresis and activated with PHA, which is a lectin 

that mimics CD4+ T cell activation by T cell receptor (TCR). In vitro, it serves as 

a substitute for the antigen-major histocompatibility complex.56 After activation 

of transcription factor NFκB in the LTR region, CD4+ T cells undergo a single 

round of DNA synthesis.56 

Each vial with PBMCs contained 50x106 cells in 1 ml. For each well, 0.3x106 

cells were used. PBMCs were centrifuged with 10 ml MACS buffer at 1300 rpm 

for 7 min at room temperature (rt). The supernatant was removed and the pellet 

was mixed with 400 µl MACS buffer. One hundred µl of T Cell Biotin-Antibody 

Cocktail were added, and the mixture was incubated for 5 min at 4°C. Again, 

300 µl of MACS buffer and 100 µl of T Cell Micro Bead Cocktail were added, 

and the mixture was incubated for 10 min at 4°C. Meanwhile, magnetic stands 

and columns for CD4+ T cell isolation were prepared. Columns were activated 

by the addition of 10 ml MACS buffer. After 500 µl of labelled PBMC cocktail 

was added to each column, CD4+ T cells were isolated in collection tubes and 

centrifuged at 1300 rpm for 7 min at rt. The supernatant was removed, and the 

pellet was mixed with 10 ml RPMI. CD4+ T cells were counted as follows: 
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x

4
∗ y ∗ z ∗ 10	 = number of cells in total 

 

 x….number of cells in 4 squares  

 y…dilution with Trypan Blue (1:50) 

 z…volume in which cells were resuspended (10-15 ml) 

 104……dilution factor of the Neubauer chamber 

 

Cells were diluted with RPMI to a final concentration of 0.3 x 106 cells/ml, and 1 

µl/ml IL-2 (1000x) and 1µl/ml PHA (1000x) were added to the RPMI media.  

 

5.2.3.3 Day 2 – Irradiation of healthy donor cells  

On day 2, to boost the infection, healthy donor cells were irradiated before they 

were added to stimulated CD4+ T cells of HIV-1 patients. 106 irradiated healthy 

donor cells were added to each well, which were stored in a concentration of 

50x106 cells/vial. Five vials per patient were thawed, washed in 10 ml MACS 

buffer and centrifuged at 1300 rpm for 7 min. Supernatant was removed and 

RPMI was added to achieve a concentration of 106 cells/1.5 ml.  

 

5.2.3.4 Day 3 – Isolation of CD8-depleted stimulated PBMCs from healthy 

donors  

Stimulated PBMCs obtained from healthy donors on day 1 were collected in a 

collection tube and centrifuged at 1400 rpm for 7 min at rt. Supernatant was 

removed and the pellet was homogenized in 800 µl MACS buffer. Two hundred 

µl of CD8-Depleting Cocktail was added to the collection tube and incubated for 

15 min at 4°C. Ten ml of MACS buffer was added and centrifuged at 1300 rpm 

for 7 min at rt. Meanwhile, a magnetic stand with columns was prepared and 

activated with 3 ml of MACS buffer. A collection tube was placed under the 

columns and 500 µl of the labelled PBMC cocktail was added to the columns. 

The columns were washed with 5 ml of MACS buffer. The collection tubes were 

then centrifuged at 1400 rpm for 7 min at rt. The pellet was mixed with 10 ml of 
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RPMI. Cells were counted as described for day 2 and diluted to 106 CD8-

depleted cells per 1.5 ml for each well.  

 

5.2.3.5 Day 7 – New round of healthy donor PBMC stimulation  

A new round of healthy donor cells were prepared, following the steps described 

for day 1, and PHA and IL-2 were added again.  

 

5.2.3.6 Day 9 – New round of adding CD8-depleted healthy donor cells 

On day 9, the same steps as described for day 3 were performed to expand the 

infection of the virus. One ml of media was removed from each well and replaced 

with 1 ml RPMI with 106 newly produced healthy donor cells supplemented with 

IL-2. 

 

5.2.3.7 Day 14 – p24 ELISA 

p24 ELISA was performed as described in the Lenti-XTM p24 Rapid Titer Kit User 

Manual from Clontech Laboratories, Inc. (Mountain View, CA, USA). The 

reagents used were from the Lenti-X p24 Rapid Titer Kit from Clontech.  

Twenty µl lysis buffer were added to all wells on the 96-well plate provided with 

the kit. The wells are covered with anti-p24 (Fig. 7) to detect p24 particles of the 

virus.  
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Figure  7 – p24 ELISA – This ELISA works like sandwich ELISA, but no blocking is needed 

because the plate is coated with anti-p24 (p24 is a virus capsid protein in the gag gene) and, 

due to the sensitivity of the antibody, no blocking of unspecific binding sites is needed. Lysis 

of the virus results in soluble p24 particles that can be detected using a biotinylated secondary 

anti-p24 antibody, a streptavidin horseradish peroxidase conjugate (HRP) and a colour-

producing substrate. From the Lenti-XTM p24 Rapid Titer Kit User Manual (Clontech).  

 

One column remained empty to give a standard curve. The standard curve was 

prepared as follows (Fig. 8): 

 

 

 

 

 

 

 

200 µl of each standard curve dilution was added to each well of the last column. 

Two hundred µl of the sample supernatant from Q2VOA was added. The ELISA 

plate was incubated at 37°C for 1h and then washed with an automatic plate 

washer with six rinse cycles. One hundred µl of anti-p24 antibody was added to 

each well. The plate was incubated at 37°C for 1h and washed as described 

above. Next, 100 µl of streptavidin was added to each well. The plate was 

Figure 8 – Standard curve preparation – The standard curve consisted of 8 different 

concentrations, where the latter two contained only RPMI to check the background. 

450 µl RPMI 

+ 

50 µl p24 

250 µl RPMI 250 µl RPMI 250 µl RPMI 250 µl RPMI 250 µl RPMI 

250 µl 250 µl  250 µl  250 µl  250 µl  

250 µl RPMI 250 µl RPMI 
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incubated at rt for 30 min and washed as described above. One hundred µl of 

Substrate Solution was added to each well. The plate was incubated for 10 min 

at rt, covered with aluminium foil to protect the reaction from daylight. To stop 

the reaction, 100 µl of Stop Solution was added to each well. The colour intensity 

measured with a spectrophotometer at 450nm correlated with the p24 level in 

the wells.  

 

5.2.4 HIV-1 RNA extraction and cDNA production of Q2VOA samples  

Two hundred µl of supernatant from all wells that tested positive for HIV-1 in the 

p24 ELISA were collected for RNA extraction. For a TZM.bl neutralization assay, 

we collected 1 ml of the positive supernatants to test their sensitivity to the bNAb 

3BNC117. This assay was performed by Dr. Mike Seaman (see section 5.2.12). 

For RNA extraction, the MinElute Virus Spin Kit and RNase-free DNAse Set 

from Qiagen (Valencia, CA, USA) were used, with a Qiacube robot.  

Protease was reconstituted with 1.4 ml AVE Buffer, the Carrier RNA with 310 µl 

AVE Buffer and the DNase with 600 µl nuclease-free H2O. Twenty five ml of 

ethanol (100%) was added to AW1 Buffer and 30 ml of ethanol (100 %) to AW2 

Buffer. The reaction mix listed in Table 1 was prepared for each sample in a 

Qiacube reaction tube.  

 

Table 1 – Components (1x) for RNA extraction  

Component Amount [µl] 

H2O 100 

AL Buffer 200 

Carrier DNA 5.6 

Total 305.6 

 

Before 305.6 µl of reaction mix was added to each reaction tube, 25 µl 

Proteinase of the MinElute Virus Spin Kit from Qiagen was added. One hundred 

µl of the collected positive supernatant was added to the reaction tube.  
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For the Qiacube, a mixture for 12 samples was prepared in two tubes. Tube A 

contained 135 µl DNase + 70 µl RDD Buffer and tube B contained 1316 µl AVE 

Buffer. The samples were loaded according to the manufacturer’s instructions.  

cDNA synthesis was performed as described in the literature.87 The first reaction 

mix was prepared as shown in Table 2.  

 

Table 2 – Components of reaction mix 1 for cDNA production 

Components  Amount [µl] Concentration  

Nuclease-free H2O 5.25  

Env3Out antisense primer 0.75 20 µM 

dNTP mix 3.00 10 mM each 

Amount per well 9.00  

RNA template 30.00  

Total Volume 39.00  

 

Nine µl of reaction mix and 30 µl of RNA sample were added to each well on a 

96-well plate. The plate was incubated for 5 min at 65°C and for 1 min on ice. 

For the second reaction, we prepared a mix of components as shown in Table 

3.   

 

Table 3 – Components for reaction mix 2 for cDNA production  

Components  Amount [µl] 

5x Buffer First Strand 12.00 

DTT 3.00 

RNAseOut 3.00 

Super Script III 3.00 

Amount per sample  21.00 

 

Twenty one µl of reaction mix was added to each well. The plate was incubated 

at 50°C for 1 h, followed by 55°C for 1 h, with a final cycle at 70°C for 15 min. 

After incubation, 3 µl of RNAseH was added to each well and the plate was 

incubated at 37°C for 20 min.  
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5.2.5 HIV-1 RNA extraction and cDNA production for rebound samples  

RNA extraction from plasma samples of patients from after rebound was 

performed as described in section 5.2.4. Instead of 100 µl of sample, we used 

200 µl of plasma sample and did not add nuclease-free H2O to the reaction mix.  

cDNA synthesis was also performed as described in section 5.2.4.  
 

5.2.6 Env single-genome amplification for cDNA after rebound  

Single-genome amplification (SGA) of the HIV-1 envelope was performed as 

described in the literature.87 

This protocol sought to achieve less than 30 % of positive amplification products, 

which represents, on a 96-well plate, fewer than 25 positive wells. These 

numbers are based on a statistical probability according to Poisson, which 

ensures that no more than one single-copy template is present in a well. 

To identify the optimal dilution for genomic DNA to reach the 30% distribution, a 

titration plate with dilution ranging from 1:10 to 1:10000 was used.  

The outer PCR (PCR1) reactions contained the components listed in Table 4 

and the primers listed in Table 24, while the temperature program was set as 

described in Table 5. 

 

Table 4 - Components for env PCR1  

Components Amount [µl] for 1x 

reaction 

Amount [µl] for 100x 

reaction 

dH2O 15.3 1530 

10x Buffer 2.0 200 

MgS04 0.8 80 

dNTP mix 0.4 40 

High Fidelity 

Platinum Taq 

0.1 10 

envB5out 0.2 20 

envB3out 0.2 20 

 19.0 1900 

cDNA template 1.0  

Total Volume 20.0  
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Table 5 – Temperature profile for env PCR 1  

Step Repetitions °C Time  

Initial Denaturation  94 2 min 

Denaturation 

Annealing 

Extension 

45x 

45x 

45x 

94 

55 

68 

15 sec 

30 sec 

4 min 

Final Extension  68  15 min 

Hold  4 ∞ 

 

To confirm clonal dilution, nested amplification by an inner PCR (PCR2) was 

performed with envB5in and envB3in primers listed in Table 24, a reaction mix 

described in Table 4 and a temperature profile listed in Table 5. As a template, 

1 µl of each sample from the PCR1 plate was added to the plate of PCR2.  

To check the amplification efficiency of the env PCR2, a 1 % agarose E-Gel 

(Thermo Scientific; Grand Island, NY, USA) was used, with 4 µl sample and 12 

µl ddH2O. Visualization of the E-Gel was performed using ImageQuantLAS400 

from GE Healthcare Life Science (Pittsburgh, PA, USA).  

Env-samples with a size of around 3 kB were collected in a separate 96-well 

plate for library preparation. 

 

5.2.7 Env PCR for cDNA from Q2VOA  

Since the limiting dilution for Q2VOA was performed in the in vitro part of the 

study, PCR amplification did not seek to achieve a distribution of less than 30%. 

In nested PCR for Q2VOA samples, the samples were diluted according to the 

ELISA results from the spectrophotometer.  

The components for the reaction of env PCR1 are listed in Table 4 and the 

temperature profile used for the reaction is shown in Table 6. 
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Table 6 – Temperature profile for env PCR1 of Q2VOA samples  

Step Repetitions °C Time  

Initial Denaturation  94 2 min 

Denaturation 

Annealing 

Extension 

35x 

35x 

35x 

94 

55 

68 

15 sec 

30 sec 

4 min 

Final Extension  68  15 min 

Hold  4 ∞ 

 

The components for the reaction of env PCR2 are listed in Table 4, with envB5in 

and envB3in primers listed in Table 24 and the temperature profile for the 

reaction is listed in Table 7.  

 

Table 7 – Temperature profile for env PCR1 of Q2VOA samples  

Step Repetitions °C Time  

Initial Denaturation  94 2 min 

Denaturation 

Annealing 

Extension 

45x 

45x 

45x 

94 

57 

68 

15 sec 

30 sec 

4 min 

Final Extension  68  15 min 

Hold  4 ∞ 

 

The amplification products of env PCR2 were checked on 1 % agarose E-Gel 

(Thermo Scientific; Grand Island, NY, USA).  

. 

 

5.2.8 Library preparation for Illumina sequencing 

The library for Illumina sequencing was prepared according to a modified 

Illumina Nextera protocol as described by Kryazhimskiy et al.57 using the 

Nextera DNA Sample Preparation Kit from Illumina (San Diego, CA, USA).  

In brief, 96 samples were diluted to a final DNA concentration of 15-20 ng/µl. 

For the tagmentation of genomic DNA, a reaction mix of 143.75 µl TD-Buffer 

and 28.75 µl TD-Enzyme was used, and 1.5 µl was transferred to each well. 
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Subsequently, 1 µl of the diluted samples was transferred to each well. The plate 

was incubated at 55°C for 5 min. In the tagmentation process, the enzyme cuts 

the gDNA and adaptors are added at every site (Fig. 9).  

Tagmentated products were amplified by using barcodes with indices. For 

barcoding, the Nextera Index Kit from Illumina was used. Twelve N7xx indices 

were used for the rows, and 8 N5xx indices were used for the columns. For each 

row index, a reaction mix of 18 µl KAPA HiFi HotStart ReadyMix and 9 µl index 

was prepared, and for each column index, a reaction mix of 27 µl KAPA HiFi 

HotStart ReadyMix and 9 µl index was prepared.  2.5 µl of each row and column 

reaction mix was transferred in a specified order to each well of the tagmentation 

plate. The cycling program for the first amplification step is shown in Table 8.  

 

Table 8 – Temperature profile for the first amplification step of library 

preparation  

Step Repetitions °C Time  

Initial Denaturation  72 

98 

3 min 

2.45 min 

Denaturation 

Annealing 

Extension 

8x 

8x 

8x 

98 

62 

72 

15 sec 

30 sec 

1.30 min 

Hold  4 ∞ 

 

In the second amplification step, Primer 1 and Primer 2 were used (Table 24), 

which recognize barcoded regions from the first amplification step. A reaction 

mix of 57.6 µl Primer 1, 57.6 µl Primer 2 and 979.2 µl KAPA HiFi HotStart 

ReadyMix was prepared. 9.5 µl of the reaction mix was then transferred to each 

well. The temperature profile for the second amplification is shown in Table 9.  
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Table 9 – Temperature program for the second amplification of library 

preparation  

Step Repetitions °C Time  

Initial Denaturation  95 3 min 

Denaturation 

Annealing 

Extension 

4x 

4x 

4x 

98 

62 

72 

20 sec 

20 sec 

30 sec 

Initial extension   72 2 min  

Hold  4 ∞ 

 

Amplification products were collected in 12 collection tubes with a final volume 

of 140 µl in each tube. One hundred thirty six µl AMPure XP beads were added 

to each tube and incubated for 5 min at rt. Next, the tubes were placed into a 

magnetic stand to separate the beads with the gDNA from the solution, which 

was aspirated from the beads. The beads were washed three times with 1 ml 

70 % ethanol and then dried for 5 min at rt. One hundred µl of TE-buffer (pH 8) 

was added to each tube to break the binding between gDNA and the beads. 

After 2 min of incubation, the tubes were placed back in the magnetic stand to 

collect gDNA into a collection tube.  
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Quantification of the library was performed by the Genomics Resource Centre 

at Rockefeller University. The library was measured by TapeStation from Agilent 

(Santa Clara, CA, USA) and Qubit from Invitrogen (Waltham, MA, USA). 

TapeStation provided information about the molar concentration, fragment 

distribution and average fragment size, which was important to know for further 

calculations in the Illumina sequencing before set-up. 

 

Figure 7 – Overview of Nextera library preparation for Illumina MiSeq sequencing

First, a transposase is used to tagment the genomic DNA. In this step, the DNA is 

fragmented into pieces of around 600 bp and adaptor sequences are tagged to the 

DNA. The PCR step amplifies the tagmented DNA pieces and adds index adaptor 

sequences on both ends of the DNA to enable the dual-indexed sequencing of pooled 

libraries with MiSeq from Illumina. From http://www.illumina.com/content/dam/illumina-

marketing/documents/applications/ngs-library-prep/ForAllYouSeqMethods.pdf 
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5.2.9 Illumina sequencing (MiSeq) 

With MiSeq Illumina sequencing, cluster generation, amplification, sequencing 

and data analysis are provided in a single run. The workflow for MiSeq is divided 

into the following steps:  

 

 

 

 

 

The library was first denatured with 1nM sodium hydroxide (NaOH) and diluted 

to 12pM for paired-end MiSeq sequencing, using the Illumina Miseq Nano V2 

300 Cycle Kit (2x150 bp).  

The procedure was performed as described in the literature.88 

  

5.2.10   Sequence analysis 

Geneious Pro software 10.1.3 (Biomatters Ltd., Newark, NJ, USA) was used to 

generate alignments and phylogenetic trees. The bioinformatical raw analysis, 

including de novo assembling, contig alignment and BLAST analysis, was 

conducted by Thiago Oliveira.8 

Sequence analysis of HIV env genes was performed at D-14 and W23, and after 

rebound. 

Paired-end reads were combined into a single file. A consensus sequence was 

generated using contigs that were aligned to the HIV-1 reference sequence. 

With this analytical tool, escape mutation patterns of HIV-1 could be detected.    

The logo plots were created on the HIV Sequence Database Website with the 

CatNap tool (https://www.hiv.lanl.gov/components/sequence/HIV/neutralization 

/index.html) and further processed with Adobe Illustrator (Adobe Systems, San 

Jose, CA, USA).  

 

Library 
Preparation 

Sequencing Data Analysis Final Results 
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5.2.11   Generation of env-pseudotyped viruses   

Pseudoviruses from samples at rebound were produced so that we could 

compare the results with Q2VOA-derived and plasma-derived samples.58 A 

backbone plasmid pSG3Δenv and a plasmid with the env from positive amplified 

products were used to transfect HEK 293T cells. 

Env PCR2 was repeated for selected samples under the conditions described 

in Tables 4 and 5.  

To verify that the amplified products were the correct size, a 0.7 % agarose gel 

was used. Bands with the correct sizes were then purified with the NucleoSpin 

Gel and PCR Clean-up Kit from Clontech (Mountain View, CA, USA). Purified 

env-amplification products were directionally cloned to a pcDNA3.1 TOPO 

plasmid and transfected into HEK 293T cells. The reaction mix for the 

transformation contained the components described in Table 10.  

  

Table 10 – Components for transformation in STBL3 bacteria  

Components  Amount [µl] 

Salt solution  1.00 

PCR Product 4.00 

TOPO Plasmid 1.00 

Amount per sample  6.00 

 

After the reaction mix was incubated for 30 min on ice, 20 µl of STBL3 bacteria 

were added and the mixture was incubated again on ice for 30 min. Afterwards, 

bacteria were heat-shocked for 45 sec at 42°C. Subsequently, 250 µl of SOC 

media was added, followed by incubation at 30°C for 60 min in a shaking 

incubator. Transformed bacteria were plated on a LB agar plate with ampicillin 

(100µg/ml) overnight at 30°C.  

For each sample, 5-8 small colonies were selected and cultured in 3 ml LB 

media with ampicillin (100µg/ml) overnight at 30°C in a shaking incubator. 

Cultures were purified the next day with a QIAprep Miniprep Kit according to the 

manufacturer`s instructions for plasmid purification.  
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One day before transfection, 293 T cells were seeded into 60 mm dishes in 3 ml 

media at a concentration of 106 cells/dish. On the day of transfection, 293 T 

media, the transfection media OptiMEM and the transfection reagent FuGENE 

were pre-warmed for 30 min. Meanwhile, 1250 ng SG3Δenv plasmid for each 

60 mm dish, in a total volume of 125 µl and with a total amount of 2.5 µg purified 

plasmid, were prepared. 7.5 µl FuGENE was diluted in OptiMEM in a total 

volume of 125 µl and incubated for 5 min at rt. Purified plasmid was added and 

incubated for 30 min at rt. The DNA-FuGENE mix was added dropwise into the 

dishes with the 293 T cells and incubated for 48h at 37°C. The entire content of 

each dish with pseudoviruses was then harvested, filtered, and collected for the 

neutralization assay described below. 

 

5.2.12   TZM.bl neutralization assay  

One ml of positive-tested supernatants from Q2VOA and the pseudoviruses 

obtained from rebounded samples were sent to Dr. Michel Seaman of Beth 

Israel Deaconess Hospital in Boston, to perform a TZM.bl neutralization assay. 

Basically, this assay shows neutralization of the 3BNC117 antibody against HIV-

1. TZM.bl cells have an HIV-1 promoter and express luciferase. If an antibody 

has a neutralizing effect, luciferase expression is decreased.59, 60  
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6. RESULTS &  D ISCUSSION  

 

6.1 Study participants  

The study was conducted under the approval of The Rockefeller University 

Institutional Review Board. Written informed consent was obtained from both 

participants under study protocol MCA-0866 at The Rockefeller University.  

Key data for study participants 608 and 611, including age, gender, ethnic 

background, year of HIV infection and starting time of ART, as well as the 

number of bNAb injections received and sensitivity pre-screening, are shown in 

Table 11. Patient 608 was diagnosed with HIV-1 in 1992 and started ART in 

2013. Pre-screening revealed that patient 608 was insensitive to 3BNC117, with 

an IC50 over 20. Patient 611 was positively diagnosed with HIV-1 in 2002 and 

began ART in 2003. According to the pre-screening data, patient 611 had an 

IC50 of 1.018 before 3BNC117 administration. 

 

      Table 11 – Study participants – Eligible HIV-1-infected participants had undetectable 
plasma HIV-1 RNA levels while on ART. 

Study 

ID 

Age Gender Race Year of 

HIV 

diagnosis 

Year ART 

started 

Number of 

3BNC117 

infusions 

received 

3BNC117 IC50 

pre-

screening  

608 50 M Black 1992 2013 4 >20 

611 57 M White 2002 2003 4 1.018 

 

 

The timing of HIV-1 infection and when ART began could considerably influence 

the results. In this thesis, the hypothesis is that viral rebound is much faster and 

diverse if infected patients are not treated for many years, which was the case 

for patient 608 (Table 11). In such cases, the viral reservoir could have sufficient 

time to evolve and a broad range of host antibodies could develop, which would 

further affect the sensitivity to bNAbs. In general, a pre-existing resistance to 

3BNC117 is possible in chronically infected HIV-patients, since the B-cell 
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response creates many antibody variants against many types of escape 

variants.65  

Patient 611 represents the opposite scenario, in that he began ART soon after 

infection. In this case, the viral reservoir could still exhibit low diversity, which 

may lead to an increased sensitivity to 3BNC117. 

We pre-screened participant-derived viruses to determine whether they had a 

pre-existing resistance to 3BNC117. This sensitivity pre-screening consisted of 

an in vitro sensitivity neutralization assay, with serum taken from the study 

participants before the administration of 3BNC117. Although patient 608 

showed poor sensitivity to this bNAb, he was included in the study to understand 

whether a pre-existing insensitivity to this bNAb can predict an unsuccessful 

treatment outcome. For patient 608, we expected only a weak response to the 

bNAb. In contrast, patient 611 showed high sensitivity to 3BNC117 in the pre-

screening, and thus we expected a good response to the bNAb.  

 

6.2 Viral load during ART and ATI 

Figure 10 shows the viral load for patients 608 and 611 on ART, and after ART 

interruption. In both patients, the viral load remained below the limit of detection 

during ART. Patient 608 showed a rapid rebound after 3 weeks on ATI, whereas 

the viral load in patient 611 rose above the limit of detection after 6 weeks during 

ATI. Patient 608 showed 380 RNA copies/ml at week 27 and patient 611 had 

2580 RNA copies/ml at week 29. 

 

After ATI, the study participants rebounded differently. The rapid rebound in 

patient 608 could be explained by pre-existing resistance to 3BNC117. The 

phylogenetic tree analysis in section 6.6 confirms this hypothesis. 
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6.3 Q²VOA culture results for patients 608 and 611 

To further analyse the impact of 3BNC117 on the reservoir, CD4+ T cells isolated 

from the patient`s plasma (PBMCs) at two different time points were cultured. 

The first time point was two weeks before day 0 (D-14), and the second time 

point was at week 23 (W23).  

By calculating the infectious units per million (IUPM), the viral reservoir can be 

quantified. This analysis estimates the percentage of latently infected cells in a 

sample.85 

Table 12 summarizes the Q2VOA results for patients 608 and 611. For patient 

608 at D-14, 58 positive wells (based on p24 ELISA results) were analysed and 
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.  
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an IUPM of 1.71 was calculated. For W23, an IUPM of 0.52 was calculated for 

34 wells.  

 

For patient 611 at D-14, 42 wells were tested and an IUPM of 0.31 was obtained. 

For W23, an IUPM of 0.7 was calculated from 20 positive wells. 

Sequences were further used to generate phylogenetic trees (Figs. 13 and 14) 

and for a sequence analysis (Figs. 15 and 16).  

 

Table 12 - Overview of Q2VOA results - Infectious units per million (IUPM) was calculated 

based on all wells tested after culture and the number of positive wells according to p24 ELISA.  

IUPM was calculated with the Siliciano IUPM Calculator64 

Patient 608  

Time point  Total CD4 

cells (x 106) 
Wells tested 

Positive wells 

(%) 
IUPM 

Day -14 38.4 336 58 (17.3) 1.71 

Week 23 74.4 312 34 (10.9) 0.52 

Patient 611 

Time Point  Total CD4 

cells 
Wells tested 

Positive wells 

(%) 
IUPM 

Day -14 281.9 240 42 (17.5) 0.31 

Week 23 34 120 20 (16.6) 0.7 

 

A stable reservoir has an IUPM between 0.1 and 1 and, according to a Poisson 

statistic, the percentage of latently infected CD4+ T cells does not change by 

more than 1 log in patients on long-term ART. 61–63  

The IUPM data revealed that, in patient 611, the size of the reservoir remained 

stable between D-14 and W23. In patient 608, the IUPM was slightly high at D-

14. However, the difference between the two time points remained below 1 log, 

suggesting the persistence of HIV-1 in the form of a small latent reservoir in both 

patients.  

A stable reservoir size has been previously confirmed in a study with patients 

on ART without 3BNC117 treatment.8 
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6.4 Env single-genome amplification (SGA) and env polymerase chain 

reaction (PCR) results for patients 608 and 611 

After the Q2VOA analysis, positive wells were collected and the viruses were 

further characterized genetically. 

 

6.4.1  Env SGA for cDNA after rebound  

For samples obtained after rebound, SGA, with an output of less than 30% virus-

positive wells, was performed for both patients. Seven env SGA plates with an 

output of 36 bands with a size of 3 kb were prepared for patient 608. Fifteen of 

the sequenced bands (41%) could be used to generate a phylogenetic tree (Fig. 

13). For patient 611, six env SGA plates were prepared, with a total of 33 bands 

for further sequencing analysis. After we excluded defective sequences and 

double peaks, 14 sequences (42%) of good quality could be used for sequence 

analysis. Figure 11 shows a representative example of the results obtained for 

viral rebound samples from patient 608. 
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A non-virus-containing negative control was included in each experiment, which 

is not shown on this plate, to ensure a lack of viral contamination.  

To determine the correct band size, the E-Gel™ 1 Kb Plus DNA Ladder (Thermo 

Scientific) (Fig. 12) was used.  

 

Figure 9 – Env SGA results for rebound samples from patient 608 – On 

the basis of a dilution analysis (see section 5.8.6), a dilution of 1:2 was chosen 

to obtain a distribution of less than 30% positive isolates with a size of around 

3 kbp. For this plate, 20 amplification products with the correct band size 

(marked with red ovals) were detected. Small fragments are probably 

defective viruses or partial products of env pieces, and were therefore 

excluded for the sequence analysis. A 1% agarose E-gelTM was used to check 

for the right band size.  
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6.4.2 Env PCR for Q2VOA  

For the samples obtained at D-14 and W23, env PCR was performed with 

standard primers (Table 24). Since the Q2VOA method already aims for less 

than 30% positive results, SGA is not necessary (see section 5.2.7).  

For patient 608, 11 env PCRs were conducted, with 83 3 kbp bands. After all 

quality checks, 45 sequences (54%) could be used for a sequence analysis. For 

patient 611, 11 env PCRs were performed, with 70% efficiency. Among the 58 

bands collected for sequencing, 41 sequences could be used for sequence 

analysis. Figure 13 shows a representative example of env PCR2 for samples 

from patient 611 on D-14.  

Again, to analyse the band size, the E-Gel™ 1 Kb Plus DNA Ladder (Thermo 

Scientific) was used (Fig. 12). 

 

Figure 10 - E-Gel™ 1 Kb Plus DNA 

Ladder – The ladder helped us to 

identify env SGA and env PCR 

amplification products with a size of 

around 3 kbp. 
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6.5 Sequence analysis  

The numbers of env sequences used for genetic analysis, after all quality 

checks, excluding defective sequences and double peaks, are shown in Table 

13.  

 

Table 13 – Numbers of env sequences used to generate phylogenetic trees (section 6.6) 

and sequence alignments (section 6.7) 

 

Patient ID  Q2VOA D-14 Q2VOA W23 Rebound  Total 

608 23 22 15 60 

611 21 20 14 55 

Figure 11 – Env PCR2 results for patient 611 at D-14 - Each sample was 

applied to the same column to obtain 12 identical amplification products per 

sample. The aim was to retrieve at least 1 positive product per column (marked 

with red ovals), which could be used for library preparation and Illumina 

sequencing. For columns that were empty, we chose a lower dilution and 

performed another nested PCR. A 1% agarose E-gelTM was used to check for 

the right band size.  
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6.6 Phylogenetic trees  

6.6.1 Tree analysis of HIV-1 env sequences of patient 608  

To illustrate changes in the viral reservoir between D-14 and W23, and changes 

in viral composition between ART and rebound, HIV-1 env sequences 

determined by SGA from primary CD4+ T cells and HIV-1 env sequences after 

rebound for each patient were mapped together in the form of a phylogenetic 

tree (Figs. 14 and 15). With this analysis, it is possible to draw initial conclusions 

regarding how 3BNC117 influences both the composition of the viral reservoir 

and viral rebound.  

The HIV-1 env sequences of patient 608 are very branched. Many different viral 

strains are present, with no clear separation between D-14 and W23. Six viruses 

from different branches at D-14 and W23 were selected for the neutralization 

assay (Table 14). None of the tested viruses from D-14 and W23 was sensitive 

to 3BNC117. A more detailed explanation of the neutralization assay is provided 

in section 6.7. In a comparison of Q2VOA-derived sequences with rebound-

derived sequences, we did not observe one particular dominant clone that was 

more resistant to 3BNC117.  

The insensitivity of selected viruses to 3BNC117 could explain why there was 

no difference in the composition of HIV-1 env sequences between the two time 

points; i.e., viruses that are resistant to 3BNC117 were present in this patient. 

This can explain the fast rebound of patient 608 after three weeks (Fig. 10), and 

also confirms that pre-existing resistance (Table 11) to this bNAb decreases the 

success of antibody treatment. Viruses from the rebound shared the same 

branch with viruses from D-14 and W23. Therefore, viruses after rebound were 

not tested in the neutralization assay, since they were also expected to be 

resistant to 3BNC117.   

These results suggest that, before starting bNAb treatment, it is crucial to pre-

screen infected individuals and determine if they are already resistant or 

sensitive to the bNAb. 

 



48 

 

 

 

 

MB4  

MF4 

MB22 

MA15 

MK24 

MJ5 

Figure 14 Phylogenetic tree of HIV-1 env 

sequences of patient 608 – All three time 

points (D-14, green; W23, blue; after rebound, 

red) are mapped together. The genetic 

distance scale bar for this tree is 0.05. Viral 

strains marked with a purple arrow were 

subjected to a neutralization assay. IC80 results 

are summarized in Table 14. The names of 

selected viruses refer to the plate number in 

Q2VOA experiments. All of the strains showed 

very low sensitivity to 3BNC117 (IC80 > 50; i.e., 

more than 50 mg/ml of the bNAb would be 

needed to neutralize 80% of the virus). 

0.05 

Hxb2 

   Q2VOA D-14 

   Q2VOA W23 

   Plasma SGA  

   Reference Hxb2 
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6.6.2 Tree analysis of HIV-1 env sequences of patient 611  

HIV-1 env sequences from all three time points were not very branched. env 

sequences from after rebound were close to particular env sequences from 

W23. No distinctive difference was observed between HIV-1 env sequences at 

D-14 and W23.  

The results of the neutralization assay for selected viruses at D-14 and W23 

were similar, with some sensitivity to 3BNC117 (Table 14). The results of the 

neutralization assay are further explained in section 6.7. 

The results suggest that the genetic composition of the viral reservoir did not 

change under the influence of 3BNC117, since there was no significant 

difference between the HIV-1 env sequences at D-14 and W23. The 

phylogenetic tree analysis also showed one dominant clone with similar 

sequences for rebound viruses in patient 611, indicating clonal expansion from 

a single virus that was more resistant to 3BNC117 (Fig. 14). 

Unfortunately, the results of the neutralization assay for the pseudotyped 

rebounded viruses were not available at the time of this report. Those results 

should show whether the virus was able to escape because of mutations in the 

CD4 binding site or because the concentration of the antibody in the patient`s 

blood decreased. However, it can be assumed that rebound took place due to 

low concentrations of 3BNC117, since rebound occurred at six weeks after the 

interruption of ART. This suggests that a constant concentration of bNAb may 

prevent viral rebound in susceptible patients for a longer period of time.  
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MH7 

MI10 

MH8  

MJ3 

MC1 

MH12 

Figure 15 - Phylogenetic tree of HIV-1 env 

sequences for patient 611 – Sequences at D-

14 (green), W23 (blue) and after rebound (red) 

are mapped together. The genetic distance 

scale bar for this tree is 0.05. The purple 

arrows show viruses that were chosen for the 

neutralization assay (Table 14). The names of 

selected viruses refer to the plate number in 

Q2VOA experiments. IC80 values ranged from 

1.5 to 4.4, indicating that all of the viruses 

tested were fairly sensitive to 3BNC117. 

 

0.05 

Hxb2 

   Q2VOA D-14 

   Q2VOA W23 

   Plasma SGA  

   Reference Hxb2 
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6.7 TZM.bl neutralization assay results from D-14 and W23 

After the supernatant of HIV-1-positive wells in p24 ELISA was collected, 

samples from both D-14 and W23 of patients 608 and 611 were subjected to a 

neutralization assay and an evaluation of the sensitivity to 3BNC117.  

Samples from different branches of each phylogenetic tree were chosen. IC80 

values for selected viruses are shown in Table 14. All of the tested viruses from 

patient 608 at both D-14 and W23 had an IC80 above 50, indicating that viruses 

from patient 608 were completely resistant to 3BNC117.  

The samples from patient 611 at D-14 and W23 had IC80 values between 1.5 

and 4.4, indicating moderate sensitivity to 3BNC117. These neutralization 

results correspond to the pre-screening results shown in Table 11.  

 

Table 14 - TZM.bl neutralization assay results– The neutralization assay was used to 

measure the sensitivity of latent viruses to 3BNC117. IC80 values indicate the antibody 

concentration that inhibited viral infection by 80%. 

Patient 611 3BNC117 

Virus ID IC80 

611 D-14_MH12 1.682 

611 D-14_MH7 1.574 
611 D-14_MI10 2.153 

611 D-14_MJ3 2.503 
611 D-14_ML9 NT 
611 D-14_MH8 4.444 
    
611 W23 MC1 2.437 
  

IC80(µg/ml)  

     1.0-10.0 
     NT (not 
tested) 

      >50.0  
 
 
  

 

Patient 608 3BNC117 

Virus ID IC80 

608 D-14_MA15 NT 
608 D-14_MB22 NT 

608 D-14_MB4 >50 
608 D-14 MF4 >50 

  
608 W23 MK24 >50 
608 W23 MJ5 >50 
  



52 

 

6.8 TZM.bl neutralization assay results from after rebound 

Env-pseudotyped viruses were generated for viruses obtained from patient 611 

after rebound (see section 5.2.11; no env-pseudotyped viruses were produced 

for viruses from patient 608 after rebound). Successfully co-transfected samples 

were subjected to neutralization testing to evaluate the sensitivity of selected 

viruses to 3BNC117. The neutralization results for env-pseudotyped viruses 

from rebound in patient 611 did not arrive in time for this report.  

Based on the results of the neutralization assay for selected samples from D-14 

and W23 of patient 608 (all of the tested viruses from patient 608 had an IC80 

above 50), we expected an IC80 above 50 for viruses obtained after rebound. 

Therefore, we did not perform a neutralization assay for those samples.  

 

6.9 Sequence alignment analysis  

Env sequences were mapped against the reference genome Hxb2 Gp160 so 

that the env sequences of all of the tested viruses could be compared. Alignment 

results are shown in Figs. 16 and 17. Hxb2 is shown as a colour-coded 

sequence with defined annotations in the first row of the alignment. Variable 

regions in gp120, which are marked in blue, have extensive sequence diversity.  

The results showed that, in the early stage of HIV-1 infection, antibody 

responses play a role in env diversification. We observed insertions and 

deletions in the variable loops, especially in hypervariable regions. Since 

variable regions are exposed to the host immune system, these regions must 

constantly change for the virus to avoid being attacked by host antibodies.66  



5
3

 

 

Figure 16 Sequence alignment of viral env sequences for patient 608 – All 48 sequences at D-14, W23 and after rebound were 

aligned against the reference genome Hxb2 Gp160. Important regions in the env sequences are highlighted in different colours in 

the reference. Antibody binding sites are shown in brown, variable loops are shown in blue, and hypervariable regions are shown in 

grey.  
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Figure 17 Sequence alignment of viral env sequences for patient 611– All 52 sequences were aligned against the reference sequence 

Hxb2 Gp160. According to this alignment, further sequence analysis was performed with a focus on the 3BNC117 binding sites. The binding 

sites are marked in brown in the reference sequence. Variable loops are shown in blue, and hypervariable regions are shown in grey. 
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6.10 Logo plot analysis   

Based on the HIV-1 env sequence alignment for patients 608 and 611 (Figs. 16 

and 17), logo plots of the 3BNC117 binding sites for all time points were created 

to track sequential changes (Figs. 18 and 19). We focused on these sites 

because mutations in these regions are important mechanisms of viral escape. 

In a logo plot, the frequency of each amino acid is indicated by its height. For 

positions undergoing selection, pie charts were created to depict the frequency 

and type of amino acids in detail and to compare the changes between ART and 

ATI. This enabled us to evaluate the effect of 3BNC117 on the composition of 

the latent reservoir, before and after ATI, and to identify the kinds of mutations 

that are selected to evade binding to the antibody. 

 

6.10.1 Logo plot analysis of HIV-1 env sequences of patient 608    

For patient 608, the most common changes were at positions 278-282, as well 

as 460-462 (Fig. 18). Changes over time are summarized in Table 15.  

At position 278, at both D-14 and W23, the relative predominance of the polar 

amino acids Serine (S) and Threonine (T) was the same. In contrast, viruses 

from rebound showed selection for T.  

For position 279, Alanine (A) was observed at both D-14 and W23, but the 

composition changed at rebound: Asparagine (N), Aspartic acid (D), Alanine (A) 

and Lysine (K) were observed at almost the same frequency (20-30 %).  

At position 280, there was greater variability in the amino acids before ATI than 

at rebound, when 80% of the sequences had Asparagine (N) and 20% had 

Serine (S) at this position.  

A similar situation was noted for position 281; there was greater variability before 

ATI and a uniform distribution of Glycine (G), Alanine (A) and Threonine (T) after 

rebound.  

At position 282, a preference for Glutamic acid (E) and Lysine (K) was observed 

in all isolates at all time points.  
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Apparently, env sequences from rebound preferred Proline (P) and Arginine (R) 

at position 460, Asparagine (N) at 461 and Threonine (T) at 462.  

 

Selection for T could not be determined at position 278, since much fewer 

sequences were received from after rebound than at D-14 and W23.   

The K at position 279 could drive viral escape, since Lynch et al. hypothesized 

that a mutation at position N279K could explain the increased neutralization 

insensitivity and viral fitness against the CD4-binding site bNAb VRC-0169.  

Several studies have shown that mutation at position 282 influences viral fitness 

against 3BNC117. For example, Scheid et al. detected resistant strains with a 

K282R mutation.21 Although this mutation was present in env sequences 

obtained at both D-14 and W23, it was replaced in env sequences from the 

rebound. It is also possible that we were just not able to retrieve this mutation 

variant from the rebound pool with the env SGA protocol.  

Positions 460-462 are part of the hypervariable region of the viral env. This 

explains the high variability of amino acids in these positions. Mutations in loop 

D (278-282) and the hypervariable region (460-462) decrease the neutralization 

activity of 3BNC117 and the combination of all of the mutations increases the 

chance of evading the binding to the bNAb.  

A few G459D mutants, which is a known mechanism for viral escape7, were 

found in patient 608 at D-14 and W23, while none were found in rebounded 

samples.  

Patient 608 was without ART for a very long time, and therefore the virus had 

time to evolve and adapt to the host immune response, which could have 

resulted in better viral fitness against 3BNC117. Many different viruses with 

different env sequences were detected during ART (Fig. 14), and no significant 

preference for a certain env sequence was observed. However, based on a 

comparison of W23 and after rebound, viruses apparently selected for 

favourable mutations that increased their resistance to 3BNC117.  
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Table 15 – Sequential changes in the CD4 binding site of HIV-1 in patient 608 on ART 

and after ATI - Amino acids that were predominant at each time point and position are 

highlighted in bold.  

Position  D-14 W23 After rebound 

278 S, T S, T  T, S  

279 A, D, E, K, N A, D, H, N N, D, A, K 

280 N, S, T  N, T, D, A  N, S 

281 G, W, A, E, R, T  G, D, W G, A, T 

282 E, K, D, Q, R  K, E, Q, D, R E, K 

460 R, N, T, P N, R, I, P, T  R, P, T, N 

461 D, N, A, V  D, N, T, S, V N, D, V 

462 T, D, N, G N, T, D  T, D, N  
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Figure 18 – Logo plot analysis for patient 608 – 3BNC117 binding site positions

276-282, 365-368, 371, 455-462, 469, and 473 were selected. The numbering 

scheme is according to the HxB2 reference numbers. Env sequences from D-14 (A), 

W23 (B) and after rebound (C) were compared. Amino acids marked in red changed

over time with respect to both number and composition. Pie charts give a better picture 

of the frequencies of changes. The legend shows the colour code for amino acids in 

the pie charts. The numbers in the pie charts indicate the number of sequences used 

for alignment at each time point.  
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6.10.2 Logo plot analysis of HIV-1 env sequences of patient 611    

In patient 611, the clear selection of favourable mutations was observed (Fig. 

18). Changes in env sequences between the different time points are 

summarized in Table 16. 

At position 371, there was no difference in the amino acid composition between 

the time points on ART; 90% of the sequences from D-14 had a Valine (V) at 

this position and 10 % had an Isoleucine (I), and 80% of the sequences from 

W23 had a V and 20% had an I. However, in rebounded viruses, 86% had an I 

and 14% had a V. Compared to that in patient 608, there was less of a change 

in the hypervariable region. env sequences at D-14 and W23 showed the same 

composition of amino acids at positions 460-462; most of the sequences had a 

Lysine (K) at 460 and 461, and an Asparagine (N) at 462.  

 

Table 16 - Sequential changes in the CD4 binding site of HIV-1 in patient 611 on ART 

and after ATI – Amino acids that were predominant at each time point and position are 

highlighted in bold.  

Position  D-14 W23 After rebound 

371 V, I V, I I, V  

460 K, P, E K, P, E  P, K  

461 K, N K, N, T N, K 

462 N, K, E N, K E, N 
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Figure 19 – Logo plot analysis for patient 611 – 3BNC117 binding site positions

276-282, 365-368, 371, 455-462, 469, and 473 were selected. The numbering 

scheme is according to the HxB2 reference numbers. Important 3BNC117 binding 

site positions are marked in red. To track sequential changes between the time 

points, logo plots from D-14 (A), W23 (B) and after rebound (C) were compared. Pie 

charts were generated to show amino acid compositions. The legend shows the 

colour code for amino acids in the pie charts. The numbers in the pie charts indicate

the number of sequences used for alignment at each time point.  
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At position 371, env sequences from after rebound show a clear preference for 

I. Further, viral sequences from rebound showed a preference for Proline (P) at 

position 460, Asparagine (N) at position 461 and Glutamic acid (E) at position 

462, accounting for 86% of the sequences tested. The KKN sequence from 

before ATI was still present in the rebound, but accounted for only 14%. This 

indicates that the PNE motif at position 460-462 probably increases viral fitness, 

because it is located in the V5 loop and therefore destabilizes the structure of 

the loop and binding to 3BNC117.7  

No change from G to D at position 459, which is known to lead to changes in 

the CD4 binding site and viral escape, was observed.7  

The low diversity of viral sequences in patient 611 could be explained by the 

fact that ART was initiated just one year after infection with HIV-1. In this short 

period, the virus may not have had much time to evolve and mutate to evade 

the humoral immune response. After the patient began treatment with anti-viral 

drugs, the reservoir did not further diversify, due to the constant suppression of 

viral replication. Margolis et al. concluded that changes in viral sequences can 

only take place if the virus is able to replicate34, which is only possible if viral 

replication is not inhibited by neutralizing antibodies or ART. Therefore, patient 

611 showed a better response to 3BNC117 than patient 608, resulting in a 

slower rebound (Fig. 10).  

Apparently, the amount of time between infection and the initiation of treatment 

plays a crucial role in the success of bNAb treatment in HIV-1-infected patients. 

This information should contribute, along with pre-screening for sensitivity to 

bNAbs, to the selection of suitable candidates for further clinical studies. 
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6.11 Known ways to escape with mutations at other positions in the env 

region 

Mutations at Q363H, S461D and S274Y 

While Q363H and S274Y are mutations outside the antibody-binding region, 

changes can still reduce the sensitivity to 3BNC117. Caskey et al. detected 

mutations at Q363H, S461D and S274Y that mediated viral escape.7  

In patient 611, just one of the viruses from W23 had a mutation at position 363 

and there was no change at position 274. 

 

Changes in the conserved RDGG region at positions 456 - 459 

Alterations in the highly conserved salt bridge RDGG at positions 456 to 459 are 

a further known mechanism for viral escape, since this region stabilizes the V5 

loop (Fig. 20).70 

None of the viral sequences from patients 608 and 611 showed changes in this 

region.  

 

Hydrogen bond interactions in gp120 

West et al. found important hydrogen bond interactions between CD4 binding-

site antibodies and certain amino acids at certain positions in gp120 (Table 17 

and Fig. 20).70 

Table 17 – Hydrogen bonding of CD4 binding-site antibodies to gp120 

Position in gp120 Amino acid interaction  

280 Asparagine (N) 

456 Arginine (R) 

368 Aspartic Acid (D) 

279 Asparagine (N), Aspartic acid (D) 

459  Glycine (G) 

280  Asparagine (N) 

276 Asparagine (N) 
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None of the HIV-1 env sequences of patient 611 had mutations in these 

conserved regions.  

In patient 608, most of the HIV-1 env sequences from D-14 and W23 had an 

Alanine (A) at position 279. Some of the env sequences from after rebound also 

had an A or Leucine (K) at this position. Some viruses from rebound had a 

Serine (S) at position 280.  

These changes in env sequences of patient 608 were enough to break the H 

bond to loop D and further destabilize the CD4 binding site  

(Fig. 20).71  

 
 

Figure 20 – Schematic illustration of potent VRC01-like antibodies (PVL) – The structures 

in purple (heavy chain) and grey (light chain) represent the structure of PVL, interacting with 

gp120 (black); conserved binding regions are shown in green. The right panel shows the 

interaction with the CD4 binding site of the virus, which is critical for the potency of CD4 

binding-site antibodies like VRC01 and 3BNC117. From West et al.70 
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Loss of N-glycosylation site 

Loss of the N-glycosylation site (N(x) T/S) through mutations at positions 276-

278 is also known to eliminate binding to the CD4 binding-site antibody.69, 72 

Together with a mutation at position 279, such mutations lead to complete 

resistance.69 

In patients 608 and 611, all of the env sequences from all of the different time 

points still had this N-glycosylation site. 

 

6.12 The virus uses structural changes to escape  

In addition to high rates of mutation and variable loops that shield conserved 

regions, the virus has several means of shaping its structure to avoid antibodies. 

In particular, antibody-binding is impaired by the formation of a shield of 

carbohydrates, changes in the steric formation and the production of a glycan 

shield formed by oligomerization that protects conserved regions in the viral 

genome.70,73,74 Another strategy to evade binding to host antibodies is to 

minimize the amount of spike proteins on the virus surface, which hinders the 

binding of multiple IgGs with Fab regions.70, 74  

 

6.13 How to achieve viral control in infected individuals – suggestions for 

future research 

One possible solution to achieve full viral control is treatment with two or more 

highly potent bNAbs, aiming at multiple sites in the viral env region to apply more 

pressure and lower the chance for the virus to find ways to escape.7, 75  

A recently published trial in macaques showed long-lasting immunity of up to six 

months after treatment with a combination with the CD4 binding-site antibody 

3BNC117 and the V3 loop-targeting antibody8 10-1074.76  

For patients like patient 608, treatment with a combination of two or more bNAbs 

may lead to a better outcome in HIV-1 treatment, since resistance has been 

shown to be more likely to develop in the setting of bNAb monotherapy.23 
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The aim is to find the best cocktail of bNAbs for the treatment and prevention of 

HIV-1. We hope that these results will contribute to the development of a passive 

vaccination as immune therapy, to enable the control of viral replication without 

the need for antiretroviral drugs in HIV-1 patients.  
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7. CONCLUSION  

 

 

Four infusions of 3BNC117 delayed rebound in susceptible patient 611 for six 

weeks, whereas viral control was lost after only three weeks in patient 608. The 

weak response of patient 608 to the antibody treatment suggests that sensitivity 

to 3BNC117 plays a crucial role in the treatment outcome and should be clarified 

before starting treatment with this antibody in chronically infected HIV-1 patients. 

The time between HIV-1 infection and the initiation of ART also appears to 

influence the success of antibody-treatment. 

Against expectations, 3BNC117 did not change the genetic landscape of the 

reservoir, since the env sequences at D-14 and W23 were similar.   

A statistical analysis of the sequencing data was not performed, since the 

treatment response of only two patients was investigated for this thesis. 

However, no consistent mutation pattern that leads to viral escape or resistance 

to 3BNC117 was identified, since the number and type of mutations varied 

between the patients. 

This suggests that, in susceptible patient 611, rebound occurred due to a low 

3BNC117 concentration in the blood. In contrast, in patient 608, resistant viruses 

were already present in the reservoir, and therefore a rapid escape could evolve.  
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9. APPENDIX  

 

Table 18 Buffers and solutions used  

Name Ingredients/Company  

5x Buffer First Strand  

 

#18080-044, Invitrogen Life Technologies 

(Waltham, MA, USA) 

250 mM Tris-HCl, 375 mM KCl, 15 mM 

MgCl2 

DTT (dithiothreitol)  0.1 M, Invitrogen Life Technologies 

(Waltham, MA, USA) 

dNTP Mix  10µM dATP, 10µM dTTP, 10µM dCTP, 

10µM dGTP  

TE-buffer 10mM Tris-HCl, 1mM EDTA 

MACS buffer  PBS, pH 7.2, 0.5% bovine serum albumin 
(BSA), and 2 mM EDTA  
(diluting MACSR BSA Stock Solution   
#130091376 1:20 with autoMACSR Rinsing 
Solution # 130091222) 
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Table 19 Reagents commonly used in the experiments  

Name  Catalogue #, Company  

Phytohaemagglutinin (PHA) #11082132001, Sigma-Aldrich (St. Louis, MO, 

USA) 

Recombinant human Interleukin 2 (IL-2) # 10799068001, Sigma-Aldrich (St. Louis, MO, 

USA) 

SuperScript III reverse transcriptase   #18080-044, Invitrogen Life Technologies 

(Waltham, MA, USA): 200 U/µl 

RNAseOUT #10777-019, Invitrogen Life Technologies 

(Waltham, MA, USA) 

RNAseH #18021-014, Invitrogen Life Technologies 

(Waltham, MA, USA) 

High Fidelity Platinum Taq #11304011, Invitrogen Life Technologies 

(Waltham, MA, USA) 

0.025 U/μl 

Mg2SO4  supplied by Invitrogen Life Technologies 

(Waltham, MA, USA) 

(#11304011) 

50mM 

10x Buffer (10x High Fidelity Buffer) supplied by Invitrogen Life Technologies 

(Waltham, MA, USA) (#11304011) 

600 mM Tris-SO4, 180 mM (NH4)2SO4 

AMPure XP beads #A63880, Beckman Coulter (Brea, CA, USA) 

 

FuGENE 6 #11815091001, Roche (Branchburg, NY, USA) 

DMEM CaCl2 265 mg/L, Ferric Nitrate 0.1 mg/L, KCl 

400 mg/L, MgSO4 200 mg/L, NaCl 6400 mg/L, 

NaHCO3 3700 mg/L, modified with glucose and 

phenol red 

OptiMEM  

 

# 31985062, Gibco (Thermo Fisher, Grand 

Island, NY, USA) 

Modified media with L-glutamine and Phenol-red 

(confidential formula) 

 

 



77 

 

Table 20 Commonly used reagents kits  

Name Company 

Human CD4+ T Cell Isolation Kit 

 

#130096533, MACS Miltenyi Biotec 

(Bergisch Gladbach, DE) 

Containing: T Cell Biotin-Antibody Cocktail, 

Human Anti-HLA-DR MicroBeads 

CD8-Depleting cocktail  #130045201, MACS Miltenyi Biotec 

(Bergisch Gladbach, DE) 

Lenti-X p24 Rapid Titer Kit  #632200, Clontech (Mountain View, CA, 

USA) 

MinElute Virus Spin kit   #52904, Qiagen (Valencia, CA, USA) 

containing: 

Protease (7.5 U), AVE Buffer (elution buffer), 

Carrier RNA, , Buffer AW1 (wash buffer 1), 

Buffer AW2 (wash buffer 2), AL Buffer (lysis 

buffer),  

RNAse-free DNAse Set  # 79254, Qiagen (Valencia, CA, USA) 

Containing: RDD Buffer, DNase I, Nuclease-

free H2O 

Nextera DNA Sample Preparation Kit  #FC121103, Illumina (San Diego, CA, USA) 

Containing: TD-Buffer (Tagment DNA Buffer) 
and TD-Enzyme (Tagment DNA Enzyme) 
 

Nextera Index Kit  #FC1211012, Illumina (San Diego, CA, USA) 

KAPA HiFi HotStart ReadyMix (Library 

Amplification Kit) 

#KK2612, KAPA Biosystems (Wilmington, 

MA, USA) 

MiSeq Reagent Kit v2  #MS1022002, Illumina (San Diego, CA, USA) 

NucleoSpin Gel and PCR Clean-up  #740609, Clontech (Mountain View, CA, 

USA) 

QIAprep Miniprep Kit  #27104, Qiagen (Valencia, CA, USA) 

pcDNA 3.1 Directional TOPO™ 

Expression Kit 

#K4900-40, Invitrogen Life Technologies 

(Waltham, MA, USA) 

Containing: TOPO vector (pcDNA™3.1D/V5-

His-TOPO), salt solution, T7 primer, BGH 

primer, SOC Medium, Top10 cells, 

expression Plasmid  
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Table 21 Commonly used media  

Name Ingredients, Company   

RPMI from Gibco  

 

 

Ingredients: Ca(NO3)2 100 mg/L, MgSO4 100 

mg/L, KCl 400 mg/L, NaHCO3 2000 mg/L, NaCl 

6000 mg/L, Na2HPO4 800 mg/, Glutathione 1 

mg/L, Glucose 2000 mg/L, Phenol Red 5 mg/L 

Added ingredients: 10% fetal bovine serum 

(Thermo Scientific; Grand Island, NY, USA), 100 

U/ml human IL-2 (Peprotech; Rocky Hill, NJ, 

USA), 1% penicillin-streptomycin (Gibco, Thermo 

Scientific, Grand Island, NY, USA), 1 µg/ml 

phytohaemagglutinin (PHA; Invitrogen Life 

Technologies; Waltham, MA, USA)  

 

SOC Media  

 

#15544-034, Invitrogen (Waltham, MA, USA) 

2% Tryptone, 0,5% Yeast Extract, 10mM NaCl, 

2.5 mM KCl, 10 mM MgCl2, 10 mM MgSO4, 20 

mM Glucose 

LB agar 5 g/l yeast extract, 10 g/l peptone, 10 g/l NaCl, 15 

g/l agar, 100µg/ml ampicillin  

LB medium  5 g/l yeast extract, 10 g/l peptone, 10 g/l NaCl, 

100µg/ml ampicillin 
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Table 22 Bacteria used for pseudovirus production 

Name Catalogue #, Company  

STBL3 Bacteria  #C7373-03, Invitrogen Life Technologies 

(Waltham, MA, USA) 
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Table 23 Equipment used in the experiments  

Experiment  

Q2VOA  CO2 incubator  

Centrifuges  

Light microscope  

Cell counter  

24-well sterile tissue culture plates with a 

flat bottom 

LS columns 

MACS Separator magnets and stand  

Cs-source irradiator (MACS Miltenyi Biotec; 

Bergisch Gladbach, DE) 

 

RNA Extraction Qiacube Robot (Qiagen; Valencia, CA, 

USA) 

Microcentrifuge tubes 1.5 ml 
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Table 24 - Primers used in the experiments  

Name Sequence  

envB5out (20µM)  5`-TAGAGCCCTGGAAGCATCCAGGAAG-3` 

envB3out (20µM) 5`-TTGCTACTTGTGATTGCTCCATGT-3` 

envB5in (20µM) 5`- (CACC)TTAGGCATCTCCTATGGCAGGAAGAAG 

envB3in (20µM) 5’-GTCTCGAGATACTGCTCCCACCC-3` 

Primer 1 (10µM) 5`-AATGATACGGCGACCACCGA-3` 

Primer 2 (10µM) 5`-CAAGCAGAAGACGGCATACGA-3` 

Primer T7P (10 µM) 5`-TAATACGACTCACTATAGGG-3` 

Primer BGH (10 µM) 5`-TAGAAGGCACAGTCGAGGG-3` 
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