CHAPTER V
RESULTS
1. Demographic data

The demographic characteristics were s

i ? in Table 2. For the demographic of HIV-

infected subjects with HLA-A11 patj\ ‘ 18 patients were asymptomatic and

7 men, with a mean age of 33.3

years (ranging from 27 to 45 vy was heterosexuals (15/18 or 83%)
and only 17% (2/18) of them w, i f enrolment, these individuals
have been diagnosed HIV-po i ean of 5 years. There were 9
patients whose HIV subtype w e subtype A/E (88%), whereas
only two patients were sub re ranged from 325 to 730
cells/ mm~ with median of 4 iral load was 10875 copies/ml
(ranging from 3118 to 67,000 negative HIV-infected patients
age of the patients ranged from 18'to 47 33.3 years. The time which these
individual had been diagnosed HIV: [from 2 to 10 years with a mean of 4
years. HIV-subtype of th?f patxent;;was no( D4+ T lymphocytes ranged

3673 copies/ml (ranging froﬁ n, HIV- seronegative HLA-

All-positive patients, these pa‘;lents included 3 women and 2 men with a mean age of 39.4
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Overall donors HIV', HLAA11" HIV', HLA A11° HIV', HLA A11*
Age (Mean * SD) 33.3+4.72 31.67 + 14.57 39.447.02
Male/female 711 23 32
CD4 463 (325-730) 563 (404-711) N/A
[median (range)]
Viral load NA

[median (range)]

10875 (3118-67000) 3673 (155-9410)

Table 2 Demographic data 77 -----
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2. HLA-All-restricted specific CD8+ T cell responses

2.1 HIV-specific CD8+ T cell responses in HIV seronegative HLA-A1ll-positive
individuals and HLA-A11 negative HIV-infected patients

The negative control group was stratified into two groups: five HLA-A11 positive HIV-

ELISpot assay 7 ; |
We enrolled 5 HIV-sero i TEA-A1 \\ s and confirmed their HIV

tide-based ELISpot assays (Table 5).

statl> by serology. HIV-speci »‘”\\;‘-\\.\ ive HLA-A11 positive donors
(AB, NS, PP, AP, and KA) coulg detected by pe

)
J
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CD8+ T cell responses of HIV-
seronegative HLA-A11 positive
Peptides donors (SFU/10° PBMC)
AB | NS | PP | AP | KA
1 IATL -2 -4 8 -6 0
2 GIPH 6 -4 - -10 | 16
3 SVPL | -6 | -10 6 -12 | 2
4 AIFQ | 414 44 8 -4
5 QI 3 0 | 4
6 Y 1 ‘ -6 -8
7 : - -2
8 ik 6
9 : 24
10 RRERE 19
11 ) 2
12 I -1 - -2
13 s 12
14 e , 2
15 -10. |- - 6| 4
16 Zt -8 | -12 | 20
17 |G = 410 | -10
RN
Table 5 Non respo -seronegative HLA-A11
positive donors against rs of spot forming units
(SFU) were calculated by subtracting “control v@e from the established SFU

count.
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2.1.2 HIV-specific CD8+ T cell responses in HLA-A11 negative HIV-infected
patients analysed by ELISpot assay

We enrolled 5 HLA-A11 negative HIV-infected patients. HIV-specific CD8+ T cell
responses of HLA-A11 negative HIV-infected patients (PM, SY, VP, NK and PK donors)
were shown in Table 6. Whilst the patients PM, NK, and PK did not recognise any HLA-

All-restricted peptide, the patients SY a ] tedly, recognised some peptides. The
peptides which the patients S }eciﬁc T cell responses were
ITVGPGQVFY and QVPLRP@des,!esp&
(I HIV-
opesiti ative
e o) )

Peptidés TS | PK

1 0 (- 16 | 6

2 -1844 2 4 | 4

3 SV e 2 |6

4 A RrEE 30 2 | -6

5 QUB* Jiag-|- 4 | 2

6 QIYA _t=sdiis 24 | -2

7 | ~QQ 16 |40 641 0

8 |FonE 4

9 AVFL | - -4

10 | TOMN 12 | 4

11 -20 | 44

2 01 4r18<] 922 0] <104 2

J 1 L -bll.
¥ RVIK | 20| 18| 20| 8 | 2 o,
Q ) SLCL &114-92 § P8 7127 ' ‘q E]

1 QvpL ¢[ble g’ 1720 0

i 17 GAFD 16 9 14 | -10 | -8
Table 6 HIV-specific CD8+ T cell responses of HLA-A11 negative HIV-infected

patients against HLA-A11-restricted peptides. The numbers of SFU were calculated by

subtracting the negative control value from the established SFU count.
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2.2 HIV-specific CD8+ T cell responses in the HLA-A1l positive HIV-infected
patients analysed by ELISpot assay

2.2.1 Frequencies of HLA-All-restricted HIV-specific CD8+ T cell epitopes
recognised by HIV-infected patients

Seventeen HLA-A11 restricted ific CD8+ T cell epitopes which were

reported in the Los Alamos Imm iv-web.lanl.gov) and other studies

were selected to use in this sﬂwa te)det@frequency of these HLA-A11-

restricted CTL epitopes reco
from eighteen HIV-1-infect

cross-sectional study, PBMC
eened with ELISpot assay
upon stimulation with these

HLA-A11-positive p

The broadest T cell response W trated ient UP who recognised eight of
seventeen peptides comprising tein ( TLWE R), Pol protein (SVPLDESFRK,
AIFQSSMTK, QIIEQLIKK, QHAGIKV}«,, nd. A Env  protein

magnitude of HIV-spemﬁ . Il res ndy.“The response was directed

against QIIEQLIKK peptide VIC). The results' showed five most frequently

recognised peptides which alSo“had hlg level ‘of CTL re ses. These peptides were
oy, CAFABELN, Kb AVbrt i, avoEPr
Indeed, the Nef epltope (QVPLRPMTYK)avas the most commonly-recognised epitope in this

sy R RIRFRARIFN LR Y
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2.2.2 HIV-specific CD8+ T cell responses against each HIV-1 protein

We analysed the T cell recognition of HLA-All-positive HIV-infected patients
against HLA-All-restricted HIV-specific CD8+ T cell responses epitopes in this
crossectional study (Table 7). HIV-1-specific CD8+ T cell responses for each protein were
demonstrated. The result showed that Nef was most frequently targeted protein (100%)
followed by Pol (88%), Env (33%), and G

(Figure 4).
Only 4 of 18 HIV-infected p. i’an ai g epitope (IATLWCVHQR) with a
magnitude of response ranged &‘3

to 87 S PBMC with a median of 713
SFU/10° PBMC. There were 16 gui-of e

nts recognising Pol epitopes. 6

out of 8 Pol peptides were recogfised'by HiVsinfected pa . The number of Pol peptides
recognised per subject ranged {6 &1 five edian of two peptides. Three
Pol peptides, (AIFQSSMTK, Q K a (f' QEPFKNLK) were most frequently
targeted by HLA-A11-pos itopes, th%re were 6 out of 18 HIV-
infected patients recognising 8O eptides were recognised by
HLA-A11 positive HIV-infegted!" patient, “These epitopes were VIVYYGVPVWR,
ITVGPGQVFY, and SLCLFS - PSR most immunodominant protein,
whereby all patients had responses_rzlga,tf@ftm , P . The number of patients recognising
QVPLRPMTYK and GA‘E)LSFFLIZ were ‘fl6 (94%)~__‘1? 82%), respectively. The
number of peptides recogn f?- rom one to two peptides with a median of

two peptides. U —
When we analysed on Jh& median of ma%i}udes of CD8+ T cell responses to each

protein, we found thﬂhﬁ%}ﬂl%ﬁ%%%ﬁ{ﬂ#ﬁceﬂ responses were to

Nef, follow by Gag, Ppl, and Env. However there is only 51gmﬁcant dlﬁ'erence of the median
of response the test. For Nef-
specific eplﬁe ﬁﬂﬂmgm)zmm‘g ﬂ) 152 to 2568
SFU/10° PBMC with a median of 828 SFU/10° PBMC. For Gag protein that had only one
peptide, the magnitude of response ranged from 266 to 870 SFU/10° PBMC with a median of
713 SFU/10° PBMC. In addition, a range of magnitude of Pol-specific CD8+ T cell response
was 146-5497 SFU/10° PBMC with a median of 585 SFU/10° PBMC. Moreover, the

magnitude of Env-specific CD8+ T cell response ranged 116 to 448 SFU/10° PBMC with a
median of 307 SFU/10°PBMC (Figure 5-6).
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The frequencies of HIV protein targeted by T cells
100 . SR B
i) 88 i
Q
o 80
s
S 2 60
8 2
S 8 40
()
g
e 20 - s
i ES |
| 0. !
| |
|
i Nef
|
Figure 4 The frequencies of ofein veter ‘cells. Results are presented as
frequencies of Gag (dark ba er ars), Env (hatched bars) and Nef (dot bars)
targeted by T cells. —
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CD8+ T cell responses against each protein from
HLA-A11 positive HIV-infected patients il
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Figure 5 HIV-specific A11 positive HIV-infected

patients against each protei
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Median of CD8+ T cell responses against each protein
1000
Y ¢ O 800
8 & o
O 2 .- 600
5 7 ‘e
L =~ — -~
| = 4 0 i
g3 g%
= 200 A
0 =
Nef
| |
Figure 6 The median , ponses of HLA-A11 positive
HIV-infected patients against €ach protei S are presented as median of CD8+ T

cell responses against Gag (dar ?‘\ v (hatched bars) and Nef (dot

bars).
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2.2.3 Longitudinal analysis of HIV-1-specific CD8+ T cell responses against HLA-
All-restricted HIV-specific CD8+ T cell epitopes

The HIV-specific T cell responses in these patients were longitudinally analysed by
ELISpot assays to establish dynamic relationship between HIV viral 1oads and the T cell
responses. The CD8+ T cell responses against peptides in each individual from each group,
comprising HIV-seronegative HLA-AII individuals, HIV-seropositive HLA-A11-
negative patients and HLA- All-poK % patients from 1%, 2" and 3™ time

points, were shown in figure 7. m 31gn1ﬁ nce between the control groups

’ 1nd 'yld‘ als - roposmve HLA-A11-negative
patients) and HLA-A11-positiye ' : by Mann-Whitney test.

The numbers of pepudes segogr “individuals in each time point were
difference (Figure 8). Only ongfpatient ( ) ’ nsistent pattern of T cell recognition
J}K(XIFQSSMTK QIYAGIKVK,

and QVPLRPMTYK peptid O . | ”'_othe hand, " X-IIV—spemﬁc T cell responses

For example, patient CT had Q 15 cell: ses only in the first time point
(Figure 10) and patient PS had QVPL-ss'pefﬂic :'1 Hons ‘only in third time point.

S g

‘ 1nt These peptides were
GIPHPAGLKK, FVNTPPLY}, TQMN LW@SLK peptides (Table 8-10).
A total of 16 out of 17 peptides were recognised l&,one or more HLA-A11-positive patients

in this longitudinal ﬁ%@%%ﬁe%ﬁ&ﬁ%a ranged from one to

eight. The broadest HIV-specific T cell responses in this longltudmal study were identified in

e W BSIRT  T y

In addition, the Nef-specific T cell responses in most of patients were persistent T cell
recognition to the same peptides throughout longitudinal study. For Gag-specific responses,
the results showed the persistent T cell recognition but lower than Nef, whilst Pol-and Env-

specific responses had fluctuation of responses (Figure 11).
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HIV-specific CD8+ T cell responses from all groups
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The Numbers of peptides recognised per individual in each time point
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HIV-specific CD8+ T cell responses in the patient PN ]
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HIV-specific CD8+ T cell responses in the patient CT
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CD8+ T cell responses against peptides in longitudinal study
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Figure 11 HIV-specific CD atrent in longitudinal analysis.
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2.2.4 HIV-specific T cells responses following CD8+ T cells depletion

In our study, ELISpot assay was used to enumerate HIV-specific CD8+ T cells
secreting IFN-y upon stimulation. However, IFN-y could also be secreted from CD4+ T cells
and NK cells. We therefore depleted CD8+ T cells by Immunomagnitic beads (Dynal®beads)
to prove that these responses were mediated solely or mainly by CD8+ T cells. We selected

three HLA-All-restricted HIV-infecte ho had T cell responses against HIV-
specific peptides by ELISpot assays. Tk were the patients MW, KL and JL.
After CD8+ T cell depletion, v ide o f responses w as significantly
reduced. Indeed, the fact t ] f spo abrogated by CD8+ depletion

confirms these responses 4 11).
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Magnitude of HIV-specific T cell
responses (SFU/10° PBMC)
Patients Peptides Pre depletion Post depletion % reduction
MW | QVPLRPMTYK 114 12 89.47
GAFDLSFFLK 396 46 88.38
JL AIFQSSMTK 136 0 100
QIYAGIKVK , 0 100
QVPLRPMTYK | / 0 100
GAFDLSFFLK 2 : 0 100
KL | IATLWCVH ' —— 100
QVPLRPM N 100
GAFDLSFFIK | & £ /30 . . 100
Table 11 HLA-A11-restri : :'—' 7 es after depletion of CD8+ T
cells by immunomagnetic be £t 92 "mi d KL. The numbers of SFU were
calculated by subtracting the negative conttel v 0 stablished SFU count. Results
of spots higher than 20 spots/wel 2 me 1 n negative controls were considered
positive. =0 7

o
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2.3 Correlation between CD8+ T cell responses and viral load

Nef plays an important role in enhancement of pathogenicity of HIV infection by
interfering with immunity against infected cells. Investigation into Nef-specific immune
responses may therefore provide useful information for HIV/AIDS pathogenesis. In this
study, HIV-specific CD8+ T cell responses against QVPLRPMTYK and GAFDLSFFLK
peptides within Nef protein seemed to be st immunodominant epitopes. We wanted to
see whether these two 1mmunodomgk nl!j #t mediate protective HIV-specific
immunity. We then tried to esta Corr Jatl CD8+ T cell responses against
say and M RNA. We determined the

mgit dm\al smm Pearson Correlation. For a

e etween C{+ T cell responses and viral

Nef peptides detected by E

correlation both in cross-secti
cross-sectional study, we an
load from all patients in three
in each patient for longitudinal -

In cross-sectional s mon T ere was no correlation between total
HIV-or Nef-specific CD8+ T viral load (Figure 12-13). In
veen v ad and Nef-specific CD8+ T cell
responses in each epitope (QVPL_,O{, _G?FD CD8+ T cell responses), the results -

showed that there were no ?_:prrelatlons (data not shown)_‘ {

Moreover, we the ) ationship be DR

addition, when we analysed the

T cell response and viral

=i —
load in each patient in lon;gjudinal's ] 0 sho'ﬂthe correlation between the
QVPL-specific CD8+ T cell Jesponses and plagryi HIV-1 RNA (9/13) in most patients

including PN, SR, ﬁﬂl%ﬂaﬂw\ﬂ%@ l\w ﬂ@eﬂ‘ﬁ) Whereas a positive

correlation was foundiin 2 out of 13 patlents (UP and OK) (Figure 16), 4 out of 13 patlents

e RTINSO PHTTT Try

We also failed to demonstrate the correlation between GAFD-specific CD8+ T cell
responses and plasma HIV RNA in most patients (8/12) including RM, SR, CT, PS, KL, JN,
WY, and SL (Figure 18). On the contrary, 4 of 12 patients had positive correlation (PC, NI
(correlation is significant at the 0.01 level), PY, and MW) (Figure 19) and 2 out of 12
patients (JL and KP) had inverse correlation between CD8+ T cell response and viral load
(Figure 20).
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The correlation between total HIV-specific CD8+ T cell responses

and plasma viral load
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Figure 12 The correlation betwe &' C cell responses and viral

load in cross-sectional study.

—d

ﬂ‘UEJ’JVIHV]?WEJ']ﬂ‘ﬁ
Qﬁﬁﬁ\iﬂ‘imﬂﬁﬂﬂmﬂﬂ



57

The correlation between Nef-specific CD8+ T cell responses and

plasma viral load in cross-sectional study
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Correlation between CD8+ T cell responses A Correlation between CD8+ T cell responses B
© and HIV-1 RNA of PN and HIV-1 RNA of SR
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Correlation between CD8+ T cell responses

A Correlation between CD8+ Tcell responses B
and HIV-1 RNA of UP and HIV-1 RNA of OK .
i 500 - 8000
- 200000 : ;
2000 T | | - | © 7000 |
—~ } ; (|
= o= 1500 L 150000 — =.2 16000( =
‘[,‘;’55 T i SE 88D 5oooz§
> 22 1000 ¢ ~10000 8 | %83 + 4000 8
® a0 >a  © g T 200 | = e
383 ! £g 885" T30z g
© 8 s00 ! Ss0000 = 9 T © 2000
1000
. 0 i « -0 0 = 0
—=—CD&+ Toell 2 3 CDB+ Tcell ' 1 2 3
responses r@8ponses
—a—HIVRNA Time point

Figure 16 The positive ca
HIV RNA of the patients E
(SFU/10° PBMC) by ELISpot'

CD8+ T cell responses and
is CD8+ T cell response

opies/ml).

]

AUEINENINYINS
ARIANTAUNNIING 1A Y



S - h —

Correlation between CD8+ T cell responses and x ! Correlation between CD8+ T cell responses
HIV=T RNA of PG Al and HIV-1 RNA of CT B
g 600 - - 120000 | 700 - 200000 __
£ o~ 4 i @ i =
88 500 - 100000 £ | 2 _ 600 E
| gE 400 - - so000 B = g= 50 f [ %
= 8 ' =8 :
< 300 - . e0000 S . S & 400 100000 S |
E 00 40000 = 85 3
7 ! | o 200 - . 50000 &
8 100 - ~20000 2 32 L0 2
| ° i 0 =1 9 t T
s e i rtys ) O i S 0
' fegg;:;d : [ 1st 2st 3st i 2 3
. —#*—HNVRNA | Time point Time point
o Sl T N S R p— ] - - —————— e e = ey
Correlation between CD8+ Tcell responses = een CD8+ T cell responses ‘
and HIV-1 RNA of KP IV-1 RNA of JL D |
3500 - + 100000
3000 - '
= 2 2500 7 S0
3 0= 1 i < ?
4 o
i as | -
1‘§8515°°?‘L +4oooo:2:§!
o " & 1000 | =
. 500 . 12000
f 0. 0
—&-——CD8+ T cell |
responses i
| —&—HVRNA | i
Figure 17 pecific CD8+ T cell responses and
HIV RNA of the patients PQ (A B), C). and JL(D)Afsquare line is CD8+ T cell

-
it

response (SFU/10° PBMC)b4 BV RNA (copies/ml).

y y
AULINENINYINS
AN TUNNINGAY



Correlation between CD8+ T cell responses
and HIV-1 RNA of RM
. 35000

i + 25000
‘ . 20000
- 15000
. 10000
+ 5000
[+ S, Lo

CD8+ T cell response
(SFU/10°PBMC)
i
HIV RNA (copies/ml)

;
|
|

|CD8+ T cell response
(SFU/10%PBMC)

o

3

a
3
e
x
™

CD8+ T cell
response
(SFU/10°PBMC)

o

=, 2
‘sgg
; ik
385
°"%

Correlation between CD8+ T cell responses

| —=—CD8+ Tcel 4 2 3
r

acou Tcell responses

88888888

and HIV-1 RNA of SR

+ 30000
|- 25000
l 20000
| z
1 15000 &
! 2
¢ 10000 T
. 5000
Lo

- 25000

}20000

881

o

4 D8+ Tcell responses
IV-1 RNA of JN

i reponses |
| —+—HVRNA |

| Correlation between CD8+ Tcell res;‘nn G
| and HIV-1

CD8+ T cell
response
(SFU/10PBMC)

Figure 18

+ 10000
_ g 1500 ‘ i
= ; =
!zg Q) SE
21 5
L 2000 |
4 I 0
—-.—CDGtTch 1 2 3
+HNRNA Time point

n between CD8+ T cell responses

HIV RNA
(copies/ml)

(copies/ml)

D

NA

62

The no correlations between GAFD-specific CD8+ T cell responses and HIV

RNA of the patients RM (A), SR (B), CT (C), PS (D), KL (E), JN (F), WY (G), and SL (H).
A square line is CD8+ T cell response (SFU/10° PBMC) by ELISpot assay. A triangle line is

HIV RNA (copies/ml).
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2.4 Cytotoxicity of immunodominant epitopes

The ELISpot assay measures the ability of T cells to produce IFN-y but not the
ability to kill target cells. Five of seventeen peptides which showed strong CD8+ T cell
responses in this study were selected to determine cytotoxicity of CTL against cognate
peptides (QVPLRPMTYK, GAFDLSFFLK, AIFQSSMTK, QIYAGIKVK, and
QIYQEPFKNLK). The cytotoxicity function of CTL lines against the target cells were
tested at an effector: target (E: T) ratio of 50: 1, 25: 1, and 12.5: 1. The patients who had
high response to these peptides l@i} re subjected to this analysis. CTL
lines that were stimulated by pep mprl51 d AIFQ-specific CTL lines of
PN, GAFD-specific CTL line o mne of PS, and QVPL-specific
CTL line of AT. '

Patient PN  QIYA-
AIFQ-pulsed autologous BL
cells (Figure 21-22). Thes€ .
detected by ELISpot assay. s :

Patient WY This patie ! d vecognis SFFLK peptide detected by
A , was tested with GAFD-pulsed
HLA-A11-matched BLCL, the CTL'EEE sh‘ wed hlgh level of specific CTL killing

..--‘_,.H__-_, L

activity (Figure 23) thcrh),was consistent w1th hngM'g 11 responses observed by
ELISpot assay. j

Patient PS QI'YE spem 1C ested »@h QIYQ-pulsed HLA-A11-
matched BLCL. This CTL ling,recognised target cell and showed CTL specific killing

activity (Figure Zﬂ\%lg}vfg %%}3/}@ Pt Ejﬂ ﬁ@esponses by ELISpot

analysis.

) QYIS BT P B o e

QVPL-specific CTL line. This CTL line showed CTL activity against target cells which

were tested with QIYA-and
d CTL activity against their target

the results of T cell response

was c onsistent with positive T cell responses by E LISpot analysis. This CTL line had
CTL activity as high as at E: T ratio of 50: 1 (Figure 25).

All 5 patients showed CTL activity against autologous-transformed BLCL or
HLA-A11-matched targeted cell-lines pulsed peptides investigated by cytotoxicity assay.
These could be concluded that cytotoxicity activity of these CTL lines were consistent

with T cell responses detected by ELISpot assay.
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% specific Iyszs of PN CTL line
against QIYAGIKWK-pulsed
autologous BLCL
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» % specific lysis of PN CTL line
against AIFQSSMTK-pulsed
autologous BLCL

HLA type
'N: HLA-A]i’, A33 B44, B52

50:1 2511 12.5:1 !
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Figure22  The AIFQ- speci responses®of patient PN determined by
cytotoxicity assay. The CTL 4884y sh re pekil -m 1 0n day 10-14 in culture, by co-
culturing the CTL with autologgus B MTK peptide at an effector:
target (E: T) ratio 50: 1, H ‘\\\ﬂ\ ific lysis was calculated by
subtracting from the negative conts “ - positive of % specific lysis
was more than 10% abovestha 1€ s ntaneous release less than

30%.
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\\n at HLA-A11l pulsed with
0 50:,1, 25: 1, and 12.5: 1. The

specific lysis was calculated ative control. Results were

N
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% specific lysis of PS CTL line
: against QIYQEPFKNLK-pulsed HLA-
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% specific lysis of AT CTL line
against QVPLRPMTYK-pulsed
autologous BLCL
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1 QVPLRPMTYK peptide at an
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3. Cloning and sequencing
In this study, Nef seemed to be most immunodominant epitopes recognised by HLA-
All positive HIV-infected patients. However, some patients had fluctuation or absence of

responses against these immunodominant epitopes. We hypothesised that the unusual

responses observed in this study was due to escape mutation in the patients. In order to prove

sequencing.
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3.1 Primer design for nef amplification

To amplify nef we used nested PCR method to enhance both sensitivity and
specificity of the PCR. The most common of subtype of HIV in HIV-1-infected Thai patients
is subtype A/E. Therefore, the consensus sequence of subtype A/E of HIV-1 (CM240:
U54771) was selected for primers design. Our primers were designed using Oligos 9.1 by
Ruslan Kalendar institute of Helsinki, Finla

The information of primers was used f
Primer combinations: Inner prim
Inner forward primer: 3 AGAL TCA( iIGGCTTAG 3'
Position: 8328 Tm =

Inner reverse primer:

Primer combinations: Outer p
Outer forward primer:
Position: 8120 Tm = 53.45
Outer reverse primer:  5' GGQWC ACT
Position: 9045 Tm = 5345  Length: 2

located at env, whilst if TR (Figure 26). The
primers  were ﬁ ﬁ ﬁ‘ﬁﬁﬁ mﬁﬁﬂ %L our primers at
http://www.ncbi.nlm. ny gov/BLAST usingdNucleotide-nucleotide BLASTE (blastn). In doing
s we were e 4§ haperdif b i o . o ke ampiiying
unwanted human gene products. The result demonstrated that our primer sets were able to
amplify human gene, but this amplified product was far larger (>2000bp) than amplified nef
product. On the other hand, our primers were analysed to identify their false priming sites
(non-specific binding site) in HIV-1 genome. The result showed that our primer sets were

able to amplify HIV-1 gene but the false amplified HIV-1 products were far larger (>2000)
than the amplified nef product (Table 12).
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— —p - -+
Outer Inner Inner Quter
forward forward reverse reverse

o omm gl seeedee ole ome

8120 8145 8328 8352 8371 8985 9011 9030 9045 9066

J

e 4

L %
’/ LTR
Figure26  The pOSiti' \\ ers in HIV-1 subtype A/E reference
strain (U54771). The arro res ’/i )OS .:::\\i"::\\

o
N

orward, inner forward, inner

reverse, and outer reverse paimersfusgd £o' amplify nef ii \“-‘ '
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The specific binding site Non-specific binding site
Primers of primers of primers
Outer forward 8120 289, 703
Outer reverse 9043 No regions found
Inner forward 8328 5253, 5527
Inner reverse 9 2755
Table 12 The representativ ific b fprimers. HIV-1 subtype A/E

reference strain (U54771) was lected -

redicting of the non-specific

binding site of the prirhers.

AULINENINYINS
AN TUNNINGAY



75

3.2 Sensitivity of PCR assay

To determine sensitivity of PCR assay, nef from the patient PN was diluted in 10-fold
dilutions and amplified. The result showed that PCR assay could detect nef at equal to 10 ng
of DNA (Figure 27).

1500
1000
<+ 703bp
500

Figure 27 Sensitivity of PCR assay. nef was amplified from proviral DNA of patient PN.
Lane 1: 100bp molecular marker, lane 2: 290ng, lane 3: 100ng, lane 4: 10ng, lane 5: Ing, lane
6: 100pg, lang,7:90pg,| lane 34 negdtivedontrol (distilled water):Thelamplified nef product
was 703bp.
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3.3 Amplification of nef

In our study, HIV-specific CD8+ T cell responses against QVPLRPMTYK and
GAFDLSFFLK peptides within Nef seemed to be two most immunodominant epitopes.
However, some of patients who had no QVPL-and GAFD specific responses or had
fluctuation of T cell response against immunodominant epitopes. The absence of these two

dominant responses might be resulted utation. We therefore analysed the nef

sequence from our donors (n=6) wh )either epitope (Table 13).
1. GAFD-non respondersr — ——"
There were 4 pati and AT whe had no GAFD-specific T cell

responses.
2. QVPL-non respon 7
There was only on ignt(\i - ) QVPL-specific T cell response.
3. The patient had fluctuation of sc _ |
There was one pa 41
QVPLRPMTYK. PS did no
points, but he had the T

fuation o ell response against
Les) ecific T eell response at 1% and 2™ time
ne point (Figure 28). Therefore, nef

from 2™ and 3™ time points wag am lenced and compared.

nef of the patients PN, PY, UP ~and PS at 2" and 3 fime point were successfully
amplified (Figure 29 and 3 c‘ other hand, could not be

amplified (Figure 30).
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Patients Peptide
QVPLRPMTYK | GAFDLSFFLK
PN 466 NR
UP 1740 NR
OK 348 NR
AT 774 NR
WY NR 1570
PS 1798

Table 13 The selected patient
patients PN, OK, UP, and AT e«
PS could not recognise QVPLRP}

‘ JAFDESFFLK peptide, whilst WY and
N }";_@\ T cell responses.
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QVPL-specific CD8+ T cell responses of the patient PS as determined by

ELISpot assay '
&) 250 3rd Time-point l
= 200 !
& z
o 150
o
3 100 =
! Z 50
7}

0 e e e -—.

B cps+ T cell responseg

Figure 28 HIV-specific
peptide as determined by E
SFU of HIV-specific CD8+ T ce

> against QVPLRPMTYK
alysis. R esulis are presented as

cut off in each time point.
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bp
1500
1000

700
500

703bp

' =
Figure 29 The representative amplified prod t ‘nef from the patients PN, PY, UP, and

WY. Lane 1: 100bp molecular market; {ane 2: PN, l'ane*3 N lane 4: UP, lane 5: WY, lane 6:

PBMC of healthy 1nd1v1du~a];;{ncgat&uom:01),Janc_Ld;snued_w,ater (negative control) The
amplified nef product was 7({3bp
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bp
1500
1000
700
500

N
q.‘_‘

-
e &
-

Figure 30 The representative ampliﬁed prodﬁ?fo‘ﬂnef from the patients PS at 2™ and 3
time point, OK, and AT. Laﬁe 1: 100bp molecular marker, laneifBS at 1*' time point, lane 3:

PS at 2™ time point, lane'4/OK lane 5: AT, lane 6: PBMC of"l‘rélalthy individual (negative
control), lane 7: distilled water (negative control). The amplifiednef product was 703bp.
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There were two patients (OK and AT) the nef of which could not be amplified. To

determine whether absence of the amplified product in these patients was due to insufficient
amount of DNA or DNA damage, we amplified globulin in parallel to amplification of nef
(Figure 31). In this assay, we amplified PY, OK and AT using both nef-specific primers and
B-globulin-specific primers. The results showed that only nef from the patient PY could be

amplified, whilst amplified S-globulin product was seen in all patients. This experiment

AULINENINYINg
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bp
1500

1000

700
500

<«—703bp

Figure 31 The representative amplxﬁE prodlﬁﬁf nef and SB-globulin from the patients

e 'h--

OK, AT, and PY. Lane 1: ngbp molecular marker Jlane 2to 4: thj! PCR products of PY, OK,

and AT which were ampll?sﬂ by nef-specific primers, lane ?to“7 73 the PCR product of PY,

OK, and AT which were anﬁlghﬁed by B-globulin-specific prgners, lane 8: distilled water
(negative control). The amplified nef product was 703bp.
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The question still remained at this point as to why we could not amplify nef from OK
and AT. Since our primers were designed based on DNA sequences from HIV-1 subtype A/E
reference strain (U54771), the primers might not be able to amplify nef from the other
subtype such as HIV-1 subtype B. Indeed, the patients OK and AT was previously shown to
be infected with subtype B (data not shown). We therefore analysed the primers to determine
the difference of nucleotide sequences at the primer binding sites between subtype A/E and
Asian subtype B.

The outer and inner forward primer | ! of subtype A/E reference strain
(U54771) were compared with ez 1btype-B.khe result of comparison of outer
| nucleotide sequences at several

positions which were G1T (36/2 A 18 ) \\\' 0) and C22G (36/36) (Figure

- 32), whereas the differences ¢ ér for A1 primer | » ng sites were G5C (18/36), C12A

For inner and outer reverse pfi bindi cs, these primer binding sites of subtype
AJ/E were compared with nuc of' uen in 7' - 1IVE1 subtype B. In a case of inner
reverse primer binding site, the amino aci L deletioniwas found at position 19 in all isolates of
subtype B (Figure 34), whilst oute
(6/7), GAA (7/7), T5C (7/7), Al4G (7

This primer binding;

ismatch nucleotides including A3G
9G (7/7) (Figure 35).

n as to why our ;;rimers
could not amplify nef of 1
subtype B (Figure 32-35).

ﬂumwﬂmwmm
QW’]Mﬂ‘iﬂJ NN Y

ere previously infected with
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* 20
Outer forward ! GGTGGAACTTCTGGGACACAGC
TH.90.BK132 I P
( Thailand TH.92.92TH014C_R : L G...G
TH.93.93THO67 L G...G
TH.93.TH936710 | S Gi..G
. CN.x.RL42 D i 55 e e o8 i 6 5 Bl 5 aE
China L ov.x.cnEN24 T G...G
JP.B6.JH32 Tis 5 5505 @ o oo 00 bt o8 vy emy 01 it 1 ...G
Japan JP.x.ETR copL LT e
Myanmar {_ MM. 99.m¢ T Gt 5 30 e e mverrg G .G
KR. 9 Pt e e e Gu.uB
' T e e e GasaC
s 50 s o 1 o 513 0 3 e G...G
............... G:ss+G
............... G...G
............... Ges s G
..... GA.........GG..G
..... GA.........GG..G
Subtype B GA..... A...GG..G
............... T.G.G
................ T.6.C
............... T.G.G
................ g
................ T...G
................ T...G
................ T.G.G
................ T.G.G
................ ?.G.G
................ T...G
................ T...G
_|BRO6.RRSOSENCE~ : T. .. ............. P...G
-y " Y €...G
~e=— . G G e G...6
. P .. G:..C
- i T oG
\Tai\g L ™.94. S Gou
) Consessiic R I G:: =B
AU INYNINYNS
4

¢

=S a/
T 13 A4 WD LR
t@ I:I subtype B strains. Outer 06q i

between sub rward primer binding site was shown at

the top. The first column indicates country, sampling year, and name of HIV-1 subtype B for
example TH.90.BK132; TH indicates country (Thailand), 90 indicates sampling year (1990),
BK132 indicates name of sequences derived from Los alamos database. The second column

indicates the nucleotide sequences of primer binding sites.
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* 20

Inner forward ! CCTAGAAGAATCAGACAGGGCTTAG

TH. 90.BK132 T G

(Thailand TH. 92. 92TH014C_11: a6 @ 2T e . AR C.C s
TH. 93.93THO67 ST < B Riwwmss osnns CA

TH. 93, PHI36710 ¢ ....C... vu. Al .. (18

CN. x. RL42 R . S A..... Bammw s 5

China CN. x. CNHN24 = L e AC.C
JP. B6.JH32 TP . i o 21 8 Bore o3 0110 1600 G.

Japan iJP.x.ETR D L GT. A A 8.
Myanmar s o im0 Bis %515 8 o rorverins s ve 1w w1
G2 e @ Avivnnnn.. GC

...... Bis o @5 5 & 5w BE

...... e « 3% % s (GC

A R A iiiii.

~:R b Cmssae Al

. . RA « —C. Bemzrmzmiums G...
O RO E N ., . . ... ... Ao, G

¢ 95/ JKRE 076 K4 ... ... Rsim 578855 0w G.

Subtype B /98 "\\ ....... Ao c.
°5. KRS086 €1, ©h, . @R. . . . . . sy i 5 5 3t % B S Gs

R 95% KRSDBE WMRGT. ..... Ao, G

\ . ... .. Aceinnn. .. G

R . KR B C . R 5 & BB 6 e g G.

Korea 6 . KF "CASAYN ..., Ao, G
...... Aveeeen...G

......... A...........C

......... Risoiman onnsC

.......... Rois 5 i 0210

........... R i %85 65050 B

........... B 5% 5 0055 5 510

.......... . R

A e G

AL (e
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i — A G.

\ am 00/ TN PSR
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the top. The first column indicates country, sampling year, and name of HIV-1 subtype B for
example TH.90.BK132; TH indicates country (Thailand), 90 indicates sampling year (1990),
BK132 indicates name of sequences derived from Los alamos database. The second column

indicates the nucleotide sequences of primer binding sites.
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& 20

‘ Inner reverse : GCTGGGGACTTTCCAGGGGA

TH. D5.95THBS § cosssmsmasvissnssmen

TH. BB.9BTHIL ¢ ccconmososcrcnwenss =5

Thailand TH.97.97THS0 §# sewsamsssanssasnsss ~,

Subtype B { TH. 97.97THES  : o oooeeeen e, pay

TH. 97.97THB2 .ottt it i i e e =

Ch.ina £ CN. x.LTG0218 f SRR EHREEEEE G e S =

L Taiwan TW. 94 . THCYS L. e G s«
Figure 34 Alignment of nucléotide c&/& reverse primer binding sites
between subtype A/E and sub Stra er reverse er binding site was shown at

the top. The first column indieate licates sampling year (1995),
95THS5 indicates name of seg S g ed fe s alamos database. The second column

- indicates the nucleotide seque

\Z
J
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& 20

Outer reverse ¢ GGAGTTGGGGAGTAGCTAACCC

( TH.95.95THBS : ..GAC........ G..G.G...
TH. 96:96THI] ¢ +:GRE=zs:.a... G..G.G..
Thailand < TH.97.97TH50 : ..GAC........ B s B B: =
SubtypeB< TH.97.97THE : ...AC....A.T.GC-G.G..
TH.97.97TH62 & ..GAC:«:v.ss GG..A.G..
China CN.X. LPGD21B : ..GAC..:sscss- G..G.G..
Taiwan . THEYS .1 T, 80, G. 6. .
. essus I g ..GAC........ G..G.G..

Figure 35 Alignment of nu C-Seque reverse primer binding sites

between subtype A/E and subtype«B"sirdins, ( \\\4 er binding site was shown at

. indicatg iy, samplir , and name of HIV-1 subtype B for
: dicates sampling year (1995),
95TH85 indicates name of sg 2 \ tabase. The second column

indicates the nucleotide seque binding si

%‘
’, ﬂ‘-..-
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ﬂ‘UEl’J‘YIEJ'VITWEI']ﬂi
’QW'lﬁﬁﬂ‘iflJ NN Y



88

3.4 Cloning of nef

The high mutation rate of HIV can lead to emergence of quasispecies and escape
mutations. Either epitope mutations or mutation at flanking region could account for
abrogation o f C TL recognition. Since the se quence acquired by direct s equencing method

might represent only the most prevalent strain of HIV quasispecies, we decided to use

AUEINENINYINS
MIANTUNNINGA Y



89

3.5 Detection of nef inserts

The nef-inserted plasmids were cloned to competent cells (E. coli strain DH5a). A fter
cloning, nef of each clone was amplified to confirm that these clones had nef in the plasmid

(Figure 36) whereby the amplified nef product was 703bp.

1 234%!}’78

bp
1500
1000
700
500

703bp

Figure36  The representauve amphf ed nef product from the wef-inserted clones analysed
by PCR assay. This figure showed the amplified product from the patlent PN. Lane 1: 100bp
molecular marker, diane 2-to 7: the amplifiedyPCR product faomgbjclones,ofithe patient PN.
Lane 8: negative cb‘htrol (distilled water). The'amplified nef product was 703bp.
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3.6 nef sequencing

Amino acid sequences within the epitope and the sequences of flanking regions from
each patient were compared with subtype A/E reference strain (U54771). The five clones of
the purified plasmids of PN, UP, PY, WY, and PS (at 2™ and 3™ time points) were selected to

determine the nucleotide and amino acid sequences. We found consistent amino acid

AULINENINYINS
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A B
A A
* 60 L BO 7 * ; 100

Nef : VWLRAQEDEE———VGFPVMPQVPLRPMTYKGAFDLSFFLKEKGGLDGLIYSKKRQ
upPl $

up2
UP3
Up4
UPS
PN1
PN2
PN3
PN4
PN5
Wyl
Wy2
WY3
WY 4
WY5

PS1_II
PS2 11
PS3_II
PS4_II
PS5_II
PS1_III
PS2_I1I
PS3_I11
PS4 111
PS5_I11

PY1
PY2
PY3
PY4
PY5

Figure 37 Align f i -y ﬁ]“ﬂsﬂ ned sequences were
selected to demonstrﬂg.; ﬁ;m&ﬁlj:ﬂ epitopes an?their flanking regions
of 5 nef clones from each HIV-infected indiVidual ﬁ i ﬁ cid sequence
of subtype Agrﬁeﬂeﬁﬂ ﬁi aﬂimj t’m m 'Ercn indicates 5

clones of each patient (PS_II; the amino acid sequences of PS at 2™ time point and PS_III;

the amino acid sequences of PS at 3 time point). The second column indicates the amino
acid sequence of 5 clones in each patient. The A and B indicate the position of
QVPLRPMTYK and GAFDLSFFLK epitopes. A rounded rectangle indicates the amino acid
substitution of M69R in all patients and Y79F in 4 of 5 patients.
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3.6.1 GAFD-non responder

Due to the absence of CTL recognition to GAFDLSFFLK peptide in the patients UP
and PN, HIV from both patients w ere c loned and sequenced to study the amino acid and
nucleotide sequences. For patient UP, all clones contained G83E mutation within this epitope
(GAFDLSFFLK vs. EAFDLSFFLK) (Figure 38).

JETAN 1) ] FFLK

Figure 32 The representativefamin 2 ‘$equences © clones from patient UP. A
rectangle positions the mutated @ cid i3
UP.

epitope (G83E) in the patient
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In a case of PN, the amino acid residues within GAFDLSFFLK epitope were
conserved but the flanking amino acids were mutated. Only the Y102H amino acid mutation
which is located on 10" amino acid away from the C-terminal of the epitope was observed in
3/5 clones, while 2/5 clones have T80A amino acid substitution which is located on 3™ amino
acid away from the N-terminal and Y102H on 10" amino acid away from the C-terminal of

the epitope (Figure 39). For Y79F amino substitution, this mutation was observed in both

GAFD-non responder and GAFD-responde _this point mutation might not affect
GAFD-specific CD8+ T cell respons \ {‘/’
7 | ——

No. clones 100
s ey , GLDGLIY
35 : \ N H
....... H|
2/5 EgE g N EIARSEEEE. LR R .. .. H
........ H
ager 2 \\:\
Figure 39 The representative ami :ﬁr" “seq es of 5 clones from the patient PN. A

ing region of GAFDLSFFLK epitope

compared to consensus sequence

1

e

y §
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3.6.2 QVPL-non responder

HIV-1 nef from WY who did not respond to QVPLRPMTYK epitope was analysed to
determine sequence of this epitope and its flanking region. The nef sequences of WY were
compared with QVPL-responder.

The amino acid residues within epitope were conserve, but the deletion mutation was

observed in the flanking region. Whereas lones from the patient PY had deletion

mutation on 10" amino acid away fro; he other patients who were QVPL-
non responder or QVPL-respondershave no N lii-this ‘Bosition (Figure 39). This point

mutation therefore might affect Q - ,.A. D& -..\ GsfEae
No. clones Nef r - i |  ou T e e
45 Wyl ;

15 WY5 4 M.

QVPL-responder < PN3

Figure 39 q%ﬁ@ ueﬂﬁﬂé‘a{}ﬂw I,’n}é}vﬁ A rectangle

positions the deleted amino acid in flanking region of QVPLRPMTYK epitope compared
with amino acid of QVPL-responder.
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3.6.3 The patient had fluctuation of T cell response

In this part, we compared amino acid sequence of the patient PS at 2" and 3™ time
points to determine sequencing of the epitope and its flanking region. In a case of PS, this
patient could not recognise at 1% and 2™ time points, but he could recognise QVPLRPMTYK

peptide at 3" time point. Proviral DNA of PS at 2™ and 3" time point were therefore cloned

and sequenced.

The amino acid sequences withi epitope and flanking region were

conserved in both 2™ and 3™ tj dition, w hen w e c ompared the

| —

nucleotide sequences within epi point, the nucleotide sequences

putation was detected in this
) at position 10 (QVPLRPMTYK)

K 0 acid of *he other patients

No. clones Nef : ~=-VGF DYMPQ! PLRPMTYKGAFDLSFFLKEKGGL

55 PS1_II P .S8.. . --T=EG.. R T LT T T T
PS2_1II ¥ @i e TR B - - - o s it e e rie e
PS3_II  : -~EG.....R : -
PS4 _II
Pss 11 : AVEE - B 5 i

515 PSI_III s St il B R
PS2 III . '
PS3_III
PS4 111

PSs_11 () ‘i .
'{' ¢ o v/
Figure 40 %ﬂpﬂ@ﬂvﬂﬁmﬂm&} mxﬁ ;1 @zﬂm 3" time

points. PS I ingjcated the amino acid sequences of PS at 2™ time point and PS_III indicates

were also conserved. Howeve
epitope region. In contrast to
of patient PS was translated fr
was translated from AAG ¢

amino acid sequences of PS at ™ time point.
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