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“How to read a scientific paper”

https://www.sciencemag.org/careers/2016/01/how-read-scientific-paper
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How in depth are you reading?

Reading the whole paper

Section and figure titles

Introduction and Discussion

Abstract and Title

So you’ve done your Google Scholar search 
and you found a paper that might be of 
interest to your project. 

Reading a paper is time consuming, so we 
need to know as soon as possible if we want 
to read the whole thing!



How in depth are you reading?

Reading the whole paper

Section and figure titles

Introduction and Discussion

Abstract and Title

So you’ve done your Google Scholar search 
and you found a paper that might be of 
interest to your project. 

Reading a paper is time consuming, so we 
need to know as soon as possible if we want 
to read the whole thing!

Start by breaking down the abstract!



Title and Abstract

Motivation

Background

Results/Conclusion

Abedi, M.H. et al. (2020) Thermal Control of Engineered T-cells. ACS Synth. Biol. 9, 1941–1950
doi: 10.1021/acssynbio.0c00238



Title and Abstract

What:
1. Tested heat shock promoters to control gene expression in primary human T-cells
2. Tuned amplitude and duration of expression using different circuit/genetic architecture
3. Expressed a chimeric antigen receptor (CAR) and cytokines from heat shock promoters to show 

usefulness

Why:
Need to externally control activity of T-cells



Still Interested?

Reading the whole paper

Section and figure titles

Introduction and Discussion

Abstract and Title?



Introduction



Introduction

What did the authors actually do?
1. Screened a library of heat shock 

promoters in primary human T-
cells

2. Implemented circuits with feed-
forward amplification, positive 
feedback, and recombinase-based 
switches to control duration of 
expression

3. Applied to control expression of a 
cytokine, CAR, and to kill target 
tumor cells



Discussion



Discussion

Original Claim:
• Heat shock promoters successfully control 

gene expression with minimal baseline 
activity

Future Studies:
• Optimize in vivo (therefore the study only 

did in vitro experiments)
• Optimize using the translational technology 

for heating

Limitation of Data:
• Heat shock promoters are not specifically 

activated by elevated temperature
• They utilized this promiscuous 

behavior (it’s a feature not a bug), but 
it could hinder other applications



Still Interested?

Reading the Whole Paper

Section and figure titles

Introduction and Discussion

Abstract and Title

?



1. Evaluating Candidate pHSPs in Primary Cells
2. Thermal Parameters for pHSP Activation
3. Genetic Circuits for Amplified and Sustained Thermal Activation
4. Temperature-Activated Cytokine Release
5. Dependence of pHSP-Drive Circuits on T-Cell Activation
6. Autosustained Thermally Induced CAR Expression and Tumor Cell Killing

Section and Figure Titles



Claim 1: Screened a library of heat shock promoters in primary human T-cells
1. Evaluating Candidate pHSPs in Primary Cells
2. Thermal Parameters for pHSP Activation

Claim 2: Implemented circuits with feed-forward amplification, positive feedback, 
and recombinase-based switches to control duration of expression

3. Genetic Circuits for Amplified and Sustained Thermal Activation

Claim 3: Applied genetic circuits to control expression of a cytokine, CAR, and to 
kill target tumor cells

4. Temperature-Activated Cytokine Release
5. Dependence of pHSP-Driven Circuits on T-Cell Activation
6. Autosustained Thermally Induced CAR Expression and Tumor Cell Killing

Section and Figure Titles



Figure 1a: Evaluating Candidate pHSPs in Primary Cells

Experimental design figures

Figure 3: Genetic Circuits for Amplified and 
Sustained Thermal Activation

Method of 
screening pHSPs Transduction 

Control

Feed-Forward 
Amplification

Positive 
Feedback 
Control

CRE 
Recombinase 

Control



Figure 4: Temperature-Activated Cytokine 
Release

Experimental design figures

Figure 5: Dependence of pHSP-driven circuits on T-
cell activation



Figure 6: Autosustained Thermally Induced 
CAR Expression and Tumor Cell Killing

Experimental design figures



Section and figure titles

Finally…

Reading the whole paper

Introduction and Discussion

Abstract and Title

?



• Finally read through each section
• Review the data
• Examine the experimental methods
• Do the results back up the article’s claims?

Reading the paper: Critically examining data and claims

Conditions: 4 windows, each 
with 10+ tabs open, to define 
words, explain methods, and 
check citations.

Conditions: Furiously cross-
checking results and conclusions 
to verify the article’s claims.

Conditions: Complete read-
through to make sure nothing 
was missed. Hard work! Time for 
a nap.

https://twowomensci.wordpress.com/2018/02/16/how-to-read-a-scientific-paper-part-3/

https://twowomensci.wordpress.com/2018/02/16/how-to-read-a-scientific-paper-part-3/


Claim 1: Screened a library of heat shock promoters in primary human T-cells

Section Objective: “To enable thermal control of T-cell activity, we required a pHSP with robust switching behavior
in primary human T-cells.”
Method: “…, we decided to systematically evaluate the activity of 13 different pHSPs in response to a 1-h incubation 
at 42 °C.”

Section: Evaluating Candidate pHSPs in Primary Cells



Claim 1: Screened a library of heat shock 
promoters in primary human T-cells

Section Objective: “To search for temperatures
that provide rapid induction with minimal thermal 
burden to the cells,…”
Method: 

1. “…, we incubated pHSP-transduced T-cells at 
temperatures ranging from 37 to 44 °C for 1 
h.”

2. “To reduce the effect of thermal exposure on 
cell viability, we tested a pulsatile heating 
scheme with a 50% duty cycle”

3. “We also investigated continuous stimulation 
durations ranging from 15 to 120 min.”

Section: Thermal Parameters for pHSP Activation 



Claim 1: Screened a library of heat shock promoters in primary human T-cells
1. Evaluating Candidate pHSPs in Primary Cells
2. Thermal Parameters for pHSP Activation

Claim 2: Implemented circuits with feed-forward amplification, positive feedback, 
and recombinase-based switches to control duration of expression

3. Genetic Circuits for Amplified and Sustained Thermal Activation

Claim 3: Applied to control expression of a cytokine, CAR, and to kill target tumor 
cells

4. Temperature-Activated Cytokine Release
5. Dependence of pHSP-Driven Circuits on T-Cell Activation
6. Autosustained Thermally Induced CAR Expression and Tumor Cell Killing

Did they support their claim?



Claim 2: Implemented circuits with feed-forward 
amplification, positive feedback, and recombinase-
based switches to control duration of expression 

Section Objective: “To enable the use of pHSPs in T-cell 
therapy applications, it is useful to amplify the output 
of pHSP-driven circuits. “

Section: Genetic Circuits for Amplified and Sustained Thermal Activation



Claim 2: Implemented circuits with feed-forward 
amplification, positive feedback, and recombinase-
based switches to control duration of expression 

Section Objective: “To enable the use of pHSPs in T-cell 
therapy applications, it is useful to amplify the output 
of pHSP-driven circuits. “

Method: 

1. “We implemented a feed-forward amplification 
circuit in which the pHSP drives an rtTA
transactivator, which produces stronger 
transcriptional activation tunable with 
doxycycline.”

Section: Genetic Circuits for Amplified and Sustained Thermal Activation



Claim 2: Implemented circuits with feed-forward 
amplification, positive feedback, and recombinase-
based switches to control duration of expression 

Section Objective: “To enable the use of pHSPs in T-cell 
therapy applications, it is useful to amplify the output 
of pHSP-driven circuits. “

Method: 

2. “To further tune the performance of the HSPB 
amplifier circuit, we designed constructs with 
reduced translation of the GFP by varying the 
Kozak sequence or inserting a micro-open reading 
frame upstream”

Section: Genetic Circuits for Amplified and Sustained Thermal Activation



Claim 2: Implemented circuits with feed-forward 
amplification, positive feedback, and recombinase-
based switches to control duration of expression 

Section Objective: “In some therapeutic scenarios, it is 
critical to prolong the therapeutic action of T-cells 
following thermal induction.”

Method: 

3. “We established a positive feedback amplifier circuit 
by rearranging the elements of our feed-forward 
amplifier such that rtTA could drive its own 
expression in the presence of doxycycline”

Section: Genetic Circuits for Amplified and Sustained Thermal Activation



Claim 2: Implemented circuits with feed-forward 
amplification, positive feedback, and recombinase-
based switches to control duration of expression 

Section Objective: “In some therapeutic scenarios, it is 
critical to prolong the therapeutic action of T-cells 
following thermal induction.”

Method: 

4. “To establish a permanent thermal switch, we 
tested gene circuits in which we placed the 
expression of CRE recombinase under the control of 
candidate pHSPs”

Section: Genetic Circuits for Amplified and Sustained Thermal Activation



Claim 1: Screened a library of heat shock promoters in primary human T-cells
1. Evaluating Candidate pHSPs in Primary Cells
2. Thermal Parameters for pHSP Activation

Claim 2: Implemented circuits with feed-forward amplification, positive feedback, 
and recombinase-based switches to control duration of expression

3. Genetic Circuits for Amplified and Sustained Thermal Activation

Claim 3: Applied to control expression of a cytokine, CAR, and to kill target tumor 
cells

4. Temperature-Activated Cytokine Release
5. Dependence of pHSP-Driven Circuits on T-Cell Activation
6. Autosustained Thermally Induced CAR Expression and Tumor Cell Killing

Did they support their claim?



Claim 3: Applied to control expression of a cytokine, 
CAR, and to kill target tumor cells

Section Objective: “To demonstrate the ability of our 
positive feedback circuit to sustain a therapeutically 
relevant function after thermal induction, we 
connected its output to the production of a cytokine“

Method: 

1. We incorporated human IL-21 in place of GFP in our 
positive feedback circuit. Without thermal 
induction, primary T-cells transduced with this 
circuit produced minimal IL-21.

2. In some scenarios, it would be useful for cytokine 
release to be triggered from a T-cell constitutively 
expressing a CAR, allowing the cytokine to locally 
boost immune activation during CAR-directed 
killing. To test this possibility, we cotransduced
primary T-cells with our positive IL-21 circuit and a 
constitutively expressed anti-CD19 CAR.

Section: Temperature-Activated Cytokine Release
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Claim 3: Applied to control expression of a cytokine, 
CAR, and to kill target tumor cells

Section Objective: “To demonstrate the ability of our 
positive feedback circuit to sustain a therapeutically 
relevant function after thermal induction, we 
connected its output to the production of a cytokine“

Method: 

1. We incorporated human IL-21 in place of GFP in our 
positive feedback circuit. Without thermal 
induction, primary T-cells transduced with this 
circuit produced minimal IL-21.

2. In some scenarios, it would be useful for cytokine 
release to be triggered from a T-cell constitutively
expressing a CAR, allowing the cytokine to locally 
boost immune activation during CAR-directed 
killing. To test this possibility, we co-transduced 
primary T-cells with our positive IL-21 circuit and a 
constitutively expressed anti-CD19 CAR.

Section: Temperature-Activated Cytokine Release



Claim 3: Applied genetic circuits to control expression 
of a cytokine, CAR, and to kill target tumor cells

Section Objective: “To directly examine the possibility 
that pHSPs are turned on in response to CAR-driven T-
cell activation, … “

Method: 

“…we tested the expression of pHSP-driven GFP in 
constitutively CAR-expressing T-cells upon exposure to 
a thermal stimulus or bait cells. ”

Section: Dependence of pHSP-Drive Circuits on T-Cell Activation



Claim 3: Applied genetic circuits to control expression 
of a cytokine, CAR, and to kill target tumor cells

Section Objective: “We hypothesized that placing CAR 
expression under the control of a pHSP would result in 
T-cells with no initial CAR expression or activity, even in 
the presence of target cells. Upon thermal induction, 
CAR would become transiently expressed. If the CAR 
target is present in the vicinity of T-cells, these cells 
would become activated, driving sustained expression 
of additional CAR from the pHSP and target cell killing.“

Method: 

• Incubated T-cells with bait cells under 37 C or 42 C 
conditions (Fig 6C/D)

Section: Autosustained Thermally Induced CAR Expression and Tumor Cell Killing



Claim 1: Screened a library of heat shock promoters in primary human T-cells
1. Evaluating Candidate pHSPs in Primary Cells
2. Thermal Parameters for pHSP Activation

Claim 2: Implemented circuits with feed-forward amplification, positive feedback, 
and recombinase-based switches to control duration of expression

3. Genetic Circuits for Amplified and Sustained Thermal Activation

Claim 3: Applied genetic circuits to control expression of a cytokine, CAR, and to 
kill target tumor cells

4. Temperature-Activated Cytokine Release
5. Dependence of pHSP-Driven Circuits on T-Cell Activation
6. Autosustained Thermally Induced CAR Expression and Tumor Cell Killing

Did they support their claim?



Summary:
Highlight:
Weakness:
Open Questions:

Summarize for Later



Summary: Heat shock promoters were screened and chosen that exhibit low 
baseline activity and high-fold induction. Incorporation of heat shock 
promoters into circuits increases the magnitude and/or duration of 
expression. Heat shock promoters are also activated by T-cell activation, and 
are utilized to create autosustaining activation circuits for killing bait cells.
Highlight: Heat shock promoters in T-cells exhibit 2-17 fold induction, and 
are also activated by T-cell activation.
Weakness: All T-cell studies were done only with bait cells, not directly 
showing off-target effects. Also, the method of heating for translational 
therapies that was specifically mentioned (focused ultrasound) was not used.
Open Questions: How might these circuits function in vivo? How can we 
better probe off target effects? Can the auto-sustained circuit be externally 
stopped as the dox-inducible feedback/forward loops can?

Summarize for Later
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Summarize for Later



• Reading scientific papers is a skill that requires practice and patience
• It gets easier to read papers over time!
• Google is your friend
• Make vocab lists
• Don’t worry if you don’t understand every single thing right away
• Do what works best for you!

Words of Wisdom



Side Note: Where to manage citations?

See https://gallowaylabmit.github.io/protocols/en/latest/bootcamp/iap/day_0_setup.html

https://gallowaylabmit.github.io/protocols/en/latest/bootcamp/iap/day_0_setup.html


Section and figure titles

Next time…

Reading the whole paper

Introduction and Discussion

Abstract and Title

How to review a paper


